














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in·5160 
NOVA* 3 ADD·IN MEMORY 

Software compatibility with NOVA 3 
family 

On-board parity control 

Optional error correction with on-board 
error logger and error display 

Optional on-board memory management 
and protection unit 

64K, or 128K word capacity and 
compatible with resident core memory 

High circuit density, reducing system 
cost 

Low power dissipation 

Battery backup operation supported 

Full commercial operating temperaturel 
humidity range 

One year warranty 

The Intel in-5160 is a 64K, or 128K word plug compatible memory card designed for use in the Data General NOVA 3 
computer. It is totally hardware and software compatible with the NOVA 3, and configures easily with fesident Data 
General memory boards. All in·5160 control memory, address, parity, bus driving, and voltage regulator circuitry, as 
well as all options, are contained on one 15-inch x 15-inch printed circuit card, which occupies only one card slot. This 
high circuit density allows a NOVA 3/4 to be configured with the maximum addressable memory, a memory manage· 
ment unit, the memory protect option, and the parity generate/check option, with two slots left for a disk controller and 
a serial controller or any other two cards. The in-5160 is designed for low power dissipation and uses a maximum of 50 
watts (40 watts typical). In case of power failure the contents of the memory will be retained if a battery backup is pro· 
vided. With this low power dissipation, no additional cooling fans are required. The parity feature and the optional 
memory management and protection unit (MMPU) are functionally identical to the corresponding units available from 
Data General and both features are fully compatible with the NOVA 3 software. The parity feature generates and 
checks parity on a 16-bit data word and will work not only for the in-5160, but for any other 17-bit memory in the same 
system. The optional MMPU allows memory addressing and allocation up to 128K words and provides several system 
protect functions under software control. The optional ECC error check and correction provides error correction 
facilities on the board along with an error logger. All Single bit errors will be corrected; all double bit errors and a 
significant portion of multiple bit errors are detected. 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED 
© INTEL CORPORATION. 1979 22-17 NOVEMBER 1979 
·NOVA is a registered trademark of Data General Corporation. 
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FUNCTIONAL DESCRIPTION 
The in-5160 NOVA 3 Add·ln Memo~y is a semiconductor 
memory system specifically designed as a single card 
add·in containing the maximum amount of memory ad· 
dressable by existing software. Also on the board are all 
memory associated system functions previously avail· 
able only on a separate card, or not available at all: parity 
generation and checking, memory management, memo 
ory protection, error detection/correction, and error log· 
ging with error location display. All normal memory 
functions are also contained on the card: address buf· 
fers and decoding logic, data transceivers, control logic, 
timing, mode enable logic, and refresh control logic. On· 
line operating sequences are controlled by processor 
supplied control signals, signals received from data 
channel devices and by internal control signals. 
Response signals sent to the central processing unit 
(CPU) are generated by the parity logic, MMPU, and 
other control logic circuitry. All system components are 
engineered to meet or exceed the specifications of 
similar Data General components. 

Compatibility 
The in-5160 can be inserted into any NOVA 3 series com· 
puter and will work with any 17-bit memory already in 
the system. The 96kW version must be positioned in 
lower memory, Other capacities may starfon any 32kW 
boundary. If the previous memory capacity is not a 
multiple of 32K words, the in-5160 is set to occupy the 
address range from zero up to the in-5160 card capacity. 

The previously installed memory is then set to follow 
the ending address of the in-5160. For example, a 64K 
word in-5160 could be used as shown in Table 1. 

Condition 
Address Range Address Range for 

for In·5160 Resident NOVA Memory 

No previous memory 0-64KW -
16K resident memory 0-64KW 64KW-SOKW 

32K resident memory 32KW-96KW 0-32KW 

64K resident memory 64KW-12SKW 0-64KW 

Table 1. in-5160 Memory Address Range 

Capacity 
The in-5160 is manufactured with two types of memory 
devices: a 16K x 1-bit dynamic RAM and an 8K x 1-bit 
dynamic RAM. Both chips are manufactured with NMOS 
technology and are tested to the same specifications. 

Addressability 
Card select for the in-5160 is determined by the decode 
of the three extended address inputs and the settings 
of the address select switches on the card. These 
switches enable the card's starting and ending ad· 
dresses.to be set on any 32K word boundaries within the 
128K word address field available with memory manage· 
ment .. For cards with memory capacity greater than 32K 
words, the address range must be selected so that the 
memory occupies contiguous 32K address blocks. 

----.----------------------·--------C~O~NT~R~OL~S~'G~N7.AL~S----------------·----------------,1 

MEM <0-15:->, MEMP (READ AND WAITE DATA) 

Figure 1. in·5160 NOVA·3 Add·ln Memory Simplified Block Diagram 
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Operating Modes 
The in-5160 emulates all of the operating modes sup­
ported by Data General on the NOVA 3 series com­
puters. In normal operation, the in-5160 performs read, 
read-hold, write, and read-modify-write processor con­
trolled cycles. Refresh cycles are timed out internally 
and use chip row addresses generated by a counter on 
the board. The in-5160 offers the largest storage capac­
ity th'al can be handled by existing software and has a 
higher effective speed than the NOVA 3 semiconductor 
memories. Read or write operations required 500 nano­
seconds and the read-modify-write operation is com­
pleted in 1100 nanoseconds, whether initiated when the 
memory is idle or immediately following a preceding 
cycle. On consecutive memory cycles, the Data General 
NOVA. 3 memory requires 500 nanoseconds for read 
cycles, 1200 nanoseconds for write cycles and 2200 
nanoseconds for read-modify-write. Since consecutive 
memory cycles occur frequently, the Intel memory can 
provide significantly faster throughput. The data valid 
time is extended during the read-hold cycle by the proc­
essor pulling the hold input low. The longer data valid 
time is required during defer cycles, console initiated 
read cycles (the examine switch), or during data channel 
read cycles. For data channel memory cycles, the 
memory operates in either write or read-hold modes. All 
read, write, or read-modify-write cycles can be per­
formed with or without Single bit error correction, map, 
memory protection, or parity error reset or interrupt. 

Memory Management and Protection 
Unit (MMPU) 
Memory expansion - The MMPU provides the capabil­
ity to use a memory of up to 128K words and supplies' 
the hardware necessary to make use of the NOVA 3 sofF 
ware protection features. The expansion of memory 
capacity is accomplished by replaCing the 'five highest 
order address ,bits (the logical address) with seven bits 
from a location in the translation memory (the physical 
address). Each logical address is 'mapped' (or trans­
lated) to one, and only one, physical address, which may 
be anywhere within the 128K physical address field. The 
contents of the translation memory (the map) may beset 
up using ordinary 110 instructions. 

Memory protection - The memory protection function 
of the MMPU provides detection capability for five types 
of software violations: 

• Write protect - prevents writing into a write pro-
tected 1 K page ' 

• Validity - prevents accessing, in any manner, a page 
declared invalid 

• Defer - protects against runaway defer cycles 

• 110 - enables 110 violation detection in the GPU 

• Auto Index - Prevents auto-indexing operations. 

When a violation is detected, the MMPU initiates a map 
interrupt routine in the processor. 

Parity 
The parity feature is standard on all in-5160 memory 
boards. During write operations, the parity logic gener­
ates a parity bit for the 16-bit data word. Data and parity 
bit are then stored in the memory. During read opera­
tions, 16 bits of data and one parity bit are read out from 
the memory and checked for a pariiy error. If a parity 
error is detected, the address and parity bit are latched 
in the parity error address register, and either a reset or 
interrupt Signal (jumper selectable) is returned to the 
processor. The GPU reads the contents of the parity er­
ror address register by using standard 110 instructions. 
The parity feature services not only the in-5160, but all 
17-bit memories in the same system. On boards with the 
EGG option, the parity logic still functions for other 
17-bit memories in the system and reports multiple bit 
errors detected by the EGG logic to the GPU as parity 
errors. 

Error Correction and Error Logger 
The in-5160 error correction circuitry (EGG) provides on­
board capability to correct any single bit error and 
detect any double bit error in the read data. Many errors 
of more than 2 bits will also be detected. EGG greatly 
increases memory reliability and minimizes non­
recoverable system failures. The multiple bit errors are 
flagged to the processor as parity errors. All errors are 
logged as they occur and are simultaneously displayed 
on the in-5160's control panel. The error correction func­
tion can be disabled by a switch on the control panel; 
however, the error logger will continue to monitor and 
store error information. The chip location of Single bit 
errors and row location of double bit and multiple bit 
errors are stored in the error logger memory and 
displayed on LEDs on the control panel as they occur. 
The error logger controls and indicators are shown in 
Figure 2. 

ERR BIT - THESE INDICATORS SHOW FAULTY OATA BIT (BINARY CODED). 

16,8,4,2,1 EXAMPLE: INDICATORS 1 AND 4 ON, INDICATES BIT 5 IN ERROR. 

SK (SEEK) - PUSHBUTTON SWITCH. WHEN PUSHED AND HELD, PERFORMS LED 

TEST. WHEN RElEASED{ERROR LOGGING MEMORY IS SEARCHED 

FOR ERROR INFORMATION. 

CLR (CLEAR) - PUSHBUTTON SWITCH. CLEARS ERROR LOGGING MEMORY. 

INH(INHIBIT) - TOGGLE SWITCH. IN ON POSITION INHIBITS ERROR CORRECTION 

FUNCTION. DOES NOT INHIBIT ERROR LOGGER. 

ROW - THESE INDICATORS SHOW ROW lOCATION OF FAULTY RAM 

4.2,1.V~ (BINARY CODED). 

LOG - THIS INDICATOR COMES ON TO INDICATE ERROR LOGGING IN 

PROGRESS. 

ERR - INDICATES ERROR IS DETECTED; SINGLE BIT OR DOUBLE BIT/MULTIPLE BIT 

Figure 2. Error Logger Control Panel and Indicators 
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INSTALLATION 
The installation of the in-5160 on a NOVA 3 system is 
covered in detail by the technical manual which accom­
panies the product. The ma.in points of consideration 
during installation are address selection and. parity 
error action (RESET or interrupt)_ The loCation of these 
switches and jumpers are illustrated in the manual for 
easy location_ 

RELIABILITY 
The in-5160 is designed for low power dissipation_ When 
operating with all options, and at full speed in a NOVA 3, 

SPECIFICATIONS 

Storage Capacity 
64K, or 128K words 

Word Length 
Standard - 16 data bits and one parity bit 
With ECC - 16 data bits and six EGG check bits 

Cycle Time 
Read or Write Cycle - 500 ns 
RMW - 1100 ns 

Access Time 
300 ns (access and cycle times are extended 100 ns if 
error correction takes place) 

Operating Modes for Memory 
Processor - Read, read-hold, write, read-modify-write 
Data Channel - Read-hold, write 
MMPU - Translation enabled/disabled 
Parity - Disabled/generate even parity, generate odd 
parity . . 

Interface Characteristics 
Interface - NOVA-3 backplane compatible, one card 
slot required 

Note: If the in·5160 is equipped with MMPU option. backplane slot 2 is 
required. 

Address Input - MADR 1-15: 15 Lines; ALU 0-6: 7 lines; 
DS 0-5: 6 lines 

Address Input/Output -MADR 1-15 
(Generated in MMPU) X MADR 0-2 

the 128K in-5160 dissipates 170 Btu/hr; in battery 
backup (standby) mode, it dissipates 55 Btu/hr_ This 
results in a cooler running system, an increased margin 
for power supply operation, and improved system reli­
ability_ Every card is fully tested in a temperature 
cycling environment for eight hours and in a NOVA 3 
computer to test all options with the NOVA software. 
Because of the 100% burn-in performed on each card, 
the. user is assured of receiving Intel's proven quality 
and reliability_ In addition, all Data General compatible 
products manufactued by Intel are covered by a one year 
warranty. 

Memory Data Input/Output - 16 bidirectional lines 
I/O Data Input/Output - 16 bidirectional lines 
Control Inputs - 36 lines 
Control Outputs - 14 lines 

Physical Characteristics 
Width - 15 in. (38.1 cm) 
length - 15 in. (38.1 cm) 
Height':" 0.4 in. (1.02 cm) 
Weight - Less than 3 Ib (1.36 kg) 

Electrical Characteristics 
DC Power Pequirements (128K, all options) 

Voltage 
Active 

Current 
(:!:5%) Battery Backup 

+5V 6.8A 2.2A 
+15V 890mA 350mA 
-5V 5mA 

Environmental Characteristics 
Temperature - 0 'G to 50'G operating ambient; -40'G 
to 120 'G non-operating ambient . 

Relative Humidity -Up to 90% with no condens.ation 

Altitude - 10,000 ft max operating; 50,000 ft max non­
operating 

Reference Manuals 
TM-5160-000 - in-5160 Technical Manual, Number 
111768 (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative. 
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ORDERING INFORMATION 

Model Capacity Description 
CM·5160A·064 64K x 17·bit 64K memory with parity 

CM·5160A·128 128K x 17·bit 128K memory with parity 
CM·5160B·064 64K x 22·bit 64K memory with ECC 

CM·5160B·128 128K x 22·bit 128K memory with parity and ECC 
CM·5160C·064 64K x 22·bit 64K memory with parity and MMPU 
CM·5160C·128 128K x 22·bit 128K memory with parity and MMPU 
CM·5160D·0364 64K x 22·bit 64K memory with parity, ECC and MMPU 
CM·5160D·128 128K x 22·bit 128K memory with parity, ECC and MMPU 
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VIDEO-REFRESH MEMORY SYSTEM 

• Single-card memory system complete 
with addressing and timing logic 

• 256K-word x 4-bit capacity in four 
image planes, each 256K x 1 bit wide 

• Four-bit resolution, allowing 16 shades 
of grey for image enhancement 

• Expandable in multiple card systems 
for greater resolution in both grey scale 
and multicolor displays 

• Utilizes MOS dynamic RAMs for 
maximum bit density at low system 
cost 

• Operates in both parallel- and single-bit 
mode control 

• Provides automatic refresh or 
externally initiated refresh 

• High-speed 14.3 MHz bit rate in serial 
read mode 

The Intel in-5770 Video-Refresh Memory System is a special-purpose, single-card, random-access memory 
system designed to store and retrieve digital video image data for sophisticated computer-driven CRT displays. 
The storage capacity of each card is 256K (K = 1024) 4-bit words arranged in four image planes to provide the 16 
grey shades necessary to ensure the high picture quality required for medical and scientific laboratory 
computer modeling displays; a typical image enhancement application is the detailed analysis and interpreta­
tion of black-and-white x-ray images. Multiple in-5770 cards may be used in parallel for systems applications 
requiring more than four bits per picture element for special graphic displays such as color enhancement, 
overlays, or enlargements of portions of the display. The in-5770 refresh memory is specifically designed for 
image enhancement applications; refresh may be accomplished either by normal read and write cycles or by 
user-generated refresh cycles within the specified retention time. Each memory card contains all the logic and 
timing circuitry required to generate memory addresses and clock pulses, and utilizes 16K x 1 MOS dynamic 
RAM technology for maximum bit density at low system cost. An optional chassis is available for multiple card 
housing. 
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FUNCTIONAL DESCRIPTION 

The in-5770 is a video-refresh, random-access 
memory card system designed specifically for stor­
ing and retrieving digital video image data with high 
resolution, but also used for conventional storage 
applications. The complete system consists of one 16 
x 11.25-inch edge connector-type printed circuit 
card containing the semiconductor storage area and 
all the required address and data latches and control 
logic needed to operate the memory. The two stan­
dard configurations are 512 x 512 using Intel's 16K x 
1 dynamic MaS RAM and 512 x 256 using the 8K x 1 
dynamic MaS RAM. The memory is arranged in four 
planes either 16K x 16 or 8K x 16: A block diagram of 
the in-5770 memory system is shown in Figure 1. 

