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UNIVERSAL MEASUREMENT SYSTEM CONTROLLER 

This thesis describes the design and implementation of a 

measurement instrumentation system controller by using IEEE 488 

standard bus (IEEE 488 is also called GPIB General Purpose 

Interface Bus, within the thesis we will use GPIB instead of 

IEEE '488) named as UMSC (Universal Measurement System 

Controller) . 

GPIB is a widely used digital communication standard in 

instrumentation. The most famous companies manufacture their 

instruments with GPIB. They can be interconnected by using 

GPIB, in order to realize the complex test sets. At that 

point, a controller is needed to control the communication 

between them. However the controllers mentioned above are very 

expensive devices. If you need one or more small test sets with 

remote control, using them is not feasible economically. So 

dedicated small controllers are necessary. The aim of this work 

is to satisfy this requirement . 

.. The UMSC is designed as a microprocessor-based system. 

It utilizes the GPIB talker, listener and controller,functions. 

It is a programmable device, to realize special test algorithms. 

It provides a line editor to edit user programs, and a compiler 

to check th~ synta~ of the user programs and to interpret them. 

It also offers a basic language developed for this work to write 

user programs. 
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GENEL AMACLI OLCME bUZENEK YONETGECI 

Bu tez oall$maSl IEEE 488 st~andart veri yolu kullanan bir 

6lQme aletleri dizgesi y6netgeQinin tasarlmlnl ve geroeklenmesini 

tanlmlar. (IEEE 488, GPIB "General Purpose Interface Bus" 

olarakta adlandlrllr. Tezin iyeriginde IEEE 488 yerine GPIB 

kullanllacaktlr). 

GPIB, olQme aletlerinde yaygln .olarak kullanllan bir 

saYlsal i letif,> im st.andandartldlr. Tanlnml$ bircok firma 8lyme 

aletlerini GPIB ozelligi ile uretmektedir. Bu aletler, 

karma$lk test duzeneklerini gerceklemek ioin} GPIB uzerinden 

birbirlerine baglanabilirler. Bu noktadan baklldlglnda olyme 

aletlerinin birbirleriyle ileti$imini yonetecek bir yonetgeoe 

gereksinim duyulur. Oysaki yukarlda SQZU gecen y6netgey ler yok 

pahall aletlerdir. Eger bir veya birden fazla kUQuk test 

duzeneklerine gereksinim varsa, adl gecen ybnetge~ler parasal 
, 

aQldan uygun olmazlar. Bu neden ile ozel olarak yapilml$ kUQuk 

yonetgeyler gereklidir. Bu Qali$manin amaoi boyle bir istege 

yanit vermektir. 

UMSC mikro islemQili bir dizge olark tasarlanmi$tir. 

GPIB konu;?maQi (talker) , dinleyici (listener) ve yonetgey 

(controller) . i~lemlerini gerQekler. " Ozel test algoritmalarlnl 

gerQekle$tirebilmek ioin programlanabilen bir aletdir. 

KullanlCl programlarlnl yazabilmek ioin bir program yazlclsl ve 

bu programlarl~ y~z111mlnl derleyen, makine diline ceviren bir 

derleyiciyi saglar. Ayni zamanda bu Qali$ma iQin geli~tirilen 
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bir programl~a dilinide saglar. 
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I. IN'l'lWDUCTION 

In the design phase of such devices. the first question 

that would eonfront the designer should be "vlhat kind of people 

will use this device 'too If a specialist will use it. the 

device can be designed with relatively less emphasis upon 

man-machine interface. But if an average person will use it. 

the design should be more informative tha~ the first one. The 

answer to this question shapes the main structure of the system. 

Although generally. the~e kinds of devices are used by 

specialists. the more informative system is desired from the 

point of user friendliness. 

This kind of system have to provide 

a CRT monitor to follow comments results and 

program parts easily 

and user. 

an understandable language for interfacing system 

an editor to write user programs 

a syntax checker for the written user programs 

an interpreter to execute the user programs 

a flexible hardware for future developments. such 

as increasing memory capacity 

In such systems. the user programs are stored in 

disks,diskettes or magnetic tapes. However this is an expensive 

way to a small controller. Therefore a nonvolatile type of 

memory is prl~ferably chosen for storing user programs. 
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The UMSC was designed with-above properties. It also 

offers the GPIB controller, talker, and listener functions as 

its main aim. 

UMSC works with the stored program logic. It consists 

of two parts: System Software and System Hardware. System 

block diagram is given in Fig.i. 1 

The microprocessor is the main control element in the 

system. It executes all required logical functions, and 

controls I/O devices. 

The UMSC contains 7 I/O units. Two of them are serial 

ports, the other two are parallel ports. There is a timer. 

The last two ports are GPIB unit ports. One of the serial I/O 

devices is used for communication with an interactive CRT 

terminal and the other one is used for communication with a 

printer. These two serial I/O devices use the RS232C Standard 

Serial·Communication Interface circuit. Parallel I/O circuit 

could be. used for communication with any other microcomputer in 

future, if necessary, or it could be used to control a relay 

circuit or any other test sets The last two I/O ports are used to 

communicate with the microprocessor and GPIB intreface circuit. 

The memory circuit consists of three diff~rent types of 

memory chips: ·EPROM circuit for system SIN, EEPROM for user 

SIN, and RAM circuit for data and stack area. 

The. UMSC S/W consists of two main modules. 

are background and foreground modules. 

Those are 
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In chapter 2, the concept of GPIB is described. The 

communication methods in GPIB, description of controller. 

talker and listener functions as well as electrical and 

mechanical aspects are defined briefly. 

Chapter 3 gives the concept of message used in GPIB. 

The message structure is recommended by IEEE 728 Standard. 

In chapter 4, the hardware description of UMSC is given 

in full detail. It also describes the memory and I/O port 

organisation, based upon the software structure of system. 

In chapter 5, software structure of UMS,C is explained. 

The S/W structure has a state driven architecture. Some 

important 

diagrams. 

appendix) . 

routines are described and illustrated by flow 

This chapter is supported by source listings (see 

Chapter 6 is written as a user manual for UMSC. It 

,explains the editor. list, compiler and monitor modes with 

examples. It also describes UMSC language. It fi~ishes with 

the describtion of error messages. 
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II. WHAT IS THE IEEE 488 (GPIB) ? 

A. INTRODUCTION 

The experience of designing systems for a variety of 

applications in. the early 1970)s caused Hewlett-Packard to define 

a standard intercommunication mechanism which would allow them to 

easily assemble instrumentation systems of varying J degrees of 

complexity. For a particular application each instrument 

designer designed his/her own interface from scratch. But none 

was consistent in terms of electrical levels, 'pin-outs on a 

connecter, and types of connectors. Every time they built a 

system they had to createnew cables and new documentation just to 

specify the cabling and interconnection procedures. 

Based on this experience, Hewlett-Packard began to 

define a new interconnection scheme. In 1972, Hewlett-Packard 

came out with the first version of ' the bus which since has been 

modified and standardized by a committee of several 

manufacturers, coordinated through the IEEE, to perfect what is 

now known as the IEEE 488 Interface Bus (also known as the HP-IB, 

the GPIB and the lEe bus). While this bus specification may not 

be perfect, it is a good compromise of the various desires and 

goals of instrumentation and computer peripheral manufacturers to 

produce a commun interconnection mechanism. It fits most 

instrumentation systems in use today and also fits very well the 

micrOcomputer I/O bus requirements. The basic design objectives 

for the GPIB were to: 
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1.Specify a system that is easy to use, but has all of 

the terminology and the definitions related to that system 

preciesly spelled out so that everyone uses the same language 

when discussing the GPIB. 

2.Define all of mechanical, and electrical interface 

requirements of a system, yet not define any of the aspects 

(they are left up to the instrument designer). 