TYPICAL OF EACH PLANE r-------
I 
I :~~~RLELceT~ONA L ..... .c.::..;+----J 
I 
I SINGLE .1'N B'T 

--'----t---l 
OUT 

-, 
BITMODEl 

[16 16 

16 

Capacity 

Each CM-5770 memory card has the capacity to 
store a 512 x 512 display with four bits per picture 
element. The two standard configurations are 512 X 

512 x 4 (CM-5770-512) and 512 x 256 x 4 (CM-5770-
256). The memory storage area in the 512 x 512 ver­
sion consists of 64 Intel 16K x 1 dynamic N-channel 
MaS RAM silicon-gate memory chips. The 16,384 
storage cells on each chip are arranged in a 128 x 128 
array requiring seven row and seven column ad­
dresses to select one cell. Each cell holds one bit of 
information. The memory chips are arranged in four 
rows of 16 chips each, with each 4 x 4 block of chips 
representing one 16K x 16 plane of data. The memory 

, storage area in the 512 x 256 version uses 641ntel8K 

16 

WE 
tvlASK 

CAS 

WE 

CLKENBLO 

~ MA020. MA03Q 

_RMwa 
TIMING 

AND 

CO~TROl 

LOGIC 

SETWEMODl 

......-- MADao, MAOTO 

GEN 
ClRMQ 

READ 
ENABLE 

DATA I 
'N l--I----' 

SERIAL 
VIDEO _------j 
DATA 

I 
I 

L _____________ J 

16 16 16 

PMSKOo.­
PMSKJO 

Figure 1. in-S770 Video Refresh Memory System Block Diagram 
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x 1 dynamic N-channel MOS RAM memory chips with 
8192 storage cells arranged as a 64 x 128 array. The 
8K RAMs are partial 16K devices with only one half of 
the array operational. The in-5770memory capacity 
may be expanded using up to a maximum of 24 
CM-57.70 cards per system. 

1--- ---16.00" 

Figure 2. in-S770 Card Dimensions 

Operation 

The in-5770 provides both paraUel- and single-bit 
mode control to perform four basic memory 
operations plus the refresh operation. The card is 
read in a sequential manner for CRT refreshing, with 
random-access read, write, or read-modify-write 
operations performed in between the CRT refresh 
reads. During a CRT refresh read, 16 bits of data from 
each plane are read on the memory card and are 
internally converted to serial bit lines, clocked at 
70-nanosecond or longer intervals. 

READ OPERATION 
In all read modes, a full 16-bit data word is read out 
from the addressed location in each memory plane. 
During parallel read operations, a 16-bit data word is 
read from each plane of the memory array and placed 
on the output lines, 64 lines in all, resulting in 64 bits 
being simultaneously available at the interface. Dur­
ing serial read operations, 16 bits from each memory 
plane are loaded into shift registers and transferred 
out serially on four output lines. During single-bit 
read operations, a 16-bit word is read from each of 
the four memory planes, but only one bit from each 
plane is transferred to the single-bit output lines. 

WRITE OPERATION 
In write modes, 64 bits of data are stored in the 
location specified by the address inputs. During par­
allel write operations, 64 bits are received at the 
interface, and stored as four 16-bit words, one in 

each memory plane. The parallel write mode writes a 
16-bit data word selectively in any or all of the planes, 
under control of a piane selec;:t ,mask. During single­
bit write operations, four bits(one pixel) are received 
at the interface and stored with one bit in each 
memory plane. 

READ-MODIFY-WRITE OPERATION 
In a read-modifycwrite operation, internal memory 
timing is arranged so that read data is output .trorn 
the card during thefirst portion of the cycle, followed 
by a 90 ns modify perioo during which a new data 
word is generated by the user and stored inthe 
memory. During a parallel read-modify-write opera­
tion, a fu II 16-bit word is read and rewrittEln in each 
memory plane. During a single bit read-modify-write 
operation, a single-bit is read and rewritten into each 
memory plane. 

CLEAR OPERATION 
A clear mode provides a convenient way for clearing 
the screen and for generating test patterns. During a 
clear mode operation, the data applied on the single~ 
bit input lines is written into al116 bits of the selected 
address in all four memory planes. 

VIDEO REFRESH OPERATION 
In image enhancement applications, photographic 
or video images are converted to a matrix of picture 
elements with binary elements designating the in-

. tensity, assigned to each. This information is sent 
from the computer to the refresh memory and stored 
for later CRT display. Since data sent directly to a 
screen from the computer quickly fades, the in-5770 
continuously recreates stored graphic images as ree 

quired by projecting a512 x.512 matrix of shaded 
pictureelememts onto the C8.r:~9reen. 

MEMORY REFRESH OPTIONS 
All rows of memory devices within the in-5770 must 
be refreshed once every 2 milliseconds to prevent 
loss of data. The refresh operation takes place auto­
matically during serial read for video refresh: 
However: if normal read operations do not use all 128 
chip rows within the memory, refresh cycles must be 
externally initiated. Data refreshing in N-Channel 
MOS RAMs is normally achieved by sequentially 
scanning the memory at the rate of 128 times each 2 
milliseconds. 

Interface 

INPUT/OUTPUT 
All in-5770 input/output signals are compatible with 
TTL integrated circuits. The input and output signal 
operations for the in-5770 are summarized in Tables 
2 and 3, respectively. 
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Table 2. in-5770 Input Signal Operations 

Signal 

Addresses 
(0-17) 

Card select 

Memory cycle 
start 

Bit mode 

Write 

Read-modify-write 

Plane select write 
mask 

Reliability 

Operation 

Controls address selection of 
both single bit data and parallel 
data on 18 bidirectional lines. 

Enables memory activity on 
card when low. 

Initiates memory cycle upon 
going from high to low. 

Indicates to memory, when low, 
that single bit write cycle or 
read-modify-write cycle is to be 
performed. Enables parallel 
operation when high. 

Initiates write operation when 
held low at beginning of 
memory cycle. 

Initiates read operation when 
held low at beginning of 
memory cycle. Initiates write 
operation after 90 ns delay. 
Writes user supplied data into 
location initially read out. 

Inhibits writing operation, 
when driven low during write or 
read-modify-write operation on 
data within given planes, on all 
data withi n that plane. 

Intel manufactures all the integrated circuit devices 
from which all Intel memory systems are produced. 
Because of this vertical integration, Intel controls the 
quality of its equipment from the beginning process 
of making the device through the final test and 
delivery of the system, thus assuring the users of 
products with proven quality and reliability. In addi­
tion all Intel memory systems products are covered 
by a one year Intel warranty. 

SPECIFICATIONS 

Storage Capacity 

256K x 4 bits, addressable as 64-bit words (16 bits 
per image plane), or as 4-bit words (1 bit per image 
plane) 

Word Length 

16 bits on the parallel bus per image plane 
1 bit on the single bit bus per image plane 
1 bit on the serial data bus per image plane 

Signal 

Clear mode 

Parallel read 
enable 

Video data load 
sync 

Video data serial 
clock sync 

Refresh mode 

Single bit write 
data (0-3) 

Parallel memory 
data (0-15) 

Operation 

Initiates write operation, when 
held low at beginning of cycle, 
of data on single bit write data 
lines into all 16 bits of ad­
dressed word. 

Enables, when low, readout of 
data onto 64 bidirectional lines. 

Enables, when low, parallel 
loading of shift registers for 
serial transfer out of video data 
during serial read operations. 

Clocks shift registers, upon 
going from low to high, for 
serial transfer out of video data 
during serial read operations. 

Initiates refresh cycle, when 
held low at beginning of 
memory cycle, on address loca­
tion specified by internal 
refresh counter. 

Transfers single bit write data 
to memory on four bidirec­
tional lines, 16 for each plane. 

Transfers parallel data to and 
from memory on 64 bidirec­
tionallines, 16 for each pla~ 

Table 3. in-5770 Output Signal Operations 

Signal I Operation 
Data available 

Single bit data 
(0-3) 

Serial video data 
(0-3) 

Performance 

CYCLE TIME 

Indicates to processor, upon 
going high at access time, that 
valid read data is available on 
data bus. 

Transfer single bit read data out I 
of memory on four unidirec-

tional lines. I 
Transfers serial video data out 
of memory on four unidirec­
tional lines. 

Read, Write, or Refresh: 450 ns max 
Read~Modify-Write: 780 ns max 

ACCESS TIME 
Parallel Data: 380 ns max 
Single Bit Data: 390 ns max 

RETENTION TIME 
2 ms max 
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SERIAL DATA RATE 
14.3 MHz max 

Operational Modes 

Parallel write (16 bits) 
Parallel read-modify-write (16 bits) 
Single bit write 
Single bit read-modify-write 
Parallel read (16 bits) 
Single bit read 
Serial read 
Clear mode write 
Memory refresh' 

Interface Characteristics 

CONNECTOR 
Two 80-pin double-sided PC edge, 0.125 in. centers, 
type SAE 8100 (Stanford Applied Engineering) or 
equivalent 

INPUT/OUTPUT 
TTL compatible (single ended) 

ADDRESS INPUT 
18 binary lines 

DATA INPUT 
Parallel Data: 64 bidirectional lines 
Single Bit Data: 4 unidirectional lines 

DATA OUTPUT 
Parallel Data: 64 bidirectional lines 
Single Bit Data: 4 unidirectional lines 
Serial Mode Data: 4.unidirectionallines 

CONTROL INPUT 
17 lines: memory cycle start, write, single bit mode, 
read-modify-write, card select, refresh, plane select 
write masks 0 through 3, clear mode, parallel read 
enable 0 through 3, serial data clock, serial data . 
load enable, video data load sync 

ORDERING INFORMATION 

Description 

CONTROL OUTPUT 
Data available 

Interface Signals 

INPUT 
Low .................... ...,1.0V to +0.8V @ 2 mA 
High .................. +2.2V to +5.5V @ 100 p,A 

OUTPUT 
Low ................... -0.5V to +0.5V @ 15inA 
High .................. +2.4V to +5.2V @ 200 p,A 

Physical Characteristics 

CARD 
Width ....................... 11.25 in. (28.58 cm) 
Length ........... , ............ 16 in. (40;64 cm) 
Weight ................... ; ........... 2 Ib (1 kg) 
MciuntingCenters ............ 0.625 in. (1.59 cm) 

Electrical Characteristics 

DC POWER REQUIREMENTS 

Voltage (±5%) Current (max) 

+12V 2.5A 
+5V 2.75A 
-5V 100 mA 

Environmental Requirements 

TEMPERATURE 
O°C to 55°C operating ambient 
-40°C to 125°C non-operating 

RELATIVE HUMIDITY 
Up to 90% non-condensing 

ALTITUDE 
10,000 ft max, operating 
40,000 ft max, non-operating 

COOLING 
200 linear ft per minute 

Model 

CM-5770-512 

Capacity 

256K x 4 512 x 512 x 4 video refresh memory system card 
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MU-5750 
VAX* 11/750, PDP* 11/70 ADD-IN MEMORY 

• Replaces DEC* MS750AA or MS750AB • Hardware/software compatible 

• 256K or 512K byte capacity • Supports battery backup 

• On-line/off-line switch 

The Intel® MU-5750 is an add-in memory board for use in the DEC' VAX' 11-750 or PDP' 11/70 computers and is 
functionally equivalent to DEC's own memory board. The VAX or PDP 11/70 memory subsystem provides all of 
the necessary control and timing for this memory board. No modification to the computer is necessary to use 
the MU"5750. An on-line/off-line switch is provided on-board to allow memory boards to be isolated for 
diagnostic purposes without being removed. 

The 256KB MU-5750 is a direct replacement for one DEC M8728 memory board (MS750AA) and the 512KB 
MU-5750 replaces two M8728 boards (MS750AB).Up to eight 256KB boards or up to four 512KB boards can be 
used to expand the VAX 11/750 memory capacity up to a full 2M bytes. Similarly, the MU-5750 can be used to 
expand the PDP 11/70 to its full capacity of 4M bytes. 

·DEC, PDp, and VAX are trademarks of Digital Equipment Corporation, Maynard, Massachusetts. 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i,lntel, INTEL, INTEL,LEC, MeS. 1m, ies, ICE, UPI, exp, iSBC, iSBX, 
Insite, iAMX, System 2000, CREDIT. iAMXl80, MULTI BUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MULTI MODULE, 8/i'1d the combination of MeS.ICE, iSBC. iRMX or 

ieS and a numerical suffix. © INTEL CORPORATION. 1981. 22 .. 27 A~~~O~~:1 



MU·5750 

Storage Capacity 
256K or 512K Eight-Bit Bytes 

Word Length 
32 Data Bits Plus 7 Error Check and Correction 
(ECC) Bits 

Speed 
Access Time ...... ; ........... 285 Nanoseconds 
Cycle Time .................... 350 Nanoseconds 

Operational Cycles 
Read, Write, By1e Write,lnitialize, Refresh 

Interface Characteristics 
-TTL Compatible 
-7 Chip Rowand Column Address Lines 
-13 Control Lines 

Electrical 
Model Voltage Standby Operating 
(KB) (Volts) Current Current 

(mA) (mA) 

256 +12 234.00 1540.50 
+5 2.60 1.59 
-5 7.80 13.70 

512 +12 46S:00 1774.50 
+12 3.10 3.12 
-5 15.60 25.35 

ORDERING INFORMATION 

Model 

MU-5750-256 
MU-5750-512 

Capacity 

256K eight-bit bytes 
512K eight-bit bytes 

Dimensions 
Length ........ , ................ 8.0 in. (20.3 cm) 
Height ....................... 15.69 in. (39.0 cm) 
Width .................... (256KB) One Card Slot 

(512KB) Two Card Slots 

Environment 
TEMPERATURE 
O°C to 50°C ..................... ; ..... Operating 
-40°C to 125°C .................. NoncOperating 

HUMIDITY 
Up to 90% Without Condensation 

ALTITUDE 
Up to 10,000 ft. (3,030m) .............. Operating 
Up to 50,000 ft. (15,150m) ......... Non-Operating 

RELIABILITY 

Intel tests each MU-5750 at elevated voltages and 
temperatures for a period proven to bring out most 
latent defects in semiconductor devices. This pro­
cess, together with temperature cycling, is designed 
to remove all potential failures before the memory 
card reaches the customer. Because of the 100% 
burn-in performed on each card, the user is assured 
of Intel's proven quality and reliability. This product 
is covered by a one-year warranty. 