3.Permit a wide range of capabilities of instruments and 

computer peripherals to use a system simultaneously and not 

degrade each other's performance. 

4.Allow different manufacturers' equipment to be 

connected together on the same bus. 

5.Define a system that is good for limited distance 

interconnections~ 

6.Define a system with minimum restrictions on the 

performance of the devices. 

7.Define a bus that allows asynchronous communication 

with a wide range for the data rates. 

8.Define a low cost system that does not require 

extensive and elaborate interface logic for the low cost 

instruments, yet provides higher capability for the higher cost 

instruments if desired. 

9.Allow systems to exist that do not need a central 

controller; that is, communication directly from one instrument 

to another is possible. 

Although the GPIB was originally designed for 
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instrumentation systems, it became obvious that most of these 

systems would .be controlled by a calculator or computer. With 

this in mind several modifications were made to the original 

proposal before its final adoption as an international standard. 

The major characteristics of the GPIB are listed below: 

Data Rate: 

1M bytes/s. max. 

250k bytes/so typo 

Multiple Devices: 

15 devices, max. (electrical limit) 

8 devices, typo (interrupt flexibility) 

Bus Length: 

20 m, max. 

2 m, typo 

Byte-Oriented: 

8-bit commands 

8-bit data 

Block Multiplexed: 

Optimum strategy on GPIB due to setup 

overhead for commands 

Interrupt Driven: 

Serial poll(slower·devices} 

Parallel poll(faster devices} 

Direct Memory Access: 

One DMA facility at controller serves 

all devices on bus 
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Asynchronous: 

,One talker 

Multiple listeners 

I/O to I/O Transfers: 

Talker and listeners need not to include 

a microcomputer/controller 

The bus can be best understood by examining each of these 

character~stics. 

1. DATA RA'fE 

Certainly, the 250k bytes/s data rate can be easily 

achived by the IEEE 488 bus is sufficient for microcomputers and 

their peripherals, and is more than needed for typical analog 

instruments that take only a few readings per second. The 

1M-byte/s maximum data rate is not easily achieved on the GPIB 

and requires special attention. 

2. MULTIPLE DEVICES 

With the GPIB, up to 8 devices can be handled easily by 

a controller; with some slowdown in interrupt handling, up to 

15 devices can work together. The limit of 8 is imposed by the 
) 

number of unique parallel poll responses available; the limit of 

15 is set by the electrical drive characteristics of the bus. 

Logically, the ,IEEE 488 Standard is capable of accommodating 

more device addresses (31 primary, each potentially with 31 

secondaries) . 
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3. BUS LENGTH 

The GPIB is designed typically to have 2m of length per 

device, and totaly 20m. This is enough for most 

instrumentation systems. 

4. . BYTE ORIENTED 

The GPIB has 8-bit wide data path that may be used to 

transfer ASCII or binary data as well as the necessary status and 

control bytes. 

5. BLOCK MULTIPLEXED 

The GPIB is,by nature a block multiplexed bus due to 

the- overhead involved in addressing various devices to talk and 

listen. This overhead is less bothersome if it only occurs once 

for a large number of data bytes (once per block). 

6. INTERRUPT DRIVEN 

The GPIB has two interrupt protocols. The first is a 

single service request line that may be asserted by all 

interrruptingJdevices. The controller then polls all devices to 

find out which wants service. The polling mechanism is well 

defined and can be easily automated. For higher performance, 

the parallel poll capability in the IEEE 488 allows up to 8 

devices to be polled at once -each device is assigned to one bit 

of the data bus. This mechanism provides fast recognition of an 
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interrupting device. A drawback is the frequent need for the 

controller to explictly conduct a parallel poll, since there is 

no equivalent of the service request line for this mode. 

7. DIRECT MEMORY ACCESS (DMA) 

In many applications; no immediate processing of I/O 

data on a byte-by-byte basis is needed or wanted. With the 

GPIB, one DMA facility at the 'controller serves all devices. 

8. ASYNCHRONOUS TRANSFER 

An asynchronous bus is desirable so that each device can 

transfer at its own rate. The GPIB is asynchronous and uses a 

special 3-wire handshake ,that allows data transfers from one 

talker to many listeners. 

9. I/O TO I/O TRANSFERS 

In practice, I/O to I/O transfers are seldom done due to 

the need for processing data and changing formats or due to 

mismatched data rates. However, the GPIB can support this mode 

of operation where ·the microcomputer is neither the talker nor 

one of the. listeners! 



B. GPIB SIGNAL LINES 
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Fig.2.1 GPIB Lines and Device Configuration 

1. DATA BUS 

The 'data bus is an B-bit bidirectional bus. The lines DIOl 

through DIOB are used to transfer addresses, control information 
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and data. The formats ·for addresses and control bytes are 

defined by the IEEE 488 Standard. Data formats are undefined 
) 

and may be ASCII (with or without parity) or binary. DIOl is 

the least significant bit (note that this will correspond to bit 

o on most computers). 

The information transferred on the BUS in BIT PARALLEL 

BYTE SERIAL form. The transfer of the 3 byte sequence "BUS" 

is illustrated in Fig.2.2 
., 

Ula> 

..J ow. 

~ 
=c#. 'Ullr> 

cr 
ct OIOt. 

t: 
. co OIUI _-..~ •. _. 

11101 ---"',"f¥~'~ 

ASCIi/lSO B U 'S 
Deoimal 66 85 63 
Octal 102 125 123 

·..f-\uxadecimal 42 55 53 

Fig.2.2 Data bus format. 

2. GENERAL INTERFACE MANAGEMENT BUS 

It consists of 5 lines. They are used to manage an 

orderly flow of information across the interface 



I , 

13 

a. ATTENTION (ATN) 

This signal is asserted by the Controller to indicate 

that it is placing an address or control byte on the Data Bus. 

ATN is de-asserted to allow the assigned Talker to place status 

or data on the Data Bus. The Controller regains control by 

re-asserting ATN; this is normally done synchronously with the 

handshake to avoid confusion between control and data bytes. 

When true ATN (asserted) places the interface in the 

COMMAND MODE 

interpret it 

(de-asserted) 

where all devices accept data on the interface 

as COMMANDS or ADDRESSES. ,When false 

places the interface in the DATA MODE where 

and 

ATN 

the 

active talker sources device dependent 

listeners. 

DATA to all active 

COMMAND ·MODE (ATN true): The commands serve several 

different purposes: 

1.Talk or listen addresses select the instruments that 

will source and accept data. They are all multiline messages 

(i.e., messages sent over the data bus). 

all devices. 

Addresses are sent to 

2. Universal commands cause every instrument so equipped 

to perform a specific interface operation. They include five 

multiline commands and four uniline commands. 

3.Addressed commands are similar to universal commands, 

except that they affect only those devices that are addressed and 

are all multiline commands. An instrument responds to an 

addressed command, however, only after a controller has already 
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told it to be a listener. 

4.Secondary commands are multiline messages that are 

always used in conjuction with an address, universal command, 

or addressed command, (also referred to as primary commands) to 

provide additional command codes. Thus they extend the code 

space when necessary. 

TALK and LISTEN ADDRESSES: Every GPIB device has at 

least one device address. They are used by the active 

controller in the COMMAND MODE to specify who talks (via a Talk 

Address) and who listens (via Listen addresses). Any given 

Device Address can specify two corrensponding address codes on 

the Data Lines· (al though it may only actually respond to one): 

1. Talk Address 

2. Listen Address 

The sixth and seventh buts (DI06-DI07) are used to 

distinguish between a device's talk and listen addres characters. 

Two address codes are used to tell every device to UN TALK or 

UNLISTEN. 

UNIVERSAL COMMANDS: Universal commands are consist of 

two types, those are Multiline commands and Uniline commands. 

MULTILINE COMMANDS: Device Clear Command (DCL): The 

universal device clear command causes all recognizing devices to 

return to a pre-defined device-depen~ent state. Recognizing 

devices respond whether they are addressed or in remote only. 

Device manuals define the reset state for each device recognizes 

the command. 
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Local Lockout Command (LLO): The local lockout command 

disables a particular front-panel or rear-panel local-reset or 

return-to-local (push button) on devices that recognize the 

command. Recognizing 
.~ 

devices accept the 'command whether they 

are addressed or in remote only. REN must be set false to 

re-enable the push button, this also replaces all devices under 

local control. 

Serial Poll Enable Command (SPE): The serial poll enable 

command establishes serial poll mode for all responding talker 

deviccis on the bus. When they are addre~sed to talk,eacb 

responding devic~ will return a sin~le eight-bit byte of status 

from each device. Devices which, recognize this command' must 

have Talker interface capabilities to allow the device to output 

t,he stat,us-byte .. 

Serial Poll Disable Command (SPD): The serial poll 

disablec::,command terminates serial poll mode for ail responding 

devices to their normal state where they output device-dependent 

data rather than status information. 

Parallel Poll Unconfigure Command (PPU): The parallel 

poll unconfigure command resets all parallel poll devices to the 

idle state (unable to respond to a parallel poll). 

Untalk Command (UNT): The untalk command unaddresses the 

current talker. Sending an unused talk address would accomplish 

the same thing. This co~nand is provided for convenience since 

addressing one talker automatically unaddress others. 

Unlisten Command (UNL): The unlisten command unaddresses 
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all current listeners on the bus.- Single 1 isteners cannot be 

unaddressed without unaddressing all listeners. It is necessary 

that this command be used to guarantee that only desired 

listeners are addressed. 

UNILINE COMMANDS: 

Interface Clear (IFC) 

Remote Enable (REN) 

Attention (ATN) 

Identify (IDY) EOI+ATN 

ADDHESSED COMMANDS:. 

Group Execute Trigger Command (GET): The group execute 

trigger command causes all devices which have the GET capability 

and are currently addressed to listeh to initiate a preprogrammed 

a6tion (e.g., t~igger, take a sweep, etc.). Some devices may 

also recognize a device-dependent; data charact.er or string for 

this function (equivalent but requires entry into. DATA MODE). 

The GET command provides a means of triggering devices 

simultaneously. 

Selected Device Clear Command (SDC): The selected device 

clear command resets device currently addressed to listen to a 

device-dependent state (e.g. turn-on state, open all relays, 

etc.). Device manuals define the reset state for each device 

that recognizes the command. Same as DCL. 

Go to Local Command (GTL): The go to local command 

causes the 

·local panei 

device 

control 

currently addressed to listen to return 

(exit the REMOTE. state). The device 

to 

will 
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return to remote when it is addressed to listen again. 

Parallel Poll Configure Command (PPC): The parallel p6ll 

configure command causes the addressed listener to be configured 

according to the parallel poll enable command which will follow: 

SECONDARY COMMANDS: 

Parallel Poll Enable Command (PPE): The parallel poll 

enable secondary command configures the devices which have 

received the PPC command to respond to a parallel poll on a 

particular GPIB DID line with a particular level. Some devices 

may implement a local form of this message (e.g. jumpers). 

Parallel Poll Disable Command (PPD): The parallel poll 

disable command disables the devices which have received the PPC 

command from responding to the parallel poll. 

DATA MODE (ATN false) In this mode device dependent. dat~a 

(e.g. programming data, measurement data, or status data) is 

sent from the active talker to the active listeners on the 

interface. 

b. END OR IDENTIFY (EOI) 

This signal has two uses as its name implies. A talker 

may assert EOI simultaneously with the last byte of data to 

indicate end of data. The controller may assert EOI along with 

ATN to indicate a Parallel Poll. Although many devices do not 

use Parallel Poll, all devices should use EOI to end transfers 

(many currently available ones do not). 
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c. SERVICE REQUEST (SRQ) 

This line is like an interrupt: it may be asserted by 

any device to request the Controller to take some action. The 

Controller must determine which device is asserting SRQ by 

conducting a Serial Poll at its earliest convenience. The 

device deasserts SRQ when polled. 

d. INTERFACE CLEAR (IFC) 

This . signal is asserted only by the System Controller in 

order to initialize all device interfaces to a known state. 

After deasserting IFC, the System Controller is the active 

controller of the system. 

e. REMOTE ENABLE (REN) 

This signal is asserted ohly by the Sy~tem Controller~ 

Its assertion does not place devices into Remote Control mode;REN 

only enables a device to go remote when addressed to listen. 

When in Remote, a device should ignore its front panel controls. 

3. DATA BYTE TRANSFER CONTROL BUS 

3 lines used to coordinate the transfer of data over the 

data bus from a source (an addressed talker or a controller) to 

an acceptor (an addressed listener or all devices receiving 

interface commands) to ensures data transfer integrity. This 

technique has the following characteristics: 

Data transfer is asynchronous and the transfer 
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rate automatically adjusts to the speed of the sender and 

receiver(s) and runs at the rate of the slowest addressed device. 

More than one device can accept data at the same 

time. 

Every byte transferred undergoes the handshake 

(except for parallel poll response). 

....When universal commands are sent over the bus, 

the slowest device on the bus will determine the transfer rate 

during the transfer of that command. 

The actual transfer rate of the data is also 

affected by the time it takes the instrument to take the reading 

and the time· necessary for the controller to input the 

information. 

GPIB signal lines use a low-true logic convention to 

implement the wired or convention of the NRFD and NDAC lines, 

provide active true-state assertion, and reduce susceptibility 

in the true state. 

a. NOT READY FOR DATA (NRFD) 

This handshake line is asserted by a listener to indicate 

it is not yet ready for the next data or control byte. Note 

that the Controller will not see·NRFD deasserted (i.e.,ready for 

data) until all devices have deasserted NRFD. 

b. NOT DATA ACCEPTED (NDAC) 

This handshake line is asserted by a Listener to indicate 
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it has not yet accepted the data or control byte on. the DIO 

lines. . Note that the Controller will not see NDAC deasserted 

(i.e., data accepted) until all devices have deasserted NDAC. 

c. DATA VALID (DAV) 

This handshake line is asserted by the Talker to indicate 

that a data or control byte has been placed on the DIO lines and 

has had the minimum specified settling time. 

The handshake timing sequence is illustrated in Fig.2.3 

NOT VALID 
H 

DAV 

L-

H- , --;.-
NRFD ( I 

I I 
L I I 

H-
NDAC 

L--------------------~~~~ 

I I I 

Fig.1.3 Data Byte Transfer 

Preliminary: Sourced checks for listeners and places data byte 

on data lines. 

All acceptors become ready for byte. NRFD goes 

high with slowest one 
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to Source validates dat·a (DAV low) 

t! First acceptor sets NRFD low to indicate it is no 

longer ready .for a new byte. 

tl: NDAC goes high with slowest acceptor to indicate 

all have accepted the data. 
, 

tg: DAV goes high to indicate this data byte is no 

longer valid. 

t4 : First acceptor sets NDAC low in preparation for 

next cycle. 

t5: Back to t again. 

The handshake sequence. is depicted in flowchart form in 

Fig.2.4 

. C. GPIB INTERFACE FUNCTIONS 

There are ten interface functions specified by the IEEE 

488 standard. Not all devices will have all functions and some 

may only have partial subsets. 

1. SOURCE HANDSHAKE (SH): 

This function provides a device with the ability to 

properly transfer. data from a Talker to one or more Listeners 

using the three handshake lines. 