Equivalent VAX 11/750 

MS750-AA (one M8728) 
MS750-AB (two M8728) 

Equivalent PDP 11/70 

(one M8728) 
MK11-CE (two M8728) 
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MU-S780 
VAX*-11/780 ADD-IN MEMORY CARD 

• Replaces DEC* MS780·DA, DB or DC • Equivalent to 1, 2 or 4 DEC M8210 
Memory Modules 

• 256KB,512KB or 1024KB Capacity • Complete Hardware and Software 
Compatibility 

• On·Line/Off·Line Switch • Supports Battery Back Up 

The Intel® MU·5780 Add·ln Memory Card is a 256KB, 512KB or 1024KB plug·compatible memory card 
designed for use in any DEC VAX·11/780 computer, to expand the MS780·C or MS780·CC basic VAX·11/780 
memories up to 4096K bytes (four megabytes). The MU·5780 operates at speeds controlled by the 
VAX·11/780 memory controller. Typical read cycle and access times are 530 and 250 nanoseconds respec· 
tively. All card components are hardware· and software·compatible with the VAX·11/780 computer. The 
MU·5780 can be installed without change or modification to either the computer or the memory module by 
plugging it into the proper memory bacl(plane slot. The MU·5780 measures 39.8 cm (15.7 inches) by 31.4 
cm(12.4 inches) and requires the same + 5VDC, - 5VDC, + 12VDC, and + 5VDC battery backup as the 
memory card it replaces. 

·VAX and DEC are registered trademarks of Digital Equipment Corporation. 

The following are trademarks of Intel Corporation and may be used only to identify Intel products: i, Intel, INTEL, INTELlEC, MeS, im. leS, ICE, UP!, BXP, iSBC, iSBX, INSITE, iRMX, 
CREDIT, RMXJ80.p.Scope, Multibus. PROMPT, Promware, Megachassis, Library Manager, MAIN MULTI MODULE, and the combination of MeS, ICE, sec. RMX or iCS and a numerical 
suffix; e.g., iSeC-SO. October 1981 

© Intel Corporation 1980 22-29 AFN·01734A 



MU-5780 

FUNCTIONAL DESCRIPTION 

The MU-57BO Add-In Memory Card consists of a 
single printed-circuit card designed to fit into the 
memory backplane of a DEC VAX-11/780. It contains 
all circuitry required for memory operation, 
including address-decoding circuits, memory­
control circuits, and a memory storage area. Allsys­
tem components are engineered to meet or exceed 
the specifications of similar DEC components. A 
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block diagram of the MU-5780 memory system is 
shown in Figure 1. 

Compatibility 

The MU-S780 can be operated with or in place of the 
DEC Model M8210 Semiconductor Array. It must be 
used in conjunction with the DEC M8213 Memory 
Controller, the M8212 Memory Data Path, and the 
M8214 Memory SBllnterface Boards. 
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Figure 1. MU-5780 Block Diagram 
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intel' MU-S7BO 

Capacity 

The MU-5780 is available in three configurations, 
256K bytes (MU-5780-256), 512 bytes (MU-5780-512) 
or 102.4K bytes (MU-5780-1 MB). The configurations 
are organized as 32K x 72 bits, 64K x 72 bits or 
128K x 72 bits. Each word contains 64 data bits 
and 8 check bits. The memory storage area con­
sists of either 72, 144, or 288, Intel 2121, 32K x 1 
dynamic memory IC's. 

Addressability 

The MU-5780 memory address circuitry consists of 
19 address inputs plus four slot-code bits supplied 
to the memory by the VAX computer. The four slot­
code bits are subtracted from the last four address 
bits (AAY ADA 16, 17, 18, and 19). Each subtraction 
selects a 256KB memory segment of the MU-5780 
installed in the addressed slot. 

An on-board multiplexer, under control of the MUX 
CNTAl command, applies seven address bits as row 
addresses, which select one of 128 rows on the 
memory modules, and seven column addresses, 
which select one of 128 columns on the memory 
modules. One address bit, 13, selects the memory 
bank. Figure 2 shows the address configuration. 

INSTALLATION 

The Intel'!') MU-5780 memory cards are installed in 
Slots 3 through 17 of the DEC MS-780 Memory 
System Backplane. Since some MU-5780s 'have a 
higher capacity than the DEC boards they replace, 
all memory slots may not be used in the MU-5780 
application. With the MU-5780 512 version, the 
first card is installed in the first vacant memory 
slot (17 or lower), and in every alternate slot. With 
the MU-5780 1MB version, the first card is install­
ed in the first vacant slot (17 or lower) and then in 
every fourth slot. Intel-supplied continuity boards 
must be installed in the empty slots between 
these MU-5780s. Continuity boards simulate the 
memory cards which would normally be installed 
in the slots and also direct air flow over the 
memory cards. 

Reliability 

Each MU-5780 is fully tested in a temperature­
cycling environment. Because of the 100% burn-in 
performed on each card, the user is assured of 
receiving Intel's proven quality and reliability. In 
addition, the MU-5780 is covered by a one-year Intel 
warranty. 

SELECTS 1 OF 128 COLUMNS ON THE 
MEMORY MODULE 

SELECTS 1 OF 128 ROWS ON THE 
MEMORY MODULE 

SELECTS EITHER BANK 0 OR BANK 1 OF 
THE MEMORY ARRAY 

PROVIDES 16 MEMORY CARD ADDRESSES 
57.CHloe EACH CARD ADDRESS SELECTS 256KB OF MEMORY 

Figure 2_ MU-S780 Address Configuration 
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intel' MU-S780 

SPECIFICATIONS 

Storage Capacity 

256KB .......................... MU·5780·256 
512KB ................... , ...... MU·5780·512 
1024KB ........................ MU·5780·1 MB 

Word Length 

64 data bits plus 8 check bits 

Performance (Cycle Times-Maximum) 

Read .......................... 600 nanoseconds 
Write .......................... 600 nanoseconds 
Initialize ....................... 600 nanoseconds 
Refresh ........................ 600 nanoseconds 

(Times shown are for the VAX memory controller. 
MU-5780 performance is 530 nanoseconds cycle 
time and 250 nanoseconds access time.) 

Operational Modes 

Read 
Write 

Refresh Rate 

Initialize 
Refresh 

14 microseconds 

ORDERING INFORMATION 

Part Number Capacity 

MU·5780·256 
MU·5780·512 
MU·5780·1MB 

256K Bytes 
512K Bytes 
1024K Bytes 

Description 

256KB, 32K x 72 
512KB, 64K x 72 
1024KB, 128K x 72 

Interface Characteristics 

Address Lines: 23 lines, including four slot 
code lines 

Data Inputs/Outputs: 72 bidirectional lines (64 
data lines, 8 ch~ck bit line~) 

Control Inputs: 

Power Requirement: 

Seven lines low-power 
Schottky . 

+5VDC, -5VDC, +12VDC, 
+5VDC battery backup 

Physical Characteristics 

Width .................... 39.8 cm (15.7 inches) 
Height, .. " .............. 31.4 cm (12.4 inches) 
Thickness .........•. '" , ......... One card slot 
Weight ..........• ; .......... 2.05 kilos (4.5 Ibs.) 

Environmental Characteristics 

TemperatLire: . O°C to 50", operating ambient 
-'40·C to +125°C, non­
operating 

Relative Humidity: Up t090o/ciWithout 
condensation 

Altitude: 3,030 meters (10,000 tt) 
maximum, operating 
15,151 meters (50,000 tt) . 
maximum, non-operating' 

Reference Manuals 

MU-S7BOAdd-ln Memory Card (supplied), 
112388 

Reference manuals are shipped with each product 
only if designated (see above). Manuals may be 
ordered from any Intel sales representative. 
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iSBC 254™ 
BUBBLE MEMORY BOARD 

• 128K Byte to 512K Byte Capacity on 
Single iSBCTM Board 

• 48MS Average Access Time 

• Low Power Consumption 
35 Watts for 512 KB Version 

• Non-Volatile Storage 

• Multiple I/O Modes, Including DMA 

• Driver Software for Operation with 
RMX 80/86 

The iSBC 254™ is a non-volatile memory utilizing the Intel 7110 one-megabit bubble memory element. The 
board is offered in three capacities: 128K, 256K, or 512K bytes. 

The iSBC 254 can be operated in three 110 modes: polled status, interrupt-driven, or DMA. The 128K byte ver­
sion can operate at a maximum transfer rate of 12.5K bytes per second. The multiple bubble elements of the 
256K byte and 512K byte versions can be accessed in parallel to achieve maximum transfer rates of 25K and 
50K bytes per second, respectively. 

The physical outline of the iSBC 254 is the standard 12 inch by 6.75 inch iSBC card format. The depth of the 
board, however, is 0.62 inches, requiring two normally spaced card slots for adequate mechanical clearance. 
Power requirements for the iSBC 254 are 4 Amps at +5 volts and 1.2 Amps at + 12 volts, maximum. 

The following are trademarks of Intel Corporation and may be used only to identify Intel products: i. Intel. INTEl,INTELLEC, MCS. 1m, leS, ICE, UP" exp, iSBe, ISeX, INSITe, IAMX, 
CREDIT, RMX/BO,JLScope, Multibus, PROMPT, Promware. Megachassis, Library Manager, MAIN MULTI MODULE, and the combination of MeS. ICE,SSC. AMXoriCSand a numerical 
suffix; e.g., iSBC-80. 

© Intel Corporation 1980 22-33 A~17_ 



iSBC 254™ BOARD 

OPERATIONAL DESCRIPTION 

Three distinct modes of operation relate to the trans­
fer of data. Each is briefly described below. 

Data Transfer 

In DMA (Direct Memory Access) Mode, the iSBC 254 
board utilizes the Intel 8257 DMA Controller, in con­
junction with the 7220 Bubble Memory Controller, to 
perform three distinct types of DMA operation: DMA 
Read, DMA Write, and DMA Verify. In a DMA Read 
operation, data is transferred from memory to the 
FIFO (first-in/first-out RAM) of the 7220 BMC(Bubble 
Memory Controller). In a DMA Write operation, data is 
transferred from the 7220 BMC FIFO to memory. In a 
DMA Verify operation, the iSBC 254 board gains con­
trol of the bus, but no actual transfer of data takes 
place. DMA Read and DMA Write operations are used 
for high-speed data transfers involving bus­
accessible memory; DMA Verify operations are 
typically used to maintain control of the system bus 
while verification tasks, suCh as checking newly ac­
quired data, are being performed. 

In Polled Mode, the CPU periodically checks the 
Status Register of the 7220 BMC. The Status Regis­
ter can indicate a variety of conditions, one of which 
is that the BMC FIFO is ready to receive data or that 
the FIFO contains data to be read. 

In ORO (Data Request) Mode, when the FIFO of the 
7220 BMC is half empty (during a write operation) or 
half full (during a read operation), the ORO pin 
becomes active and an interrupt is issued, signalling 
that data may be written (bus to iSBC 254 board) or 
read (iSBC 254 board to bus). 

Two distinct modes of operation relate to monitori ng 
the bubble memory board status (via the 7220 
Bubble Memory Controller). Each is briefly described 
below. 

Status Monitoring Modes 

In Interrupt Mode, a change in the 7220 BMC Status 
Register will cause an interrupt to occur, and the host 
processor will then look at that register to see what 
change has occurred. Any of the following may be 

indicated: the BMC sequencer is busy; an operation 
has been completed; an operation has failed; a 
timing error has ()ccurred; and/or a correctable, un­
correctable, or parity error has occurred. 

In Polled Mode, as described above under Data 
Transfer, the CPU periodically checks the Status.Reg­
ister of the 7220 BMC. The Status Register canilldi­
cate a variety of conditions: that the BMC Sequencer 
is busy; that an operation is complete; that an opera­
tion has failed; that a timingerror has occurred; that· 
a correctable, uncorrectable, or parity error has oc­
curred; or, in terms of data transfer, that the BMC 
FIFO is ready to receive data or that the FIFO con­
tains data to be read. 

SOFTWARE DESCRIPTION. 
The iSBC 254.boardcan run under either the 
iRMXl80 or the iRMXl86 operating system. 

Under the iRMXl80 operating system, the Bubble 
Manager (BMGR), a software task that runs with the 
iRMXl80 operating system, keeps track of free or 
available space • on the Magnetic Bubble Memory. 
Another task, Bubble I/O (BUBIO), controls all iSBC 
254 board operations. Bubble I/O can run with or 
without the Bubble Manager. 

Under the iRMXl86 operating system, the iSBC 254 
board is supported as an integral part of the I/O 
system software, which is part of the iRMXl86 operat­
ing system. (The iRMXl86 operating system device 
driver for the iSBC 254 board is linked with the I/O 
system software, whichis in turn linked with the 
iRMXJ86 . operating system.) Because the iRMXl86 
operating system provides convenient codes for per­
forming operations, because all devices "look" the 
same when running under this operating system, 
and because ofa variety of built-in features, the the 
iRMXl86 operating system provides great flexibility. 

Software programs on both single- and double­
density diskettes are provided with the iSBC 254 
board. EX-254 is a set of programs that 
demonstrates how to use.the various iSBC 254 board 
software commands. 
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inter iSBC 254™ BOARD 

7220 
BUBBLE MEMORY 

CONTROLLER 

MULTIBUS'" SYSTEM 
~ 

- EXPANSION 
INTERFACE 

1 

SPECIFICATIONS 

Figure 1. iSSC 254™ Board, Siock Diagram 

Connector 

Memory Size 

128K, 256K, or 512K bytes 

Interface 

All address, data, arid control signals are TTL­
compatible and Intel MULTIBUS system compatible. 