2. ACCEPTOR HANDSHAKE (AH): 

This function provides a device with the ability to 

properly receive data from· the Talker using the three handshake 
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lines. The AH function may also delay the beginning (NRFD) or 

end (NDAC) of any transfer. 

tAl Kill lISTI Nf II 

YES 

NO 

r.c,',::':'CCEFHO 

Fig.2.4 Flow chart of data transfer 
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3 . TALKER (T): 

This function allows a device send status and data bytes 

when addressed to talk. An address consists of one (Primary) or 

two (Primary and Secondary) bytes. The latter is called an 

Extended Talker. 

4. LISTENER (L): 

This function allows a device to receive data when 

addressed to listen. There can be Extended Listeners (anologous 

to Extended Talkers above). 

5. SERVICE REQUEST (SR): 

This function allows a device to request service 

(interrupt) the Controller. 

asynchronously. 

The SRQ line may be asserted 

6. REMOTE LOCAL (RL): 

This function allows a device to be operated ~n two 

modes: Remote via the GPIB or Local via the manual front panel 

controls. 

7. PARALLEL POLL (PP): 

This function allows a device to present one bit status 

to the Controller"':"in-charge. The device need not be addressed 

to talk and no handshake is required. 
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8. DEVICE CLEAR (DC): 

This function allows a device to be cleared (initialized) 

by the Controller. Note that there is a difference between DC 

(Device Clear) and the IFC (Interface Clear) line. 

9. DEVICE TRIGGER (DT): 

This function allows a device to have its basic operation 

started either individually or as part of a group. This 

capability is often used to synchronize several instruments. 

10. CONTROLLER (C): 

This function allows a device to send addresses, as well 

as universal and addressed commands to other devices. There may 

be more than one controller on a system, but only one may be the 

controller-in-charge at any time. 

At power-on time the controller that is handwired to be 

the System Controller becomes the active controller~in-charge. 

The System Controller has several unique capabilities including 

the ability to send Interface Clear(IFC clears all device 

interfaces and returns control to to the System Controller) and 

to send Remote Enable(REN allows devices to respond to bus data 

once they are addressed to listen). The System Controller may 

optionally Pass Control to another controller, if the system 

software has the capability to do so. 
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D. GPIB ELECTRICAL ASPECTS 

General: The relation between logic and voltage levels 

Logic Level 

o (False) 

1 (True) 

Driver Types: 

Voltage Level 

>= +2.0V (High) 

=< +O.8V (Low) 

Open Collector Only Open Collector or ~Tristate 

SRQ,NRFD,NDAC ATN,IFC,REN,EOI,DAV 

DIOl-8 (Parallel DIOl-8 (non-Parallel 

Poll Devices) Poll Devices) 

""Tristate is useful to reach data rates above 250k bytes/so 

Tristate is disabled during parallel poll. 

Driver Specifications: 

The specifications for drivers shall be as follows: 

Low state: Output voltage (three-state or open collector 

drivers) < +O.5V at +48mA sink current . , 

The driver have to be capable of sinking 48mA 

continuosly. 

High state: Output voltage (three-state) >= +2.4V at -5.2mA 

Output voltage (open collector) (see DC load 

requirements) 

" .... ~~\~ES\ 
~, .. ·u· ""\~ERS\1ES\ \\\.\\U? I 

BGG~l\~\ \~ 
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Receiver Specifications: 

The allowed specification for receivers with nominal 

noise immunity have to be as follows: 

Low state: Input voltage=< +0.8V 

High state: Input voltage >= +2.0V 

The preferred specification for receivers: To provide 

added noise immunity, the use of Schmitt-type receiver circuits 

(or equivalent) for all signal lines is recommended. The 

specifications for these receivers have to be as follows: 

Hysteresis: Vpos - Vneg >= +0.4V 

Low state . Negative going threshold voltage Vneg >= +0.8V . 

High state: Positive going threshold voltage Vpos =< +2.0V 

Device DC and small signal AC Load Requirements: 

These requirements are summarized and clarified with a 

typical circuit design: 

CURRENT INTO DEVICE LOAD LINE 

* rnA 

Fig.2.5 I-V Characteristics 



Resistive Loading 

(1) if I =< OmA, V shall be < 3.7V 

(2) if I >= OmA, V shall be > 2.5V 

(3) if I >= -12.0mA, V shall be > -1. 5V 

(only if receiver exists) 

(4) if V =< O.4V, I shall be < -1.3mA 

(5) if V >= O.4V, I shall be > -3.2mA 

(6) if V =< 5.5V, I shall be < 2.5mA 

(7) if V >= 5.0V, I shall be > O.7mA 

or the small-signal Z shall be >= 

Capacitive Loading 

Cint.=< 100pF 

Typical Design: 

EXT INT 

Bus 

at <2.0V 

Existing Planes of LSI Design Support 

,.. I ....... ~----
I I ,. , 
I I 
I I 
I I , 

'01 

DRIVER I , 
RECEIVER I 

;j 

2k' at lMHz 

Fig.2.6 Typical design configuration 

Vcc +5V +5% 

Rl' 3.1 k +5% (to Vce) 

RL~ 6.2 k +5% (to ground) 
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Output leakage current {open collector driver} 

+O.25mA max at V =5.25V 

Output leakage current {three-state driver} 

+40uA max at V =+2.4V 

Receiver: Input current 

-1.6mA max at V =+O.4V 

Input leakage current 

+40uA max at V =+2.4V 

+1.0mA max at V =+5.25V 

Cl = C"",,'o\tll} +Cc.o""POI\~l\t =< 150pF at 1kHz 

E. GPIB MECHANICAL ASPECTS 

The connector, mounting and cabling specifications of 

the interface define a flexible cabling system for 

interconnecting IEEE 488 devices. Devices can be interconected 

in STAR, LINEAR, or combinational arrangements. An overall 

cabling restriction of 20m total or 2m per device. 

STAR LINEAR 

Fig.2.7 Cabling arrangements 
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Connector: The IEEE 488 connector is a 24-pin ribbon 

type connector. 

Conn~ctor Electrical Specification: 

Voltage rating 200V DC 

Current rating 5A per-contact 

Contact resistance < 10m 

Contact Material gold over copper 

Insulation resistance >10G 

Connector Mechanical Specification: 

Number of contacts 

Contact surfaces 

Shell shape 

Shell material 

Endurance 

PAIRED ,. ... I~EC PAIRED REt<. 
W1Tti Wl1'l-l wr'Tt1 

~ 
Pari "' ..... ,«­.... -. ..,.,.,..,.""" 
tD be;-ouno.<: 
,. .... .".",..,ocr. .. _ .... 

24 

self-wiping 

trapezoidal 

corrosion resistant material 

>= 1000 insertion 

Fig.2.8 IEEE Connector 
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Connector Pin Description: 

Contact Signal line 

1 DI01 

2 DI02 

3 DI03 

4 DI04 

5 EOI 

6 DAV 

7 NRFD, 

8 NDAC 

9 IFC 

10 SRQ 

. 11 ATN 

12 SHIELD 

13 DI05 

14 DI06 

15 DI07 

16 DI08 

17 REN 

18 GND (paired with 6) 

19 GND (paired with 7) 

20 G'ND (paired with 8) 

21 GND (paired with 9) 

22 GND (paired with 10) 

23 GND (paired with 11) 

24 GND 
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Note that the grounds of REN and EOr are same and it is 

pin 24.· 
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III. MESSAGE STRUCTURE IN THE GPIB 

A. INTRODUCTION 

The message formats which are used in the GPIB are 

recommended by the IEEE 728 Standard. The objectives of this 

recommended format are: 

1. To promote compatibility among different 

manufacturers' products 

2. To enable the interconnection of instrumentation and 

releated devices with both limited and extensive capability 

extensive capability to generate, process, 

variety of different message types 

and interpret a 

3. To define codes and formats that will minimize the 

generation of application software and system configuration costs 

4. To define a limited· family of preferred message 

codes and formats in a relatively device-independent manner 

5. To permit direct communication among instrument 

system devices without extraordinary translation and conversion 

special codes and formats 

B. SYSTEM CONSIDERATION 

The purpose of an interface system is to carry 

device-dependent messages between devices. According to 

interface functions, to and from device functions as shown in 

Fig 3.1 Device functions may differ from one another in several 

respects, and thus affect the nature of device-dependent 



messages that may be interchanged. 

DE vlcr x 

DEVICE 
F UNC1IOt~S 

17619B2 

INHRI ACE 
FUNCTIONS 

"

EEr SId I ------.. ---

BUS STRuCTURl 

At MOT[ INT! Rf ACE ME SSAG£S 

O£VICE-\lEPENOENl MESSAGES 

ANSI'IEE[ SId CBS 1978 

01 VICI Y 

,,,,,T( HII\(£ 

f 1I~ ... ClI0""S 
OE vlCI 
'UNO 10>,;5 

IEH SId I 
7]8 19E~ 

------------------~!~ .. ! 
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Fig.3.1 Functions and Messages of the Interface 

System 

-c. MESSAGE CONCEPTS 

1. MESSAGE TYPES AND DEFINITIONS 

Devices typically send and receive several different 

types of device-dependent messages. This section defines a set 

of message types considered to be useful for a variety of 

instrumentation system needs. It also defines the terms used to 

structure the description of these messages. 

Measurement Message: A measurement message is a 

sequence of one or more measurement results seperated by message 

unit separetors. 

A measurement result is the output of an instrument's 

measurement process. Instrumentation devices typically output 

measurement information (for example, frequency, voltage, 

current) as a result of performing a measurement. The general 
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format of measurement results may contain both an information and 

a numerib value. A measurement r~sult consjsts of a sequence of 

data bytes (DABs) that represent an optional header field and one 

mandatory data field. 

Program Message: A program message is a sequence of 

one or more program. instructions and optional message unit 

separators. 

A program instruction is used to setup and execute an 

instrument's measurement or stimulus function(s). 

Instrumentation devices typically receive program data (for 

example, measurement range, output mode) in preparation for 

performing a measurement function. A program instruction 

consists of·a sequence DABs that represents at least a mandatory 

header field and one or more optional data fields. 

Status Byte Message: A status byte message carries 

information about the internal conditions(s) of an instrument's 

device functions. Devices send a status byte (STB message) in 

response to a serial poll to indicate one or more device function 

conditions (for example, measurement complete, out of 

calibration, current limited). A status byte message is sent 

with a single status byte. 

Display Message: A display message contains information 

displayed for operator convenience. Display data may contain a 

series of accumulated measurement results or a series of program 

instructions used to setup a device. In either case, human 

interpretation is important. 
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Mess~e Element: Message elements are the basic building 

blocks of the syntactic constructs that define program and 

measurement .messages. Major message elements consist of three 

types of header, four data types, and three types of 

separators. 

2. MESSAGE UNIT ELEMENTS 

a. HEADER FIELD 

A header field may be used to describe the units (type, 

quantity) and quality of the data present in the data field it 

precedes, or both. A header field may also be used to select a 

specific function. 

In all cases, the initial character in an HR field is 

limited to an alpha character to facilitate parsing 

(partitioning) of messages by the receiving device. Three 

header fields available as shown in Fig.3.2 are HRl an alpha 

header, HR2 a formatted header, HR3a character header. 

Alpha Header (HR1) : A sequence of one or more alpha 

characters constructed according to Fig.3.3 Alpha characters may 

be of either case, upper case preferred. 

Fig.3.2 HR choices 
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Fig.3.3 HRl Syntax Diagram 

Fig.3.4 HR2 Syntax Diagram 

Formatted Header (HR2): A sequ~nce of one or more alpha 

characters plus the possibility of embedded or trailing spaces 

constructed according to Fig.3.4 In some messages it is helpful 

to maintain the header at a fixed length for a given product 

employing a variety of type and quality indications. The use of 

embedded or tr~iling spaces is therefore useful. Alpha 

characters are: 

ABC D E F G H I J K L M N 0 P Q R STU V Y Z 

abc d e f g h i j kIm n 0 p q r stu v y z 

Character Header (HR3) A sequence of one alpha 

character plus the possibility of additional characters following 

an initial alpha constructed according to Fig.3.5 In the 

additional character set these printable characters are allowed: 

Special characters: 

! $ %-& ' ( ) * + - I < = > ? @ [ \ ] ~ - { } ~ 



Alpha characters: as shown in HR2 

Digits: 0 1 2 3 4 5 6 7 8 9 

ANY PRINTING 
ASCII CHARACTER 

EXCEPT 

I SP I:: J "I .1 ; I DE l I 

Fig.3.5 HR3 Syntax Diagram 

b. DATA FIELDS 
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The central information contained within the body of each 

message unit may be represented by using one of four possible 

data types: numeric, string, block or character. 

Numeric Data Type: The decimal positional representation 

of numeric values, commonly called numeric representation (NR), 

may be implemented in any of three forms as shown as in Fig.3.6 

Numeric digits= 0 1 2 3 4 5 6 7 8 9 

Special symbolic representation= E SP(space} + -

Within· an NR field, the most significant digit is sent 

first. 

Fig.3.6 Numeric Representation Syntax Diagram 
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Fig.3.7 NRl Syntax Diagram 

Fig.3.8 NR2 Syntax Diagram 

Numeric Representation Set 1 (NR1): NRl consists of a 

set of implicit point representation of numeric values, that is, 

a radix point is implicitly considered to be placed (fixed but 

not transmitted) at the end of string of digits. Both the 
-

signed and unsigned representation may contain leading spaces. 

The syntax forNRl is shown in Fig.3.7 

Numeric Representation Set 2 (NR2): NR2 consists of a 

set of explicit point representation of numeric values with the 

radix point indicated by a decimal point (.) . For clarity the 

radix point should be preceded by at least one digit, possibly· 

(O).The syntax for NR2 is shown in Fig.3.8 
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Fig.3.9 NR3 Syntax Diagram 

Numeric Representation Set (NR3): NR3 consists of a set 

of scaled representation with either implicit or explicit radix 

point together with an exponent notation as shown in Fig.3.9 

Anv ASCII charM!f'! 
e·)lcp.pt" . 

Fig.3.10 String Syntax Diagram 

String Data Field: 

The string data field allows any character in the ASCII 

7-bit code (including non-printable characters) to be carried as 

a message. This data field is particularly useful where text is 

to be displayed, (for example, on a printer or CRT type device). 

Using the string data type permits the use of format effectors 

such as <CR> <LF> <SP> to correctly format text. The string 



data syntax is given in Fig.3.10 

·Block Data Field: 
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.The block data field allows any 8-bit data type 

(including extended ASCII codes) to be carried as a message. It 

is particularly useful for sending large quantities of data. 

Since the focus of the block data field is to provide for long 

data streams, a means to increase data transfer reliability has 

been included via error detection. A block data field is 

initiated by a unique code the number <#> sign. The <#> code is 

not allowed in any other device-dependent message. 

for the block data field is given in Fig.3.11 

Block Preamble: 

The syntax 

The preamble consists of two bytes the first of which is 

the <#> byte. A second byte designates which fourteen possible 

data types are to be represented within the block by the data 

types. 

Block Length Bytes: 

The length bytes contain information about the number of 

bytes in the block. The number of length bytes are 2. 

Block Check Bytes: 

When a check byte(s) is used the check is performed on 

only the data byt~s (DABs). If a checksum error detection means 

is used then the check byte shall contain the modulo 256 

checksum. If a CRC 16 Forward errror detection means is used, 

then the two byte count sent with the data bytes contains the 

remainder from division of the data byte stream by the CRC 16 
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Forward polynomial (that is 16 15 2-
X + X + X + 1) . The receiving 

device remainder is then zero for an error-free message. 