Electrical Characteristics 

D.C. Power 
+5 volts D.C. ±5%, 3.0A (max.) 

+ 12 volts D.C. ±5%, 1.4A (max.) 

Performance 

Rotating Field Rate: 50KHz 
Maximum Data Rate: 50K bytes/second 
Average Access Time: 48ms 

86-pin double-sided PC edge connector with 0.40 cm 
(0.156 in.) contact centers. 
Mating Connector: Control Data VFB01 E43DOA 1 or 
Viking 2VH43/1ANE5. 

Physical Characteristics 

Length: 30.48 cm (12 in.) 
Height: 17.15 cm (6.75 in.) 
Depth: 1.57 cm (0.62 in.) 
Nole: Because of its depth, the iSBC 254 board requires 

two card slots. 

Environment 

Board Operating Temperature: 0-55°C 

Equipment Supplied 

iSBC 254 Bubble Memory Board 
iSBC 254 Operation Manual 
iSBC 254 Software (single- and double-density 
diskettes) 
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iPAB 
PLUG-A-BUBBLE ™ 

MEMORY SYSTEM 

• Removable bubble memory cassette 

• 128K bytes storage capacity per 
cassette 

• Ruggedized cassettes 

• Optional interface to iSBX™ 
multi module bus 

• Automatic error correction 

• Non-volatile storage 

• Powerfail data protection 

• Write protection 

• Average access time of 48 ms 

• Burst data rate of 12.5K bytes per 
second 

• Designed to support DMA 

• Operates from standard +5Vand +12V 
power supplies 

• Low power consumption 

• Accommodates up to sixteen holders 
and cassettes 

The Plug-A-Bubble™ system (iPAB) is a bubble memory system designed for easy removal and replacement of 
media (bubble memory cassettes), similar to the removal and replacement of media (magnetic discs) in disc 
systems. 

The "media" of the iPAB system is a sturdy protective casing that contains a one-megabit bubble 
memory, support components, three LEOs, and discrete capacitors and resistors. The protective casing is 
designed to protect these devices from dust, shock, and other elements of an adverse environment. 

For users of single-board computers with the iSBX bus, an iSBX Multimodule interface card (MMI/O card) is 
available for generating the required signals for the cassette holder. 

iPAB is a bubble memory system and is therefore non-volatile memory. Like disc systems, the iPAB system has 
write protection (a switch on the cartridge holder-provides this); it also has powerfail protection. 

Below is a photo of the components that can make up an iPAB system. The photo shows: top left, standard cable 
(iPAB 0362); top cente;, chassis (iPAB 525); top rigtit (slightly lower), holder and cassette (iPAB 381); bottom 
left, Multimodule interface (MMI/O) card (iPAB 258); bottom right, cassette (iPAB 128). (For various con­
figurations of an iPAB system, see Figure 1.) 
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iPAB MEMORY SYSTEM 

GENERAL DESCRIPTION 

A Plug-A-Bubble™ iPAB system may be configured 
in various ways, depending on a user's needs, but 
common to every iPAB system is at least one iPAB 
cassette and one iPAB holder (iPAB 381). 

An iPAB cassette consists of a PC board with a one­
megabit bubble memory device, support compo­
nents including a controller, three LEDs, a number of 
discrete resistors and capacitors, and a protective 
casing that encloses the PC board and protects it 
from dust, shock, and other elements of an 
adverse environment. 

An iPAB cassette holder "holds" a cassette (a holder 
and a cassette are mated via a plug on the holder and 
a jack on the cassette); it also contains a jack for the 
required external signals to/from the holder. The 
holder provides logic for selection of the cassette, 
bidirectional circuitry for gating of data, and write 
protection logic. 

Variable components of an iPAB system are the 
standard data cable, (iPAB 0362), an MMI/O card 
(iPAB 258), a chassis (iPAB 525). (See Figure 1 for 
various user and iPAB system configurations.) 

The standard cable is shielded and 36 inches long. It 
comes with four connectors: Two are for connecting 
holders; one is for connecting the cable to an MMI/O 
card, if an MMI/O card is used, or to a user-supplied 
device that generates the required holder signals, if 
an MMI/O card is not used; and one is for connecting 
the end of the cable to a terminator card in the last 
holder. 

The MMilO card is an iSBX Multimodule interface 
card available for users with single-board computers 
with the iSBX bus. The function of this card is to 
generate, under control of the user's system, the 
required signals for the iPAB cassette holder(s). 
Without external power, a single MMI/O card can 
support two holders and cassettes; with external 
power, up to eight holders and cassettes can be 
supported. The MMI/O card contains: latches for the 
address lines that are used for iPAB cassette selec­
tion; data gating circuitry; parity generating cir­
cuitry; MMI/O status logic; circuitry for generating a 
wait signal for a DMA controller (not contained in the 
iPAB system) or the CPU; circuitry for generating the 
iPAB clock; and jumpers for selecting a variety of 
options. The MMI/O card comes with the standard 
cable described above. 

If the MMI/O card is not used, the user must generate 

the required signals for the iPAB cassette holder(s). 
Note that a holder has manual switch setting and 
address lines that allow the user to select anyone of 
sixteen different holders, so that with sufficient 
power a single iPAB system without an MMI/O card 
may support up to sixteen holders and cassettes. 

The iPAB chassis houses two iPAB holders. Its di­
mensions are 5.75 x 3.25 x 8.0 inches, so that it 
occupies the same space as a 5.25-inch floppy disc 
drive. 

COMMUNICATION 

Communication with individual iPAB cassettes is ac­
complished via reading/writing two I/O ports in the 
7220-1 Bubble Memory Controller (BMC). (The 7220-
1 BMC is one of the bubble memory support compo­
nents contained in the iPAB cassette.) These two 
ports allow access to a variety of registers in the 
7220-1 BMC, so that commands may be issued, 
status may be read, and a variety of parameters relat­
ing to bubble memory operation may be set. 

MODES OF OPERATION 

There are three possible modes of operating: Inter­
rupt Mode, Polled Mode, and DMA (Direct Memory 
Access) Mode. Interrupt Mode and Polled Mode are 
used both for data transfers and for monitoring 
status; DMA Mode, which requires some additional 
circuitry to implement, is used for data transfers only. 

In terms of data transfers, Interrupt Mode is imple­
mented by connecting the Data Request line to a 
host interrupt line, the Data Request line indicating, 
when active, that the FIFO of the 7220-1 Bubble· 
Memory Controller is half empty (during a write oper­
ation) or half full (during a read operation), and 
hence that service is required by the host processor. 
(The 7220-1 BMC FIFO is a First-In/First-Out register 
used as a data buffer between host and bubble 
memory.) In Polled Mode, the host processor periodi­
cally checks the status register of the 7220-1 BMC to 
determine whether service is required. With some 
additional circuitry, a third mode, DMA Mode, is pos­
sible. (The 7220-1 BMC has DMA handshaking capa­
bility for DMA transfers, but to implement this mode a 
user-supplied DMA controller is necessary.) 

In terms of monitoring cassette status, Interrupt 
Mode is implemented by connecting the 7220-1 BMC 
Interrupt (INT) line to a host interrupt line and setting 
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Figure 1. User iPAB Configurations/Options 
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Figure 2. IPAB System Overall Block Diagram (with optional MMI/O card) 
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iPAB MEMORY SYSTEM 

various bits in the enable register (Enable lCD, 
Enable RCD, and/or Interrupt Enable (Error) for error 
interrupts; Interrupt Enable (Normal) for an interrupt 
to occur at the completion of a task). Then either (or 
both) the completion of a task or the occurrence of 
an error will result in an interrupt. In Polled Mode, the' 
host processor periodically reads the 7220-1 BMC 
status register to determine if an operation has been 
completed or if an error has occurred. 

SOFTWARE 

Actual control of bubble memory operation is ac­
complished via reading or writing various registers 
in the 7220-1 Bubble Memory Controller as 
described above. But for most users it is convenient 
to talk to bubble memory in a higher-level language 
-or via a software "driver" that translates the 
higher-level language into the language of the 
bubble memory. 

For users with the iRMX/86 or iRMX/88 operating 
systems, who wish to perform data transfers in 
DMA Mode, iPAB software drivers are available as 
part of those operating systems. 

For users who want to write their own drivers, 
detailed instructions are provided in the iPAB 
technical manual (Part Number 112583) on how to 
program the registers for desired bubble memory 
operation, and technical support is available from 
the Intel Application group. 

For users wi.th Intel Microcomputer Development 
Systems, a Bubble Demo package is available on 
floppy disc, allowing users to read data from, and 
write data to, the bubble system; test its operation; 
read the bubble's bootloop; and test the iPAB's write 
protection switch. 

----------------------------------------------------------------------------------

SPECIFICATIONS Power Requirements 

Capacity per Cassette ............... 128K bytes Current 
Page Length ........... 68 bytes-ECC disabled; 

64 bytes-ECC enabled 
Number of Pages ......................... 2,048 

Voltage Holder Cassette 

VCC +5V ± 5% 280 ma 290 ma 

Rotating Field Rate ..................... 50 kHz VDD +12V ± 5% N/A 400 ma 

Date Rate .......... 12.5K bytes/sec. (burst rate) 
Average Access Time ..................... 48 ms 

Total Power Consumption 
PDM = 7.65W (Maximum) 
PDT = 5.1W (Typical) 

Environmental Specifications 
~. 

Environmental Parameter Specification 

Operating Temperature o to 55"C 
I---'-

Non·Operating Temperature (with Data Retention) -40 to +100"C 
--

Humidity (Without Condensation) o to 95% FRH 

Shock 30g over 11 ms with V2 sinewave shape 

Vibration 5 Hz to 15 Hz @ .50 inches double-amplitude 
displacement (.65g to 6g); 15 Hz to 2000 Hz@ 5g (.42 to 
.000025 inches double-amplitude displacement) 

Insertion Cycles 2000 
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ORDER INFORMATION 

Part Number 

iPAB381 

iPAB 128 

iPAB 258 

iPAB 525 

iPAB 0362 

Software 

Description 

Cassette holder (7.75" x 3.8" x 1") and one 128K byte cassette (6.1" x 3.6" x .81"). 
(Note: When fully inserted in the holder, the cassette extends 2.5" from the end of 
the holder into which it is inserted.) 

128K-byte bubble memory cassette. 

iSBX Multimodule interface card (MMI/O card). This comes with shielded 36" cable 
with connectors for two cassette holders. 

This is a 5.75" x 3.25" x 8.0" chassis housing two iPAB cassette holders. It 
occupies the same space as does a 5.25" floppy disc drive. 

Shielded 36'; cable with connectors for two cassette holders. 

iRMX™/86 iPAB Driver Comes with iRMX/86 software. 

iRMX/88 iPAB Driver Comes with iRMX/88 software. 

Bubble Demo This is also available from MSO Intel upon request (Order No. 113073-001). 
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iSBX 251™ 
MAGNETIC BUBBLE 

MULTIMODULETM BOARD 

iSBX™ bus compatible • Automatic error correction 

Capacity: 128K bytes • Operates from standard +5V and +12V 

Performance: power supplies 

-average access time: 48ms • Software compatibility with iRMXTM 
-burst data rate: 12.5K bytes/sec Operating System 

DMA compatibility • Power fail data protection 

Non-volatile storage • Low power consumption 

The Intel iSBX 251 magnetic bubble MUL TIMODULE board is a completely assembled and tested non-volatile 
memory based on the Intel 7110 one-megabit bubble memory. This board plugs into any Intel iSBC Single 
Board Computer equipped with an iSBX connector, providing immediate, high density storage. This arrange­
ment frees the MUL TIBUS for other traffic while the host iSBC board accesses the bubble memory. 

Support circuitry provides the user with a simple interface to the bubble memory. For instance, sixteen 
commands are available to transfer data and to view the operational status of the iSBX 251 board. Additionally, 
memory reliability is increased if the automatic Error Check and Correction (ECC) feature of the support 
circuitry is selected. 

The iSBX 251 board can be wired to transfer data in one of three modes: polled access, interrupt driven, and 
Direct Memory Access (DMA). The user may also select polled or interrupt driven access to the 7220-1 Status 
Register. Thus, the user can tailor the type of access to the individual application. 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel, INTEL, INTEL,LEG, MeS, 1m. leS, ICE, UPI. exp, isec, ,sex, 
Inslte, iRMX, System 2000, CREDIT, IRMXJ80, MULTI BUS, PROMPT, Promware, Megschassis, Library Manager, MAIN MULTI MODULE, and thecombioationof MeS, ICE, iSeC, iRMX or 
ieS and a numerical suffix. © INTEL CORPORATION. 1981. AUGUST 1981 
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SPECIFICATIONS 

Storage Capacity 
-128K Eight-Bit Bytes 
-2048 Pages 
-Page Length: 

64 bytes with ECC 
68 bytes without ECC 

Operational Modes 
Polled, Interrupt Driven, or DMA (with Host DMA 
Controller) 

Electrical Requirements 
D.C. power, supplied through iSBX connector: 
+5V ±5%,365 mA (max.) 
+12V ±5%,400 mA (max.) 

Performance 
Rotating Field Rate ...................... 50 KHZ 
Maximum Data Rate .............. 12.5K byte/sec 
Average Access Time ..................... 48 ms 

RELIABILITY 

Interface Requirements 
-TTL compatible 
-iSBX 251 male connector plugs into 36-pin or 

44-pin host female connector 
-Connector located per Intel iSBX Bus 

Specification (order number 142686) double 
wide form factor 

Physical Characteristics 
Width ......................... 7.24 cm (2.85 in.) 
Length ....................... 19.05 cm (7.50 in.) 
Height ....................... 2.53 cm (0.996 in.) 
Weight ...................... 362.9 gm (12.8 oz.) 

Environment 
Temperature: 
O°C to 60°C (32°F to 140°F) ............ Operating 
-40°C to 100°C (-40°F to 212°F) .. Non-Operating 

with Data Retention 

Relative Humidity: 
0% to 95% without condensation 

Intel tests each iSBX 251 board at elevated voltages and temperatures for a period proven to bring out most 
latent defects. This process, together with temperature cycling, is designed to remove all potential failures 
before the memory board reaches the customer. Because of the 100% burn-in performed on each board, the 
user is assured of Intel's proven quality and reliability. 