Fig.3.11 Block Data Field Syntax Diagram 



Character Data Field: 
( 
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The character data field is used where words and text 

more clearly describe. the nature of a program instruction than 

does a numeric data field. 'Character data fields always begin 

with an alpha character. The use of alpha characters only is 

preferred. Digits and other special purpose characters should 

be used only where human readibilityand interpretation of the 

header is thereby enhanced. The character data syntax is shown 

in Fig.3.i2 

ANV PRINTING 
ASCII CHARACTER 

E X CE PT '-'-+-..--4 
I SP I i: I "I. I ; I DE l I 

Fig.3.12 Character Syntax Diagram 

c. MESSAGE SEPARATORS 

A means to distinquish between one message unit and the 

next message unit or between information fields within message 

units is useful and sometimes essential for unambiguous message 

processing. Such means are useful for conveying related sets of 

data that occur in pairs ("for example, amplitude and phase) or 

other data set multiples (for example, time channel 

frequency) or ·long continuos message streams. The separators 

listed in descending order of the hierarchy are SR3, SR2, SRi A 

very genera1.structure for Separator usage is shown in Fig.3.l3 
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Fig,3,13 Typical Separator Use 

Separator Levell (SRi): An SRi separator iis typically 

used to identify the end of the lowest level of message element 

or data field(s}, Two separators exist at this level: the 

comma <,> and semicolon <;>. The lowest order separator of these 

two is the· <,> and is for most applications, the preferred 

separator. This based on the fact that the comma <,> is of 

lower than the <;> in the written word, The syntax for SRi is 

given in Fig.3.i4 

Fig.3.i4 SRi Syntax Diagram 

Separator Level'2 (SR2): An SR2 separator is typically 

used to separate a sequence of message units at a distinctly 

pigher level than that of the SRi separators. There is only one 

level of at -the SR2 level although there are several 

implementation choices. The syntax of SR2 is given in Fig.3.i5 

Separator Level 3 (SR3): The SR3 separator is the 
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highest order separator. An SR3 separator is usually used when 

one or a series of measurement or program messages has been 

completeted. As the Iiighest order separator, the SR3 or END 

message has special significance. A talker, having sent END, 

shall not output further DABs automatically. The talker must 

then receive a device-dependent message or a specific interface 

(for example GET-Group Execute Trigger-) prior to resuming 

output. The syntax of SR3 is given in Fig.3.16 

Fig.3.15 SR2 Syntax Diagram 

>-I p.Eo) /\ [NO /-7 
Fig.3.16 SR3 Syntax Diagram f, 

3. MEASUREMENT MESSAGES 

Instrumentation devices perform many measurement 

functions. Typically tasks measuring frequency or voltage, 

digitizing a waveform, and performing network analysis result in 

the generation of,measurement results. The specific content of 

the message is device-dependent, however the organization or 

general format of these application dependent messages can be 

structured in.a way cornman to many devices. The purpose of this 



section is to define the format of measurement messages. 

Measurement Message Formats: 

>--T""--t MEASUREMENT t-"""'r--t MEASUREMENT 
INDICATOR DATA 

HEADER DATA 

'~----------~.~----------~' RESUL T 

.~ESUL T 
SEPARATOR 

~"" __ .... ,, ___ -""J 
SEPARATOR 
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Fig.3.17 General Form of Measurement Message 

MfAOI:H 

r .... -------------------------- .. --"": ......... ----------------, 

NU"'ERIC DATI.' IElO 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

.. _ ... __ ........... __ .... __ .. __________ .. ______ .. __ .. ___ ........ _ .... _____________ .. 1 

,-------------- -_ ....... - .. ----- ---- .. --- ... ---- .. _-- .. - ......... - ... -_ ... _------" 
o 0 
o 0 
o 0 
o 
o 
o 
o 
I 
o 

: 
o 

A ... " ASC II ("'.· .... 1,., 

.'(f'P' 

o 

SlAING DATA FIELD: 
~--- .................... -_ ........ ~ .............. -- -- -----.. - ..... -- .. -_ .......................... ---------. 
,-----------_ ....................... -------- .. -- .. ---_ .. - .. -- .. -- ---------------., 
o : 

o 
I 
o 

6LOCK DI-l,t.. fIELD t 
.... _____ ...... _____ .. _________ ........................ ___________________________ 4 

OI.TA SEPI.RATOR 

Fig.3.18 Measurement Message Syntax Diagram 
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A generalized form of typical measurement messages is 

given in Fig.S.17 to introduce the normal flow of data fields, 

the format 'of the message. There are three different types of 

measurement messages. The Fig.3.l8 shows the syntactic 

structure of the three different types of measurement results 

identified as numeric data, string data,and block data. 

4. PROGRAM MESSAGES 

Instrumentation devices are called upon ·to perform many 

different tasks. This process of performing different tasks 

requires changes in the basic measurement or stimulus task. A 

device might be required to changed to change operating mode, 

measurement range., or output mode, for example. Receipt of 

program instructions effect the necessary changes. The specific 

content of this data is device-dependent, however the 

organization or general format of these application dependent 

messages can be structured in a way common to many devices. The 

purpose of this section is to define the format of program i 

messages. 

MULTIPlE 

r- OATA 
SEPARATOR 

1 \. INSTRUCTION HEAOER 
OATA INSTRIXTIO>; \. 

" HEAOER 

~ 
SE'ARA TOR 

/ ~\ 
SEPA"ATO" j" 

HEAOER SfPA"A TO" OATA SVARATOII 

Fig.3.l9 General Form of Program Message 
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... --..... ----~ . 
i 
I 
! 

""ACtR DA1A 

Fig.3.20 Program Message Syntax Format 

Program Message Formats: A generalized form of typical 

program messages is given in Fig.3.19 to introduce the normal 

flow of data fields, the format of the message. Fig.3.20 

illustrates the syntactic construction of four different types of 

program insructions identified as digit data, numeric data, 

string data, and block data", 

5. STATUS MESSAGES 

A status message may be sent from a device with an STB" 

message in response to a serial poll sequence when the device is 
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in the serial poll active state (SPAS). The principle purpose 

of the STB message is to present critical summary and detailed 

status to thecontroller-in-charge. Summary status means the 

logical OR or detailed status within the same category, for 

example, if more then one abnormal condition exists. A wide' 

variety of device-dependent internal states and conditions may be 

carried by STB messages. Therefore a complete data structure 

code assignment is not feasible. 

6. DISPLAY MESSAGES 

There is no specific format for the syntax of data 

uniquely utilized for display purposes. Both the program and 

measurement messages, however can be used 

purposes. The character and string data types are 

useful for this purpose. Display messages are 

for display 

particularly 

intended for 

device input or output where human interpretation is important. 

7. ERROR DETECTION AND CORRECTION 

The need for error detection capability within 

instrumentation systems varies significantly in relation to the 

nature of the noise environment, nature and importance of data 

carried on the interface active at both data source and acceptor, 

and overall system application. There are ,several common 

techniques for error detection and their applications are 

device-dependent~ Some of them are as listed below along with 

comments about their applications 
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The error detection and correction are not the main 

subject of this work, therefore these methods are explained as 

an information. 

Error Detection "at the Bit Level":. 

A simple lateral parity bit on DrOB to detect errors 

contained in DIOl-7 for the ASCII 7-bit code provides minimal 

means for error detection and requires minimal hardware. Parity 

check permits detection o'f a single error within the bit grouping 

of a byte. Multiple-bit errors within a byte may not be 

detected. 

A longitudinal parity check bit on any given DIO line at 

the end of data record may be used in the same way as the lateral 

parity check bit for the same purpose on results. 

A cyclic redundancy check (CRC) 

comprehensive and assures a higher degree of 

capability. 