HOST Isac BOARD 
(WITH OPTIONAL DMA CONTROLLER) 

r------------------------l 
I 
I 
I 
I 
I 
I 
I 

Figure 1_ Block Diagram 
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INSITE™ 

PROGRAM LIBRARY 

• Programs for 8008, 8048, 8080, 8088 
and 8086 Processors 

• Accepted Program Submittals Entitle 
You to a Free Membership or Free 
Program Package 

• Diskettes, Paper Tapes, and Listings 
Available for Library Programs 

• Program Library Catalog Offering 
Hundreds of Programs 

• Updates of New Programs Sent During 
Subscription Period 

Insite, Intel's Software Index and Technology Exchange Library, is a collection of programs, subroutines, 
procedures, and macros written by users of Intel's microcomputers, single-board computers, and Intellec 
development systems. Thanks to customer contributions to Insite, Intel is able to make these programs 
available to all users of Intel microcomputers who are Library members. By taking advantage of the availa­
bility of these general-purpose routines, the microcomputer design engineer and programmer can save 
many hours of programming and debugging time. The library of programs also serves as a good learning 
tool for those unfamiliar with Intel assembly language or the high-level languages for Intel's family of 
microcomputers. 

Membership. Membership in Insite is available on an annual basis. Intel customers may become members 
through an accepted program contribution or membership fee. New members should use the membership 
form below. 

Program Sabmittals. The Insite Library is built on user submittals. Customers are encouraged to submit 
their programs. (Details and forms are available through the Insite Library.) For each accepted program, 
submittors will receive a choice of three free regular priced programs on diskette, three paper tapes, or a free 
membership with Insite. 

Program Library Service. PAPER TAPES, DISKETTES OR SOURCE LISTINGS are available for every 
program in Insite. Diskettes are available on single or double density. Membership is required to purchase 
programs. 

Insite ™ Program Library Catalog. Each member will be sent the Program Library Catalog consisting 
of an abstract for each program indicating the function of the routine, required hardware and software, and 
memory requirements. 

Insite members will be updated with abstracts of new programs submitted to the Library during the subscrip­
tion period. For catalog and yearly subscription fee please refer to the Intel OEM Price List or contact the 
nearest Intel Sales Office. 

The following are trademarks of Intel Corporation and may be used only to identify Intel products: Inslte, Intel, Intel, Intel!ec. ©Inlel Corporation 1981 

insite™ PROGRAM LIBRARY MEMBERSHIP FORM 
I am interested in becoming a member of Insite™ 

Enclosed is 0 Check or Money Order 0 Program Submittal 0 Purchase Order (Inside U.S. only) 

NAME: __________________ _ 

COMPANY: TELEPHONE: 

SHIP TO: 

SEND TO NEAREST LOCATION: 
North America: Intel Corporation, Insite Program Library MS 6-5000, Microcomputer Systems, 3065 Bowers, Santa Clara, California 95051, Ph. 
408·987.s080 

Europe: Intel International Corp. S.A., Insite Program Library, Rue du Moulin a Papier 51, Boite 1, 8-1160 Brussels, Belgium, Ph. 02-660-3010 

Orient: Inlel Japan K.K .• Insile Program library. Flowerhill·Shinmachi, Easl Bldg .. 1·23·9 Shinmachi, Selagaya-ku, Tokyo 154. Japan, Ph. 813-426-9261 
(PME & FSE). 813-426-9267 (CS & Fin.) 
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INSITE PROGRAM 
SUBMITTAL REQUIREMENTS 

Submittal Requirements 

Programs submitted for Insite review must follow the 
guidelines below: 

A. Programs must support Intel products 

B. Program submittals must be packaged to include: 

-Complete submittal form 

-Source listing (the output of a compila-
tion/assembly) 

-Well-documented source code and executable 
code furnished on ISIS-formatted diskette or 
ASCII-coded paper tape 

-Detailed instructions (step-by-step from 
source code compilation/assembly through 
program execution) 

-Test program demonstrating accurate opera­
tion and output 

C. Programs must be written in a language capable 
of compilation/assembly by the currently sup­
ported version of an Intel standard com­
piler/ assembler. Acceptable languages are 
documented in the following manuals (available 
through Intel's Literature Department): 

-MCS-48/UPI-41 Assembly Language Manual, 
Stock Number 305000 

-8080/8085 Assembly Language Programming 
Manual, Stock Number 401100 

.:....8086 Assembly Language Reference Manual, 
Stock Number 402105 

~BASIC-80 Reference Manual, Stock Number 
400710 

-ICIS-COBOL Language Reference Manual,. 
Stock Number 409115 

-Fortran-80 Programming Manual, Stock 
Number 400625 

-PUM-80 Programming· Manual, Stock Num­
ber 401700 

-PUM-86 Programming Manual, Stock Num­
ber 402325 

-Intellec Series III Microcomputer 
Development System Programmer's Refer­
ence Manual, Stock Number 404440 

-PASCAL-80 Language Reference Manual, 
Stock Number 400660 

Submittal Acknowledgement 

Program acceptance/rejection will be acknowledged 
through correspondence. Programs accepted by Insite 
become the property of the Insite Library. Programs 
rejected by Insite will be returned to the submittor with 
an explanation for the rejection. 
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Program 
Title 

Function 

Required 
Hardware 

Required 
Software 

Input 
Parameters 

Output 
Results 

o 8008 0 8048 0 8080/8085 0 Other 

Registers Modified: 

RAM Required: 

ROM Required: 

Maximum Subroutine Nesting Level: 

Assembler/Compiler Used: 

© Intel Corporation, 1978. 23-3 

(use additional sheets if necessary) 

Programmer: 

Company: 

Address: 

City: 

State: 
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DIGITAL RESEARCH INC. 
CP/M* 2.2 OPERATING SYSTEM 

• High-performance, single-console 
operating system 

• Simple, reliable file system matched to 
microcomputer resources 

• Table-driven architecture allows field 
reconfiguration to match a wide variety 
of disk capacities and needs 

• Extensive documentation covers all 
. facts of CP/M applications 

• General-purpose subroutines and 
table-driven data-access algorithms 
provide a truly universal data 
management system 

• Upward compatibility from all previous 
versions 

• More than 500 commercially available 
compatible software products 

CP/M 2.2 is a monitor control program for microcomputer system and application development using the Intel 
SOSO/SOSS-based microcomputer with IBM-compatible flexible disks for backup storage (see the CP/M-86* 
Operating System data sheet for information on CP/M for Intel SOS6/S0SS-based systems). CP/M provides a 
general environment for program construction, storage, and editing, along with the program assembly and 
check-out facilities. 

The CP/M monitor provides rapid access to programs through a comprehensive file management package. The 
file subsystem supports a named file structure, allowing dynamic allocation of file space as well as sequential 
and random file access. Using this file system, a large number of distinct programs can be stored in both 
source- and machine-executable form. 

CP/M also supports a powerful'context editor, Intel-compatible assembler, and debugger subsystems. Optional 
software includes a powerful Intel-compatible macro assembler, and a symbolic debugger, along with various 
high-level languages. 

FEATURES 

CP/M is logically divided into four distinct modules: 

810S-8asic I/O System 

-Provides primitive operations for access to disk 
drives and interface to standard peripherals 
(teletype, CRT, paper tape reader/punch, and user­
defined peripherals) 

-Allows user. modification for tailoring to a particu­
lar hardware envi ron ment 

BOOS-Basic Disk Operating System 

-Provides disk management for one to sixteen disk 
drives containing independent file directories 

-Implements disk allocation strategies for fully 
dynamic file construction and minimization of 
head movement across the disk 

24-1 

-Uses less than 4K Of memory 

-Makes programs transportable from system to 
system 

-Entry points include the following primitive 
operations which can be programmatically 
accessed: 

SEARCH Look for a particular disk file by 
name 

OPEN 

CLOSE 

Open a file for further operations 

Close a file after processing 

RENAME Change the name of a particular file 

READ Read a record from a particular file 

WRITE Write a record to a particular file 

SELECT Select a particular disk drive for 
further operations 
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CCP-Console Command Processor 

-Provides primary user interface byreading and 
interpreting commands entered through the 
console 

-Loads and transfers control to transient programs, 
such as assemblers, ~ditors, and debuggers 

-Processes built-in standard commands including: 

ERA Erase specified files 

DIR 

REN 

SAVE 

TYPE 

List file names in the directory 

Rename the specified file 

Save memory contents in a file 

Display the contents of a file on 
the console 

TPA-Transient Program Area 

-Holds programs which are loaded from the disk 
under command of the CCP 

-Programs created under CP/M can be checked out 
by loading and executing these programs in 
theTPA 

-User programs, loaded into the TPA, may use the 
CCP area for the. program's data area 

-Transient commands are specified in the same 
manner as built-in commands 

-Additional commands can be easily defined by the 
user 

-Defined transient commands include: 

PIP Peripheral Interchange Program 
-implements the basic media transfer 
operations necessary to load, print, 
punch, copy, and combine disk files; 
PIP also performs various 
reformatting and concatenation 
functions. Formatting options include 
parity-bit removal, case conversion, 
Intel hex file validation, subfile 
extraction, tab expansion, line number 
generation, and pagination 

ED Text Editor-,...allows creation and 
modification of ASCII files using 
extensive context editing commands: 
string substitution, string search, 
insert, delete and block move; ED 
allows text to be located by context, 
line number, or relative position with a 
macro command for making extensive 
text changes with a single command 
line 

24-2 

ASM Fast 8080 Assembler-uses standard 
Intel mnemonics and pseudo 
operations with free-format input, and 
conditional assembly features 

DDT Dynamic Debugging Tool-contains 
an integral assembler/disassembler 
module that lets the user patch and 
display memory in either assembler 
mnemonic or hexadecimal form and 
trace program execution with full 
register and status display; 
instructions can be executed between 
breakpoints in real-time, or run fully 
monitored, one instruction at a time 

SUBMIT Allows a group of CP/M commands to 
be batched together and submitted to 
the operating system by a single 
command 

STAT Lists the number of bytes of storage 
remaining on the currently logged 
disks, provides statistical information 
about particular files, and displays or 
alters device assignments 

LOAD Converts Intel hex format to absolute 
binary, ready for direct load and 
execution in the CP/M environment 

SYSGEN Creates new CP/M system.disks for 
back-up purposes 

MOVCPM Provides regeneration of CP/M 
systems for various memory 
configurations and works in 
conjunction with SYSGEN to provide 
additional copies of CP/M 

BENEFITS 

-Easy implementation on any computer configura­
tion which uses an Intel 8080/8085 Central Pro­
cessing Unit (see the CP/M-86 data sheet for CP/M 
applications on the iAPX86 CPU) 

-Extensive selection of CP/M-compatible programs 
allows production and" support of a comprehen­
sive software package at low cost 

-Easy migration path to timesharing systems with 
multiprogramming and multiterminal features 
(see the MP/M*, CP/NET*, and MP/NET* data 
sheets) 

-Field programmability for special-purpose operat­
ing system requirements 

-Upward compatibility from previous versions of 
CP/M release 1 
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-Provides field specification of one to sixteen logi­
cal drives, each containing up to eight megabytes 

-Files may contain up to 65,536 records of 128 bytes 
each but may not exceed the size of any single disk 

-Each disk is designed for 64 distinct files-more 
directory entries may be allocated if necessary 

SPECIFICATIONS 

Hardware Required 

Intellec Microcomputer Development System 
-Series II or 
-Model 800 

Optional: RAM up to 64K 

-additional floppy disk drives 
-Winchester disk drive 

Documentation Package 

Part Number 

121865 
and optional 

binder 
121864 

Title 

CP/M 2.2 documentation consisting 
of 7 manuals: 

An Introduction to CP/M Features 
and Facilities 

CP/M 2.2 User's Guide 
CP/M Assembler (ASM) User's 

Guide 
CP/M Dynamic Debugging Tool 

(DDT) User's Guide 
ED: A Context Editor for the CP/M 

Disk System User's Manual 
CP/M 2 Interface Guide 
CP/M 2 Alteration Guide 

An Intel Master Software License and Amendment required. 
·CP/M is a registered trademark of Digital Research, Inc. 

-Individual users are physically separated by user 
numbers, with facilities for file copy operations 
from one user area to another 

-Relative-record random-access functions provide 
direct access to any of the 65,536 records of an 
eight-megabyte file 

Shipping Media 

(Specify by Alpha Character when ordering.) 

A-single density (Intellec compatible, 
IBM 3740/1 format) 

Order Code Product Description 

Availability: January 1982 

·CP/M-BB, MP/M, CP/NET, and MP/NET are trademarks of Digital Research, Inc. 
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CP/M-86*OPERATING SYSTEM 

• High-performance, single-user 
operating system for 16-bit computers 
based on Intel's iAPX-86 (8086) and 
compatible iAPX-88 (8088) 
microprocessors 

• CP/M-86 files are completely 
compatible with versions of CP/M* used 
with Intel 8-bit 8080- and 808S-based 
microcomputer systems 

• Supports up to 16 logical drives, each 
containing up to eight megabytes for a 
total of 128 megabytes of on-line 
storage 

• CP/M-86 manages up to 1 Mbyte of on­
line RAM storage for full support of 
programs as large and. as powerful as 
those found on minicomputers 

• The standard CP/M-86 package 
includes an assembler, an interactive 
debugger, and additional utilities for 
complete program development 

CP/M-B6 is a single-user operating system designed especially for 16-bit computers based on the Intel iAPX-86 
(8086) and compatible iAPX-88 (80B8) microprocessors. The system fully utilizes the one megabyte (1,048,576 
bytes) of main memory available for application programs. 

CP/M-B6 occupies only 11 K of memory with a floppy disk-based I/O System occupying about 1 K, depending on 
the number of peripherals supported. The remainder of the 8086/B088 address space. may be defined by the 
user. Flexibility is provided by the system's ability to reside anywhere in memory, and it can be relocated by the 
user without changing the operating system. 

Because CP/M-86 files are completely compatible with CP/M for Intel 8-bit microprocessors, there is an easy 
upgrade of existing CP/M applications software to 16-bit iAPX-86 (8086)-based systems. 

FEATURES 

Major features of the CP/M-B6 operating system 
include: 

Modular Design 

Based on a proven, modular design, the system in­
cludes the: 

-CCP: Console Command Processor 
The CCP is the human interface to the operating 
system and performs decoding and execution of 
user commands 

-BOOS: Basic Disk Operating System 
The BOOS is the logical, invariant portion of the 
operating system; it supports a named file system 
with a maximum of 1610gical drives, containing up 
to 8 megabytes each for a potential of 128 
megabytes of on-line storage 

-BIOS: Basic Input/Output System 
The physical variant portion of the operating sys­
tem, BIOS contains the system-dependent in­
put/output device handlers 

CP/M Compatibility 

CP/M-B6 files are completely compatible with CP/M 
for 80BO- and 80B5-based microcomputer systems. 
This simplifies the conversions of software 
developed under CP/M and allows full advantage of 
16-bit 8086-based systems. 