Error Detection "at the Message Level": 

is much more 

error . detection 

An instrument receiving a programming command message can 

check the message for proper syntax so that all the data that is 

expected has the proper format. Commands not having the proper 

syntax should not be executed. Instead, a service request 

(SRQ) message should be generated and the status byte (STB) on 

the subsequent .serial poll should indicate a syntax error. 

An instrument receiving a programming command message can 

check the semantics of the message to see if they are meaningful 

and executable. For example, a power supply with a maximum 
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output of 50V should not attempt to execute a command that tells 

it to output 500V. Instead, a service request should be 

gener~ted and the status byte on the subsequent serial poll 

should indicate an execution error. 

The types of errors listed in the above paragraphs are 

generally human errors in programming instruments or controller 

generated commands' which produce out of bounds- conditions. The 

recovery from these errors normally involves human intervention 

and is beyond the scope of these recommended practices. 

Error Correction: 

Error recovery is often a required capability in systems 

having error detection. Specific error recovery techniques are 

beyond of the scope of this thessis work. Two common approaches 

are retransmission of data received in error and use of forward· 

error correction (for example, Hamming Codes). 
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IV. HARDWARE DESCRIPTION 

A. GENERAL VIEW TO CONTROLLER 

The control.1er is made by using an INTEL 8085 

microprocessor at working 6.144MHz clock rate. The controller 

is connected to a intelligent monitor via an RS 232C interface 

circuit. There is also another RS 232C interface circuit for 

printer. The later one can be used for communication with 

another computer by a little changing in software. There is a 

24-pin parallel port for parallel communication. GPIB interface 

is also available. 

The memory capacity of the controller is 64k byte. The , 

32k byte of this area is reserved for code of controller, and 

16k byte part (divided into two 8k byte area) is used. The 

other 32k byte area is divided into two 16k byte areas for RAM 

and EEPROM, but realized 4k byte of them. Available EEPROM and 

RAM areas are 2k bytes. 

B. MECHANICAL DESCRIPTION 

Phsycal dimension:The dimension of the contoller 

card is 160mm x 320mm 

Connectors: The controller card contains 4 connectors. 

The two of them-are standart D-type 25-pin connector for RS 232C 
I 

interface used: for printer and monitor communication. One of 

the connectors is 50~pin flat cable connector for parallel port 

connection. The last one is the standard type 24-pin ribbon 

. \ 



connector for GPIB. 

Glossary of Designation: 

A-Bus ... Address Bus (AO .. A15) 

AD-Bu.s .. Multiplexed address and data bus (ADO .. AD7) 

D-Bus ... Data bus (DO .. D7) 

C-Bus ... Control Bus 

TRAP .... Nonmaskable interrupt of microprocessor 

RST 7.5 Restart 7.5 interrupt of microprocessor 

RST 6.5 Restart 6.5 interrupt of microprocessor 

RST 5.5 Restart 5.5 interrupt of micropro6essor 

INT ..... Interrupt of the microprocessor 

CLK. . . .. Clock output of the microprocessor 

SCOMBR .. Serial communication baud rate clock 

TxD/RxD. Input/Output of the USART 

C. ELECTRICAL CIRCUIT DESCRIPTION 
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1. MICROPROCESSOR AND ITS SUPPORT CIRCUITRY 

a. MICROPROCESSOR 

. The controller has been designed by using an INTEL 8085 

microprocessor (U1) to execute all logical functions of the 

Controller. This 8085 is a 8-bit microprocessor with 64k byte 

memory, 256 byte I/O addressing capacity. It is operating at 

3.072 MHz speed without taken into HOLD state. 

b. CRYSTAL 

6.144 MHz crystal is used for the microprocessor timing.· 



The reset 

resistor (iOOk), 
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c. RESET CIRCUITRY 

circuitry consists of a diode (lN4148), a 

and a capacitor (luF). 

to RESET the microprocessor at power on. 

This circuit serves 

RESET IN input of the 

microprocessor stays at logic high level for a while. The 

capacitor of the reset circuitry charges to logic 'high level via 

the resistor. Therefore RESET OUT pin of the microprocessor 

stays at logic low level. RESET timing is dependent on the time 

constant of capacitor and resistor. Charge duration of the 

capacitor from OV to 3.6V is approximately 128msec. Discharge 

duration of this circuitry from 5V to 2V is approximately 

100msec. 

d. MICROPROCESSOR INTERFACE CIRCUIT 

U3 (74 LS 373) octal. latch is used for this purpose. It 

is used to separate multiplexed AD-Bus by using address latch 

enable (ALE) signal coming from microprocessor to enable of U3. 

When ALE is high it' indicates that the signals (AO .. A7) at AD-Bus 

are lower address signals (AO ... A7) and these signals are 

transmitted to the output of U3. U3 is never tri-stated because 

its output control pin is grounded. When ALE is low, signal at 

AD pins of the microprocessor are data signals and taken from the 

inputs of U3 and used as DO-D7. U2 (74 LS 373) is driver 

circuit for higher bits of the address bus. U4 (74 LS 245) is 

bidirectional buffer for data bus. 



2. MEMORY AND ITS SUPPORT CIRCUITRY 

a. MEMORY DECODER 
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Memory decoder consists of U5 (74 LS 138) and U6 (74 LS 

139). A15,A14,A13 lines of A-Bus are fed as 3 addressing bits 

of U5, so 64k byte memory are is divided into eight of 8k byte 

areas. The first two output of U5 is used for selecting of U7, 

and Ul0. In order to address the other four memory chips, U6 

is used. It contains two 2-to-4 decoder. The fifth" output of 

U5, All 

area into 

first part 

and A12 bits of A-Bus are used to divide 8k byte memory 

four2k byte memory areas. So two outputs of the 

of U6 are used to select two EEPROM chips. The 

second part 

output of U5, 

of U6 is used to select two RAM chips by using eigth 

All and A12 buts of A-Bus. 

b. MEMORY CHIPS 

The memory of controller is consists of 6 memory chips. 

These are: 

2 x 8k byte EPROM U7, Ul0 (2764) 

2 x.2k byte EEPROM U8, Ul1 (X2816) 

2 x 2k byte RAM U9, U12 (6116) 

one of the each item is optional. It will be used in future if 

necessary. 
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c. MEMORY MAP 

============~=========~================================== 
Selected IC· Address 

==~==========================~=========================== 

U7 EPROM 1 0000H ....... 1FFFH 
(2764 8k byte) 

U10 EPROM 2 (opt.) 2000H ....... 3FFFH 
(2764 8l{ byte) 

======================= =============================== 

U8 EEPROM 1 8000H ....... 87FFH 
(X2816 2k byte) 

U11 EEPROM 2 (opt.) 8800H ....... 8FFFH 
(X2816 2k byte) 

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

U9 RAM 1 F800H ....•.. FFFFH 
(6116 2k byte) 

U12 RAM 2 (opt.) FOOOH ....... F7FFH 
(6116 2k byte) 

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

3. I/O PORTS 

a. I/O PORT DECODER 

U13 (74 LS 138) 3-to-8 decoder is used to select 

necessary ports. A7, A6, A5 bits of A-Bus are fed as ~ 

addressing bits of U13. All I/O ports are selected as I/O 

mapped I/O. U13 selects seven ports; these are U14 (8253 

Timer) , U16 (8251 USART), U17 (8251 USART), U18 (8291A GPIB 

Talker/Listener), U19 (8292 GPIB Controller), U27 (8255 

Parallel port), U33 (74 LS 373 8-bit'Input port). E1 input of 

U13 is fed by IO/M output of microprocessor. E2A and E2B inputs 
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are pull down. 

b. TIMER 

This unit consists of two chips U14 (8253) and U15 (74 LS 

74). U15 is a two D-Flip Flop and used one of them to divide 

3.072MHz clock out signal of microprocessor for providing 

necessary clock signals of 8253's counters. U14 is a 

programmable interval timer counter. Its function is that of a 

general purpose mUlti-timing element. It is treated by the 

system software as an array of peripheral I/O ports three are 

counters and fourth is a control register for mode pragraminnig. 