The user will notice no significant difference be­
tween CP/M and CP/M-86. Commands such as OIR, 
TYPE, REN, ERA, PIp, ED, and STAT respond the 
same way in both systems. 
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CP/M-S6 uses the S086 registers corresponding to 
S080 registers for system call and return parameters 
to further simplify software transport. The execution 
environment in CP/M-86 allows code and data seg­
ments to overlap, making the mixture of code and 
data that often appears in 8-bit applications accept­
able to the 8086. 

File Management 

CP/M-86 can support up to 16 logical drives, each 
containing up to eight megabytes, for a maximum of 
1.2S megabytes of on-line storage. Anyone file can 
reach the full drive size, with space dynamically al­
located and released. Each device has a directory of 
file control blocks that map the physical location of 
each file on the disk. Disk definition tables in the 
BIOS translate this logical drive, directory, and file 
structure to the physical characteristics of the disk. 
This file system is identical to the file system of CP/M. 

Memory Management 

CP/M-S6 can reside anywhere in memory and is 
easily located to minimize dependence on absolute 
addresses. Multiple programs may reside in memory 
simultaneously. Also, a transient program may load 
additional programs for execution under its own con­
trol. Up to a total of 8 programs may use non­
contiguous memory areas which are managed 
through a user-defined memory configuration table. 

Basic I/O System (BIOS) Organization 

The distribution version of CP/M-86 is set up for oper­
ation with the Intel iSBC 86/12A and an Intel 204 
diskette controller. All hardware dependencies are, 
however, concentrated in subroutines which are col­
lectively referred to as the Basic I/O System, or BIOS. 
A CP/M-S6 system implementor can modify these 
subroutines to tailor CP/M-S6 to fit nearly any S086 or 
80S8 operating environment. 

To simplify the preparation of a custom BIOS, a 
source listing of a working BIOS, a skeleton for a 
custom module, and cross-development utilities are 
supplied. The cross-development programs allow 
development of custom BIOS and CP/M-86 applica­
tions software on an S-bit CP/M system. 

PROM Loader 

For users who have the iSBC S6/12 hardware con­
figuration, there is an optional PROM Loader. The 

firmware brings the CP/M-S6 loader into the system 
and sets up the hardware to initialize CP/M-S6. 

Utilities 

CP/M-86 is supplied with eight utilities: 

PIP 
The Peripheral Interchange Program provides file 
transfer between devices and disk files and performs 
various reformatting and concatenation functions. 
Formatting options include parity-bit removal, case 
conversion, Intel "hex" file validation, subfile extrac­
tion, tab expansion, line number generation, and 
pagination. 

ED 
The CP/M-86 Text Editor allows creation and modifi­
cation of ASCII files using extensive commands: 
string substitution, string search, insert and delete. 
ED allows text to be located by context, line number, 
or relative position with a macro command for mak­
ing extensive text changes with a single command 
line. 

ASM-86 
ASM-86, the CP/M-86 Assembler is an 8086 assem­
bler using standard Intel mnemonics. It also allows 
users to define unique instructions with the code­
macro facility. ASM-86 is supplied in two forms: an 
8086 cross assembler designed to run under CP/M 
(an 8-bit system), and an 8086 assembler designed to 
run under CP/M-S6. 

DDT-86 
The CP/M-86 Dynamic Debugging Tool allows the 
user to test and debug programs interactively in a 
CP/M-86 environment. The command set allows 
users to trace program execution with full register 
and status display. DDT-86 contains an integral as­
sembler/disassembler module that lets users patch 
and display memory in assembler mnemonic form. 

SUBMIT 
Allows a group of CP/M-86 commands to be batched 
together and submitted to the operating system by a 
single command. 

STAT 
Lists the number of bytes of storage remaining on 
the currently logged disks, provides statistical infor­
mation about particular files, and displays or alters 
device assignments. 

GENCMD and LMCMD 
GENCMD and LMCMD are used to produce CMD 
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memory image files suitable for execution under 
CP/M"86. The GENCMD, utility processes Intel files, 
which may be produced either by Digital Research's 
ASM-86 or by Intel's OH86 utility. LMCMD processes 
Intel L-module files resulting from the standard Intel 
LOC86 Object Code Relocator Utility. These com­
mands allow generatioh of new utilities. 

BENEFITS 

-Designed especially for full advantage of Intel 
iAPX-86/12A (8086)-based computer systems 

-Complete compatibility with versions of CP/M for 
Intel 8080/8085-based microcomputer systems 
makes it easy to upgrade existing CP/M applica­
tions software to preserve software investment 
(see the CP/M Operating System data sheet for 
additional' CP/M benefits) 

-Cross-development to'ols, including the ASM-86 
assembler and the GENCMD utility, can reside on a 
8080/8085-based CP/M system; with these tools, 
the programmer can assemble a custom BIOS pro­
gram and generate a loadable object file that runs 
on the target system 

-Proven modular design occupies a small amount 
of memory to give maximum user-defined space 

SPECIFICATIONS 

Hardware Required 

-iSBC 86/12A 
-iSBC204 
-CRT 

Optional: 

-upto 1 megabyte RAM 
-up to 16 disk drives (8 megabytes each) 

Documentation Package 

Part Number 
121866 

: . Description 

CP/M-86 system, program and 
user's guides 

An Intel Master Software License and Amendment required. 
'CP/M is a registered trademark of Digital Research, Inc. 
'CP/M-B6 is a trademark of Digital Research, Inc. 

for'application programs in the available one­
megabyte main memory. 

-Allows up to 128 megabytes of on-line magnetic 
storage 

-CP/M-86 manages up to 1 Mbyte of on-line RAM 
storage for full support of programs as large and 
as powerful as those found on minicomputers 

-Allows multiple programs in memory for transient 
program execution; multiple programs may use 
non-contiguous memory areas for application 
programs 

-ASM-86 and DDT-86 provide the basic tools for 
assembly language development and program 
debugging using the iAPX-86/12A (8086) micro­
processor 

-CP/M-86 is a complete system including the oper­
ating system and development tools; a 
comprehensive set of manuals describes system 
operation, customization, interfacing of applica­
tions programs, listings of sample programs, a.nd 
operation of the assembler, debugger, and editor 

~ The CP/M-86 package includes full documentation 
for the product; documentation is also available 
separately; a CP/M-86 PROM loader is available for 
.the Intel SinglecBoardComputer 

Shipping Media 

(Specify by Alpha .Character when ordering.) 

A- Single Density (Intellec compatible, 
IBM 3740/1 format) 

Order Code Description 

Availability: January 1982 
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SOFTWARE PACKAGE 

• Includes the MACRO-80 macro 
assembler, L1NK-80 linking loader, and 
CREF-80 cross-reference facility 

• Supports a complete, Intel-standard 
MACRO facility, including IRP, IRPC, 
REPEAT, local variables, and EXITM 

• Supports conditional assembly, 
including testing of assembly pass, 
symbol definition, and parameters to 
MACROs 

• Code is assembled in relocatable 
modules for easy manipulation by the 
L1NK-80 linking loader 

• Assembly rate of over 1000 lines per 
minute 

• Provides "big computer" assembler 
features without sacrificing speed or 
memory space 

• Provides a complete set of listing 
controls 

• L1NK-80 loads relocatable modules at 
user-specified locations 

• CREF-80 cross-reference facility 
alphabetizes program variables and 
shows where each is defined and 
referenced 

The Microsoft Utility Software Package is a complete system for developing assembly language programs, 
routines, and subroutines. The Utility Software Package includes the MACRO-BO macro assembler, the LlNK-BO 
linking loader, and the CREF-BO cross-reference facility. The CP/M" version also includes the LlB-BO Library 
Manager. 

The Utility Software Package is supplied with all Microsoft compilers to provide assembly language subroutine 
support to main programs in the high-level programming languages. The LlNK-BO linking loader is used 
by all Microsoft compilers for linking and loading compiled relocatable modules. Thus, LlNK-BO allows the 
programmer to link together relocatable modules from different Microsoft languages. 

FEATURES 

MACRO-80 Macro Assembler 

MACRO-BO incorporates almost all "big computer" 
assembler features without sacrificing speed or 
memory space. The assembler supports a complete, 
Intel-standard macro facility, including IRP, IRPC, 
REPEAT, local variables, and EXITM. Macro names 
take precedence over instruction mnemonics and 
pseudo operations. Nesting of macros is limited only 
by memory. Code is assembled in relocatable 
modules that are easily manipulated with the flexible 
linking loader. Conditional assembly capability is 
greatly enhanced by an expanded set of conditional 
pseudo operations that include testing of assembly 
pass, symbol definition, and parameters to macros. 
Conditionals may be nested up to 255 levels. 

More MACRO-BO features: 

-Comment blocks 

-Variable input radix from base 2 to base 16 

-Octal or hex listings 

-INCLUDE statement assembles an alternate 
source file into the current program 

-PRINTX statement for printing assembly or 
diagnostic messages 

-PHASE/DE PHASE statements allow code to 
reside in one area of memory but execute in 
another 

-Complete set of listing controls 
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LINK-SO Linking Loader 

With LlNK-80, any number of programs may be 
loaded with one command, relocatable modules may 
be loaded in user-specified locations, and external 
references between modules are resolved automati­
cally by the loader. The loader also performs library 
searches for system subroutines and generates a 
memory load map showing the locations of the main 
program and subroutines. 

SPECIFICATIONS 

Operating Environment 

MACRO-80 resides in approximately 19K bytes of 
memory. LlNK-80 resides in approximately 14K bytes 
of memory. CREF-80 requires about 6K bytes. The 
MACRO-80 Utility Software Package is compatible 
with the CP/M' operating system. 

Required Hardware 

Intellec® Microcomputer Development System 

-Model 800 or 
-Series II 
-minimum of 1 diskette drive 

Required Software 

CP/M Operating System or MP/M-W Operating 
System. 

ORDERING INFORMATION 

CREF-80 Cross-Reference Facility 

The Cross-Reference Facility that is included with the 
Utility Software Package supplies a convenient al­
phabetic list of all program variable names, along 
with line numbers where they are referenced and 
defined. 

Documentation Package 

One copy of each manual is supplied with the 
software package. Additional copies are available. 

Part Number Description 

121797 Microsoft Utility Software Manual 

Shipping Media 

(Specify by Alpha Character when ordering.) 

A-Single Density (Intellec® compatible, 
IBM 3740/1 format) 

B-Double Density (Intellec® compatible, 
M2FM format) 

Description Order Code 

SD106CPM80A 

SC106CPM80B 

Microsoft MACRO-80 Utility Software Package, CP/M version (Single-Density Diskette) 

Microsoft MACRO-80 Utility Software Package, CP/M version (Double-Density Diskette) 

An Intel Master Software License and Amendment required. 
'Microsoft is a trademark of Microsoft, Inc. 
'CP/M is a registered trademark of Digital Research. Inc. 
'MP/M-II is a trademark of Digital Research, Inc. 
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MICROSOFT* BASIC-SO INTERPRETER 
SOFTWARE PACKAGE 

II Compatible with other Microsoft BASIC 
compilers and interpreters 

II Sophisticated string handling and 
structured programming features for 
applications development 

II Direct transfer of BASIC programs to 
the 8085, 8086 and 8088 

II Random and sequential file 
manipulation where random file record 
length is user-definable 

II Read or write memory location 
capabilities 

II Meets the requirements for the ANSI 
subset standard for BASIC, and 
supports many enhancements 

II Extensive text editing features built-in 

II Automatic line number generation and 
renumbering 

II Supports assembly language 
subroutine calls 

II Trace facilities for easier debugging 

BASIC Release 5.0 from Microsoft is an extensive implementation of BASIC. Microsoft BASIC gives users what 
they want from a BASIC-ease of use plus the features that are comparable to a minicomputer or large 
mainframe. 

BASIC-80 meets the requirements ·for the ANSI subset standard for BASIC, as set forth in document BSRX3.60-
1978. It supports many unique features rarely found in other BASICs. 

FEATURES 

-Four variable types: Integer (-32768, +32767), 
String (up to 255 characters), Single-Precision 
Floating Point (7 digits), Double-Precision 
Floating Point (16 digits). 

-Trace facilities (TRON/TROFF) for easier 
debugging. 

-Error trapping using the ON ERROR GOTO 
statement. 

-PEEK and POKE statements to read or write any 
memory location. 

-Automatic line number generation and 
renumbering, including reference line numbers. 

-Matrices with up to 255 dimensions. 

-Boolean operators OR, AND, NOT, XOR, EQV, 
IMP. 
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-Formatted output using the PRINT USING facility, 
including asterisk fill, floating dollar sign, 
scientific notation, trailing sign, and comma 
insertion. 

-Direct access to I/O ports with the INP and OUT 
functions. 

-Extensive program editing facilities via EDIT 
command and EDIT mode subcommands. 

-Assembly language subroutine calls (up to 10 per 
program) are supported. 

-IF/THEN/ELSE and nested IF/THEN/ELSE 
constructs. 

-Supports variable-length random and sequential 
disk files with a complete set of file manipulation 
statements: OPEN, CLOSE, GET, PUT, KILL, 
NAME, MERGE. 
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BASIC·SO INTERPRETER 

BASIC·SO Commands, Statements, 
Functions 

AUTO RENUM NAME 
LIST WIDTH SAVE 
NULL CO NT EDIT 
TROFF MERGE NEW 
CLEAR RUN TRON 
LOAD DELETE 

Program Statements 

CALL RANDOMIZE RETURN 
GOSUB COMMON WAIT 
END DEF FN ON GOSUB 
GOTO ERROR DIM 
STOP POKE FOR/NEXT/ 
WHILE/ RESUME STEP 

WEND SWAP IF/THEN/ 
CHAIN DEFDBL ELSE 
DEF USR DEFSTR ON ERROR 
LET DEFSNG GOTO 
REM DEFINT OPTION BASE 

Input/Output Statements and Functions 

CLOSE GET NAME 
KILL POS PUT 
OUT FIELD EOF 
RESTORE LSET/RSET SPC 
READ PRINT INKEY$ 
TAB USING INPUT 
DATA LOC OPEN 
LINE MKI$ CVD 

INPUT MKS$ CVI 
PRINT MKD$ CVS 
WRITE LLiST 
LPRINT LPOS 

SPECIFICATIONS 

Operating Environment 

The standard disk version of Microsoft BASIC-80 oc­
cupies 24K bytes of memory. Microsoft BASIC-80 
Interpreter is compatible with the CP/M* operating 
system. 

Required Hardware 

Intellec Microcomputer Development System 

-Model 800 or 
-Series II 
-minimum of 1 diskette drive 

Arithmetic Functions 

ABS SIN LOG 
INT CDBL FIX 
SGN CSNG COS 
ATN CINT RND 
EXP SQR TAN 

String Functions 

ASC STR$ INSTR 
LEN HEX$ RIGHT$ 
STRING$ OCT$ MID$ 
CHR$ VAL SPACE$ 
LEFT$ 

Operators 

XOR 
1\ <= NOT 
< + EQV 
> <> MOD 

\ IMP 
>= OR 

AND 

Special Functions 

ERL ERR VARPTR 
USR FRE PEEK 

Required Software 

CP/M Operating System or MP/M-II* Operating 
System. 

Documentation Package 

One copy of each manual is supplied with the 
software package. Additional copies are available. 

Part Number Description 
121806 BASIC-80 Reference Manual 
121857 BASIC Reference Book 
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MICROSOFT* COBOL-SO 
SOFTWARE PACKAGE 

• GSA validation at low-intermediate 
level implementation of ANSI 74 
requirements 

• Combines the most useful Level 1 and 
Level 2 ANSI 74 features, making it the 
most extensive implementation of 
COBOL for microcomputers 

• Interactive accept/display features 
allow direct interaction between data, 
program and operator 

• Highly efficient pseudo-code compiler 
produces compact, fast code 

• Complete utility software package, 
including macro assembler, linking 
loader, and MICROSOFT M/SORT 

• Tailorable screen-formatting facilities 
allow configuration to any intelligent 
terminal for menu and forms 
generation 

• COBOL offers four kinds of files for 
simplicity and speed in data retrieval 

COBOL has been the language of choice for commercial data processing for over two decades, and because of 
its established superiority, more useful business software has been written in COBOL than in any other 
language. That means quality, full-function packages, many written by the field's foremost experts, are available 
now. Existing systems for payroll, accounts receivable, general ledger, inventory, order entry, and forecasting 
can run under Microsoft COBOL-80. 

COBOL offers the flexibility that makes products adaptable, versatile, and available to thousands of microcom­
puter users. COBOL-80 not only retains the high-level features of standard COBOL, but also introduces 
superior interactive capabilities and user-oriented features which represent a major advance in the commercial 
use of COBOL. With COBOL-80, direct interaction between data, program, and operator becomes possible. The 
immediate acknowledgement or rejection of user-entered data facilitates equally immediate corrections and 
modifications. 

FEATURES 

COBOL-80 ANSI Standard 
and GSA Validated 

Because COBOL is so widely used, assurances of 
compatibility and portability are important to all 
users. The American National Standards Institute 
has established guidelines which provide a basis for 
making informed comparisons of different COBOL 
compilers. Elements of the COBOL language are al­
located to twelve different functional processing 
modules, .at two different levels. Microsoft COBOL 
combines the most useful Level 1 and Level 2 
features. 

The United States government, through the General 
Services Administration (GSA), tests COBOL com­
pilers to validate their compatibility and their imple­
mentation of the ANSI 74 standard. Microsoft 
COBOL for the CP/M operating system has been 
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validated by GSA as a low-intermediate implementa­
tion of the ANSI 74 standard. Microsoft COBOL is 
approved for federal government installations, plus 
you have assurance that Microsoft COBOL will per­
form to specifications. 

COBOL-80 supports such special features as: 

Advanced verbs: 
STRING, UNSTRING, COMPUTE, SEARCH, 
PERFORM (VARYING/UNTIL) 

Abbreviated and compound conditions 
Sequential, Relative, and Indexed files 
ASCII, packed and binary data formats 
Runtime assignment of file names 
Full COPY facility 
Line Sequential files 
Trace style debugging 
COMP-3 data format 
Program CHAIN 
Program Segmentation 
Formatted screen ACCEPT/DISPLAY 

with a single command 



infel' MICROSOFT 
COBOL·SO 

Program Structuring 

COBOL's unique suitability to the business environ­
ment is due in large part to the structuring capabili­
ties built into the language. COBOL-80 programs 
have a natural, logical organization which reflects 
the nature of commercial data. This efficient, clean, 
top-down design makes COBOL-80 programs faster 
to write and easier to maintain than those written in 
other computer languages. 

OOOO-MAIN-LiNE. 
PERFORM 1000-INITIALIZE. 
PERFORM 2000-ENTER ORDER 

UNTIL END-SESSION. 
IF REPORT-REQUIRED 

PERFORM 3000-PRINT SUMMARY. 
PERFORM 4000-TERMINATE. 
CHAIN "MAINMENU". 

1 ODD-INITIALIZE. 
DISPLAY SIGN-ON-SCREEN. 
ACCEPT SIGN-ON-SCREEN. 
PERFORM 1100-CHECK-SECURITY-CODE. 
MOVE ZERO TO ORDER-COUNT 

ERROR-CODE. 
SESSION-TOTAL. 

Data Structuring 

The data in COBOL programs is arranged hierarchi­
cally. Information is stored in a logical structure with 
direct interconnection between related pieces of 
data. (Note here how COBOL's PICTURE specifica­
tion allows exact decimal arithmetic for precise 
representation of any dollar amount.) 

05 TRANSACTION 
10 TRAN-REF. 
10TRAN-DATE. 

15TRAN-MM 
15TRAN-DD 
15 TRAN-YY 

10 POST-DATE. 
15 POST-MM 
15 POST-DO 
15 POST-YY 

10 TRAN-AMOUNT 
10 TRAN-AMOUNT 

PIC X(12). 

PIC XX. 
PIC XX. 
PIC XX. 

PIC XX. 
PIC XX. 
PIC XX. 
PIC S9(8)V99. 
PICX(4). 

Once this structure has been coded it can be stored 
in a file and used in any program. Only one statement 
is needed to retrieve it: COPY TRANSDEF.COB. 

COBOL-80 obviates the need to recode every pro­
gram in a system when a single definition is added or 

changed. Any chance of inconsistencies between 
programs is eliminated. At execution, each item in a 
COBOL-80 data structure may be referenced individ­
ually, or grouped items may be manipulated as easily. 
Processing code accesses the structure at any ap­
propriate level: 

MOVE JOURNAL-TRAN TOTRANSACTION. 
MOVE CURRENT-DATE TO POST-DATE. 
IF TRANS-AMOUNT <0 

MOVE TRANSACTION TO CR-TRAN. 
ELSE 

MOVE TRANSACTION TO DB-TRAN. 

Screen Handling 

COBOL's move from the batch environment to on!!;-,,:; 
applications has brought a new emphasi"ls to the 
interaction between the application and the terminal 
operator. COBOL-80 provides a SCREEN SECTION 
for the definition of formatted screens. Special syn­
tax is available for cursor positioning, protected and 
unprotected fields, highlighting, full and partial 
screen erase, and for defining connections between 
fields defined on the screen and data source! 
destination fields in WORKING-STORAGE. Data 
entry forms, menus, reports and other screens are 
ACCEPTed or DISPLAYed with a single command, so 
coding is simple. At execution time, related data 
items can be keyed, viewed together, and corrected 
before being entered into the program. 

COBOL-80's screen handling facilities are Data Gen­
eral compatible, and learning to use the features is 
easy. Data descriptions are generally of the same 
form as in other sections of the Data Division. The 
screen section allows full screen descriptions with­
out forcing allocation of WORKING-STORAGE space 
for unused portions of the screen. 

On output, COBOL's extensive formatting capabili­
ties provide neat, precise reports with minimal effort. 

Program Chaining 

COBOL-80's CHAIN verb facilitates interactiVe sys­
tems. Any number of separately coded applications 
or application segments can be reached through a 
main menu. These menU-driven applications which 
make ideal use of COBOL-80's interactive capabili­
ties, allow smooth transfer of control from one pro­
gram to another. With CHAIN, control is transferred 
from the menu program to any executable module as 
specified at runtime. COBOL-80 programs can also 
CALL COBOL-80 subprograms or Microsoft 
FORTRAN-80 or assembly language subroutines. 
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File Handling 

COBOL-BO aims for simplicity and speed in data 
retrieval. COBOL-BO offers four kinds of files, so data 
storage can aptly correspond to the application for 
which it will be used. Each file type has unique 
characteristics: 

Sequential 

Line Sequential 

Relative 

The fastest possible 
access to test, packed, 
and binary data in any 
combination. 

Text data in line format. 
Compatible with the files 
generated by many text 
editors. 

Random access by record 
number. Direct disk 
access makes relative files 
extremely fast, yet data 
can be accessed in any 
sequence, deleted or 
updated interactively, and 
cross-referenced by key 
across files. 

Microsoft COBOL-80 and 
the ANSI Standard 

Module 

Nucleus 

Features of 
Microsoft COBOL 

All of Level 1, plus these 
features of Level 2: 

CONDITIONS: 
Level BB conditions 

with value series or range 
Use of logical 

AND/OR/NOT in 
conditions 

Use of algebraic 
relational symbols 
«,>,=) 

Implied subject, or 
both subject and 
relation, in relational 
conditions 

Sign Test 
Nested IF statements; 

parentheses in 
conditions 

Indexed Sequential 

Segmentation 

The most powerful data 
access method available 
from any data processing 
language in any environ­
ment. A field within each 
record is chosen as a 
key, and the value of this 
key identifies a record to 
be read, written, 
updated, or deleted. 

COBOL-BO's program segmentation capability 
makes maximum use of memory when large pro­
grams are executed. Segmentation brings individual 
program sections into memory as they are needed. 
This allows execution of programs whose size may 
exceed machine memory by several times. Program 
segmentation is easily implemented by assigning a 
single number to each program section which indi­
cates whether the section is to be resident in memory 
or overlaid during execution. Any section to be over­
laid is automatically read into a preallocated section 
of memory during execution. 

VERBS: 
Extensions to the 

functions of ACCEPT 
and DISPLAY for 
formatted screen 
handling 

ACCEPTance of data 
from DATE/DAY/TIME 

STRING and 
UNSTRING statements 

COMPUTE with 
multiple receiving 
fields 

PERFORM VARYING 

IDENTIFIERS: 
Mnemonic-names for 

ACCEPT or DISPLAY 
devices 

Procedure-names 
consisting of digits 
only 

Qualification of names 
(in Procedure Division 
statements only) 
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Sequential, All of Level 1 plus these 
Relative, features of Level 2: 
and Indexed 1/0 

RESERVE clause 
Multiple operands in 

OPEN & CLOSE, with 
individual options per file 

Value of FILE-ID is data-
name 

Sequential 1/0 EXTEND mode for OPEN 
WRITE ADVANCING data 

name lines 
LINAGE phrase and AT 

END-OF-PAGE clause 

Relative and DYNAMIC access mode 
Indexed 1/0 (with READ NEXT) 

START (with key 
relationals EQUAL, 
GREATER, or NOT LESS) 

Utility Software Package 

COBOL-80 includes the Microsoft Utility Software 
Package. The Utility Software Package includes the 
MACRO-80 macro assembler, the L1NK-80 linking 
loader, and the CREF-80 Cross-Reference Facility. 
Refer to the description of the Utility Software Pack­
age for full details. 

M/SORT 

The COBOL-h'osted version of M/SORT (M/SORT-C) 
is a record-sorting facility available to the program­
mer through the 1974 ANSI COBOL SORT/MERGE 

SPECIFICATIONS 

Operating Environment 

COBOL-80 requires about 40K bytes of user memory 
in addition to the operating system's space. COBOL 
object programs will run on systems as small as 32K 
bytes. 

Required Hardware 

Intellec Microcomputer Development System 

-Model 800 or 
-Series II 
-minimum of 1 diskette drive 

Library Level 1 

Inter-Program Level 1 
Communication 

Table Handling All of Level 1 
Full Level 2 formats for 

SEARCH statement 

Debugging Special extensions to 
ANSI-74 Standard 
providing convenient 
trace style debugging. 

Conditional Compilation: 
lines with "D in column 
7" are bypassed unless 
"WITH DEBUGGING 
MODE" is given in 
SOURCE-COMPUTER 
paragraph. 

Segmentation Level 1 

statements. For M/SORT-C, the source of the input 
records may be one or a set of disk files; or, records 
may be constructed in memory by a user-written 
COBOL procedure and RELEASED to M/SORTone at 
a time. 

Similarly, the sorted output records may be automati­
cally written to a disk file; or, records may be left in 
memory for processing by a user-written OUTPUT 
PROCEDURE within the COBOL program. M/SORT­
C can load an indexed sequential file. 

M/SORT-C provides for a special SORT STATUS reg­
ister which can collect and return any errors 
encountered during a sort. 

Required Software 

CP/M' Operating System or MP/M-II' Operating 
System. 

Documentation Package 

One copy of each manual is provided with the 
software package. Additional copies may be or­
dered. 

Part Number 
121801 
121802 
121797 
121862 

Description 
COBOL-80 Reference Manual 
COBOL-80 User's Guide 
Microsoft Utility Software Manual 
M{SORT Reference Manual 
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SOFTWARE PACKAGE 

• Full ANSI standard FORTRAN X3.9-1966 
(except the complex data type) 

• Provides numerous enhancements to 
the 1966 ANSI standard 

• Compiles several hundred statements 
per minute in a single pass 

• Optimizes the generated object code by 
common subexpression, elimination, 
peep hold optimization, constant 
folding, and branch optimizations 

• Provides diagnostic output: descriptive 
error messages, error summaries, and 
fully symbolic listings of generated 
machine language 

• Supplies an extensive library of 
efficient subroutines 

• Supports user-written non-standard I/O 
drivers for each logical unit number to 
interface non-standard devices to 
FORTRAN programs 

Microsoft FORTRAN-80 brings the most popular science and engineering programming language to 8080/8085 
microcomputers. FORTRAN-80 is comparable to FORTRAN compilers on large mainframes and minicomputers. 
The FORTRAN-80 package includes full ANSI Standard FORTRAN X3.9-1966 except the COMPLEX data type. 
With this compiler, users may take advantage of many applications programs already written in FORTRAN. 

FEATURES 

FORTRAN-80 enbances the 1966 ANSI Standard in 
several ways· 

-Sin,Q1'e-byte LOGICAL variables which can be 
LiSed as integer quantities in the range + 127 
to -127. 

-DO loops which use LOGICAL variables for 
tighter, faster execution of small loops. 

-Mixed-mode arithmetic expressions. 

-Hexadecimal constants. 

-Hollerith (character) literals accepted. 

-Logical operations on integer data .. AND., .OR., 
.NOT., .x0R., can be used for 8-bit, 16-bit, or 
32-bit Boolean operations. 

-READ/WRITE End-of-File or Error-Condition 
transfer. END=n and ERR=n (where n is the 

statement number) can be included in READ 
or WRITE statements to transfer control to the 
statement specified by n when an error or end-of­
fi Ie is detected. 

-ENCODE/DECODE for FORMAT operations to 
memory. 

-IMPLICIT statement for redefining default 
variable types by specifying a type and a range of 
initial letters. 

-INCLUDE statement for including commonly used 
subroutines, code, or declarations from another 
file. 

-INTEGER'4 variables and constants using 32 bits 
in the range of +2,147,483,647 to -2,147,483,648. 

-Support for CP/M' version 2.x providing access 
to a maximum of 65,535 random records in a file 
as large as 8 megabytes. 
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COMPILER DESCRIPTION 

FORTRAN-80 compiles several hundred statements 
per minute in a single pass. It requires no more 
than 27K bytes of memory to compile most 
programs. Additional memory, when available, is 
used for symbol table storage and optimizations. 
Compiled programs are relocatable modules that 
are linked and loaded at runtime. 

The FORTRAN-80 compiler optimizes generated 
object code in several ways: 

Common Subexpression Elimination 
Common subexpressions are evaluated once; 
the value is automatically substituted in 
subsequent occurrences of the subexpression. 

Peephole Optimization 
In special cases, small sections of code can 
be replaced by more compact code. 
Example: 1=1+1 uses an INX H instruction 
instead of a DAD. 

Constant Folding 
Integer constant expressions are evaluated at 
compile time. 

Branch Optimizations 
The number of conditional jumps in 
arithmetic and 10gicailFs is minimized. 

The compiler also provides diagnostic output. 
Descriptive error messages include the preceding 
twenty characters. At program's end, the compiler 
generates an error summary. A fully symbolic listing 
of the generated machine language is also produced. 
This is supplemented by tables of addresses assigned 
to labels, variables, and constants. 

SPECIFICATIONS 

Operating Environment 

The FORTRAN-80 compiler occupies approximately 
24K bytes of memory, using the CP/M operating sys­
tem. Most programs can be compiled within 27K 
bytes of additional memory. At link time, the LlNK-80 
linking loader occupies about 14K bytes. The Run­
time Library requires 2K-14K bytes, depending on the 
type of program being run. 

Subroutine Library 

FORTRAN-80 supplies an extensive library of effi­
cient subroutines. Only the necessary subroutines 
are loaded by the linker at load time. The FORTRAN 
library includes the following Intrinsic Functions: 

ABS DATAN DSIN MAX1 
AINT DATAN2 DSORT MIND 
ALOG DBLE EXP MIN1 
ALOG10 DCOS FIX MOD 
AMAXO DEXP FLOAT OUT 
AMAX1 DIM lABS PEEK 
AMINO DLOG 101M POKE 
AMIN1 DLOG10 IDINT SIGN 
AMOD DMAX1 INP SIN 
ATAN DMIN1 INT SNGL 
ATAN2 DMOD ISIGN SORT 
COS DSIGN MAXO TANH 
DABS 

The library also contains efficient routines for 16-bit 
and 32-bit integer arithmetic and 32-bit and 64-bit 
floating point arithmetic. 

Utility Software Package 

The FORTRAN-80 package includes the Microsoft 
Utility Software Package. The Utility Software Pack­
age includes the MACRO-80 macro assembler, the 
LlNK-80 linking loader, and the CREF-80 Cross­
Reference Facility. Refer to the description of the 
Microsoft Utility Software Package for full details. 

Custom I/O Drivers 

Users may write non-standard I/O drivers for each 
Logical Unit Number, so interfacing non-standard 
devices to FORTRAN programs is straightforward. 

Required Hardware 

Intellec Microcomputer Development System 

-Model 800 or 
-Series II 
-minimum of 1 diskette drive 

Required Software 

CP/M' Operating System or MP/M-II* Operating 
System. 
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inter' 
MICROSOFT*SASIC-86 INTERPRETER 

SOFTWARE PACKAGE 

• Compatible with other Microsoft BASIC 
compilers and interpreters 

• Sophisticated string handling and 
structured programming features for 
applications development 

• Direct transfer of BASIC programs to 
the 8080, 8085 and 8088 

• Random and sequential file 
manipulation where random file record 
length is user-definable 

• Read or write memory location 
capabilities 

• Meets the requirements for the ANSI 
subset standard for BASIC, and 
supports many enhancements 

• Extensive text editing features built-in 

• Automatic line number generation and 
renumbering 

• Supports assembly language 
subroutine calls 

• Trace facilities for easier debugging 

BASIC Release 5.0 from Microsoft is an extensive implementation of BASIC. Microsoft BASIC gives users what 
they want from a BASIC-ease of use plus the features that are comparable to a minicomputer or large 
mainframe. . 

BASIC-86 meets the requirements for the ANSI subset standard for BASIC,·as set forth in document BSRX3.60-
1978. It supports many unique features rarely found in other BASICs. 

FEATURES 

-Four variable types: Integer (-32768, +32767), 
String (up to 255 characters), Single-Precision 
Floating Point (7 digits), Double-Precision 
Floating Point (16 digits). 

-Trace facilities (TRON/TROFF) for easier 
debugging. 

-Error trapping using the ON ERROR GOTO 
statement. 

-PEEK and POKE statements to read or write any 
memory location. 

-Automatic line number generation and 
renumbering, including referenced line numbers. 

-Matrices with up to 255 dimensions. 

-Boolean operators OR, AND, NOT, XOR, 
EQV, IMP. 

-Formatted output using the PRINT USING facility, 
including asterisk fill, floating dollar sign, 
scientific notation, trailing sign, and comma 
insertion. 

-Direct access to I/O ports with the INP and OUT 
functions. 

-Extensive program editing facilities via EDIT 
command and EDIT mode subcommands. 

-Assembly language subroutine calls (up to 10 per 
program) are supported. 

-IF/THEN/ELSE and nested IF/THEN/ELSE 
constructs. 

-Supports variable-length random and sequential 
disk files with a complete set of file manipulation 
statements: OPEN, CLOSE, GET, PUT, KILL, 
NAME, MERGE. 
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in1:el MICROSOFT 
BASIC-8S INTERPRETER 

BASIC-8S Commands, Statements, 
Functions 

AUTO 
LIST 
NULL 
TROFF 
CLEAR 
LOAD 

RENUM 
WIDTH 
CO NT 
MERGE 
RUN 
DELETE 

Program Statements 

CALL 
GOSUB 
END 
GOTO 
STOP 
WHILE/ 

WEND 
CHAIN 
DEF USR 
LET 
REM 

RANDOMIZE 
COMMON 
DEF FN 
ERROR 
POKE 
RESUME 
SWAP 
DEFDBL 
DEFSTR 
DEFSNG 
DEFINT 

NAME 
SAVE 
EDIT 
NEW 
TRON 

RETURN 
WAIT 
ON GOSUB 
DIM 
FOR/NEXT/ 

STEP 
IF/THEN/ 

ELSE 
ON ERROR 

GOTO 
OPTION BASE 

Input/Output Statements and Functions 

CLOSE 
KILL 
OUT 
RESTORE 
READ 
TAB 
DATA 
LINE 

INPUT 
PRINT 
WRITE 
LPRINT 

GET 
POS 
FIELD 
LSET/RSET 
PRINT 

USING 
LOC 
MKI$ 
MKS$ 
MKD$ 
LLiST 
LPOS 

SPECIFICATIONS 

Operating Environment 

NAME 
PUT 
EOF 
SPC 
INKEY$ 
INPUT 
OPEN 
CVD 
CVI 
CVS 

The standard disk version of Microsoft BASIC-86 oc­
cupies 32K bytes of memory. Microsoft BASIC-86 
Interpreter is compatible with the CP/M-86 operat­
ing system. 

Required Hardware 
Microsoft* BASIC-86 Interpreter will operate with 
any currently supported configuration of CP/M-86 or 
MP/M-86. 

Arithmetic Functions 

ABS SIN LOG 
INT CDBL FIX 
SGN CSNG COS 
ATN CINT RND 
EXP SQR TAN 

String Functions 

ASC STR$ INSTR 
LEN HEX$ RIGHT$ 
STRING$ OCT$ MID$ 
CHR$ VAL SPACE$ 
LEFT$ 

Operators 

XOR 
/\ <= NOT 
< EQV 
> <> MOD 

IMP 
OR 
AND 

Special Functions 

ERL ERR VARPTR 
USR FRE PEEK 

Required Software 

CP/M-86*Operating System or MP/M-86*Operating 
System. 

Documentation Package 

One copy of each manual is provided with the 
software package. Additional copies are available. 
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Part Number 

121810 
121857 

Description 

BASIC-86 Reference Manual 
BASIC Reference Book 
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Shipping Media 

MICROSOFT 
BASIC-8S INTERPRETER 

(Please specify by Alpha Character when ordering.) 

A-Single Density (Intellec compatible, IBM 3740/1 format) 

ORDERING INFORMATION 

Description Order Code 

SD203CPM86A Microsoft BASIC-86 Interpreter Software Package, CP/M-86 version (Single-Density Diskette) 

An Intel Master Software License and Amendment required. 
'Microsoft is a trademark of Microsoft, Inc. 
'CP/M-BS is a registered trademark of Digital Research, Inc. 
'MP/M-BS is a trademark of Digital Research, Inc. 
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JOVIAL-86 
CROSS-COMPILER 

• IBM 370 or DEC*-10 host 

• Full MIL-STD-1589B language 
implementation 

• Extensively optimized object code 

• Supports IEEE floating-point math with 
8087 coprocessor 

• Functional simulation capability on the 
host 

II RAM/ROM separation of constants and 
code supported 

• Object compatible and linkable with 
Intel's languages for 8086/8088 

• Generates source symbols, lines and 
type information for debugging with 
ICE-86A 

II Type-checking of parameters between 
modules optionally enforced by the 
timer 

• Choice of silicon or software 
implementation for floating point 

• Supports 1 MB of code space 

JOVIAL was developed in the late 1950s by Jules Schwartz and colleagues to aid in programming large complex 
realtime systems. The language was adopted by the U.S. Air Force in 1967 and its use is now required for 
programming of all embedded avionics systems. 

Intel's JOVIAL Compiler implements the latest published standard of this language MIL-STD-15898 for the iAPX 
86/20 microprocessor. Intel's implementation of J73 offers a complete solution for programming applications in 
JOVIAL from compiling modules on the mainframe to downloading software to Intel's Series III development 
system where a host of JOVIAL-86-compatible languages, relocation and linkage software, symbolic debugger 
and an in-circuit emulator (ICE-86A) are available. 

FEATURES 

JOVIAL language was designed for programming 
large complex realtime systems. The language is a 
derivative of Algol and has borrowed compound 
statement and control structures from it. JOVIAL 
supports fixed and floating-point, Signed and un­
signed integers, strings, tables and status items 
(enumerated type) and permits items to be any 
length from 1 bit to 256 bytes. The language provides 
access to almost any configuration of logical or arith­
metic values including packed structures of flexible 
description. The communication pool (COMPOOL) 
permits sharing of system data among many sub­
programs by providing a centralized data and proce­
dure description which enforces uniform usage and 
simplifies centralized configuration management of 
a JOVIAL system data base. 

JOVIAL COMPILER DESCRIPTION 

The JOVIAL compiler operates in multiple passes. 
The front-end phase analyzes the input program and 

translates it into an intermediate language. The 
global optimizer phase analyzes the intermediate 
code and applies extensive optimizations such as 
constant and value folding, multiply distribution and 
operator reassociation for efficient address calcula­
tion, compile time short-cut booleans, unreachable 
code deletion, and unnecessary store suppression. 
The code generator phase generates relocatable 
object code from this intermediate code. Other func­
tions in the final phase are responsible for generat­
ing deficient listings and COMPOOL output. 

The compiler supports development of complex and 
large applications by providing a comprehensive 
cross-reference listing that identifies the statement 
number where the variable is set. The compiler can 
also generate a statistical listing showing the distri­
bution of various symbol table classes and inter­
mediate language operators. The assembly language 
output listing displays the object program in assem­
bly mnemonics. And optionally, the compiler can pro­
duce a reformatted source program. 
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inter JOVIAL-86 
CROSS-COMPILER 

PROGRAM DEVELOPMENT PROCESS 

The JOVIAL source programs may be developed and 
maintained on the mainframe IBM 370 or DEC-10, or 
alternately, the source programs may be created an 
maintained on the Intellec Series III Microcomputer 
Development System, sent to the mainframe for com­
pilation and brought back to the Series'" for further 
processing. The ONLINE utility allows the Series III to 
act as a terminal to the mainframe to edit and exam­
ine files, etc. The transfer of source and object files 
between the mainframe and the Series'" is accom­
plished with either the 2780/3780 emulator or the 
upload/download software on Series III. 

The object code produced by the compiler is in Intel's 
standard object module format and is, therefore, 

SPECIFICATIONS 

Operating Environment 

Intel's JOVIAL compiler runs under MVS on IBM 370 
and requires a 500 Kb partition. The DEC-10 version 
runs under TOPS-1 0 operating system and requires 
75K words. 

Required Hardware 

- Inteilec Series III Microcomputer Development 
System 

- Necessary Modems and Cables for Serial Link 

Required Software 

- Series'" Operating System 
- iAPX86 Family Utilities 

Optional Software 

- Mainframe Link (2780/3780 Emulator) 
- 8086/8087/8088 Relocatable Assembler 

ORDERING INFORMATION 

Order Code Description 

Availability: Second Quarter 1982 

compatible with the standard Series III utilities like 
LlNK86, LOC86, LlB86 and OH86. The compati­
bility with subprograms written in PASCAL86, 
FORTRAN86, ASM86 and PUM-86 is assured by 
following Intel's standard parameter passing and 
register usage conventions. The compiler generates 
source program symbols, lines and type information 
in the object code to allow symbolic debugging with 
the Series III debugger and in-circuit emulator. 

The compiler generates 8087 instructions for 
floating-point operations. In the absence of the 8087 
processor, the 8087 emulator software may be linked 
with the JOVIAL program to execute the floating­
point instructions. 

Documentation Package 

One copy of each manual is provided with the 
software package. Additional copies may be ordered. 

Part No. 

121886 
121887 

Description 

JOVIAL Language Specification 
JOVIAL-86 User's Guide 

Shipping Media 

One (1) Phase encoded, 1600 B.P.1. Magnetic Tape 
One (1) Single-density Diskette (Intellec 

Compatible) 
One (1) Double-density Diskette (Intellec 

Compatible) 

"DEC and DECsYSTEM-l0 are registered trademarks of Digital Equipment Corporation. 
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