Basically the select inputs AO and A1 are connected to AO and A1 

lines of A-Bus respectively. CS is connected to the seventh 

output of U13. . One of the counters is used to generate baud 

rate clock of USART's (U16, U17 8251). The other one is used 

for RST 7.5 interrupt of 8085. And the last one is spare. 

c. SERIAL INPUT/OUTPUT COMMUNICATION UNIT' 

This unit consists of two USART chips (8251) U16 and U17. 

They are operated at asynchronous mode and at x64 mode. 

Therefore SCOMBR clock which is obtained from U14 is divided by 

64 internally. One start, one stop, one parity bit added to 

the actual 8-bit data by the USART automatically. By 

programming U14 (8253) the baud rate can be changed, because 

SCOMBR is getting from U14. 

For printer interface TxD, DTR, and RTS outputs of U16 
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is fed to ~S232C transmitter chip U22 (MC 1488), U23 (MC 1489) 

RS232C 'receiver chip is fed to RxD, DSR, and CTS input of U16. 

For monitor just TxD and RxD pips are used with U24, U25 

RS232C interface chips. 

d. PARALLEL INPUT/OUTPUT PORT 

U27 (8255) is a three input/output 8-bit port. .These 

ports are selected by I/O decoder, AO and Al bits of A-Bus. 

U33 (74 LS 373) is another input port in order to input 

of the interrupt output of the 8292' TCI .(Task completed 

Interrupt). The other 7 bits of the port are spare. 

e. IEEE 488 BUS INTERFACE UNIT (GPIB) 

This unit· is consists of four chips U18, U19, U20, and 

U21. 

U19 (8292) is a IEEE 488 Bus (GPIB) controller interface 

element. It is used with the 8291A GPIB Talker/Listener and two 

8293 GPIB Transcievers to form a complete IEEE 488 Bus interface 

for a microprocessor. 

The interconnection of these four chips are made as the 

recommended form in which the data sheets of these chips, in 

order to implement full TALKER, LISTENER, CONTROLLER functions 

The microprocessor accepts them as I/O ports. 8292 has 

6 read register and 5 write register. Each one seems to the 

microprocessor as distinct ports. Also 8291A has 8 read 

register and 8 write register as the same form. The selection 
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for 8292 

AO,Al,A2 
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registers is provided by the address lines. AO line 

to select command registers and operation registers. 

lines for 8291A to select one of the 8 different 

registers 

The chip selects of 8292 and 8291A come from the 1/0 

decoder. Read and Write inputs are connected to the same 

outputs of the microprocessor. The only different is that" t;he 

reset input of the 8292 

is provided by using 

accepts inverted reset signal," so this 

an "inv~rter to reset out "of the 

"microprocessor and connected to the 8292's reset input. 

The interrupt output of 8291A and OBFI, IBFI, SPI 

interrupt outputs of 8292 are not used. Just the Tel interrupt 

is used bY connecting to the U33 (74 LS 373). The microprocessor 

checks this port "to learn the status of the controller after 

or before giving a command to the 8292. 
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d. I/O MAP 

----------------------------------------------------------------------------------------------------------------
I Selected Ie I A7 I A6 I A5 I A4 I A3 I A2 I Al I AO I 
I I I I I I I I 1 1 

----------------------------------------------------------------------------------------------------------------
1 U18 8291 A 1 d 1 0 0 0 0 X 1 X X 1 I 1 1 

:--------------:----:---- ----:----
U19 8292 1 0 1 0 1 0 0 0 1 0 X 1 1 1 

--------------:-___ 1 ___ - ----:----
U27 8255 1 0 1 0 0 0 0 1 X X 1 1 

--------------:---- ____ 1 ___ -

U33 74 LS 373 0 1 1 0 0 0 0 0 
--------------

U16 8251 1 0 0 0 0 0 0 x 
-------------- 1 

U17 8251 1 0 1 0 0 1 0 0 X I I 

-------------- ----:---- ----\----
U14 8253 1 1 0 I 0 0 1 0 X X I I 

----------------------------------------------------------------------------------------------------------------
X means that bits can be take the value of either 0 or 1 

according to port or register to be choosen. 
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V.SYSTEM SOFTWARE STRUCTURE 

A. INTRODUCTION 

UMSC system is a microprocessor based controller system. 

The main tasks of the UMSC are execution of user program and 

control of GPIB Bus properly. . In order to realize them, some 

sub-modules are necessary. . Those are; 

An editor to write user program into the nonvolatile 

memory. 

. .. A list function to display written program on i;o the 

CRT monitor . 

. .. A syntax checker to cont;rol the user program 

instructions whether they are written correctly or not. At the 

result of this check process, The program displays the errors 

and their.locations in the line, if exist. 

An interpreter to execute the correctly written user 

programs 

The mentioned sub-modules are activated by the special 

characters and each time only one routine can be activated In 

this way, no 'confusing occurs because of using the same data 

structures. 

All of these tasks are not time critical, 

activated on the background cycle. 

so they are 

By the execution of interpreter some measurement results 

or some test comments or headings might be written on the 

printer. It is obvious that printers are slower devives, if· 
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the controller waits the printer until the printer finishes 

desired printout, this is waste of time. In order to solve 

this problem,· the controller uses 'a printer buffer and formats 

it with desired output strings or/and measurement result by using 

ASCII characters, and leaves the buffer to the printer sender 

routine which activated by foreground scheduler. So the 

controller does not spend time while the printer is working. 

Another background sub-module is Monitor. This is for 

program development and debugging tasks. There is no relation 

between the mentioned tasks in above. 

All the sub-modules including the Printer Sender routine 

have state dri ven struct~ure. 

According to the above definitions of the software 

structure of the UMSC, the system software can be divided into 

two parts. These parts; 

Background S/W 

Foreground S/W 

B. SOFTWARE DESIGN HIGHLIGHTS 

Programming languages are PLM80 and ASM80 

S/N design is structured and modular 

Organized as two lewels, background and foreground 

Requires only one interrupt input which is used 

to activate the foreground. 
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C. ARCHITECTURE 

The software structure of controller is shown in Fig.5.1. 

After a power-on reset 'or an operational reset the program jumps 

to initialization routine. At the end of this routine 

microprocessor interrupt input is enabled. After that process 

the program passes the control to Master control routine which 

searches continuously the keyboard input routine. According to 

the input character, Master control branches to the desired 

sub-module if the pressed key is a valid key. 

~P~o~w~e~r~on~~Initializatio 
Reset 

Master 
Control 

Fig.5.1. General struct~re of controller 



1. DATA STRUCTURES 

EDFIL: 16 Bytes 

EDSTA : State entry 

COLUMN: Column pointer 

LINENO: Line pointer 

KEY Pressed key buffer 

IDLCTR: Empty line counter 

REDSTA: Return state entry 

RI Counter 

FIRST First, 1 ine number buffer 

LAST Last line number buffer 

ENDFLG: End fJag for interpreter 

JMPFLG: Jump flag for interpreter 

EDSPR : 5 Bytes spare 

WBUFER: 32 Bytes 

Key co1lectig buffer for editor 

CONY: 6 Bytes 

Binary to ASCII conversion buffer 

DISBUF: 33 Bytes 

Display buffer to send characters to the CRT monitor 

SYSFIL: 16 Bytes 

PRTCTR: Counter for 1.25 msec interrupts 

GPBCTR: Not used 

SYSCTR: Not used 

SYSSPR: 13 Bytes spare 

63 
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PRTFIL: 16 Bytes 

STAFL : Status file of printer output buffer (6 bytes) 

LINPTR: Line pointer for printer sender 

COLPTR: Column pointer for printer sender 

'DSRCNT: Printer USART DSR status counter 

FAILCT: Printer fail counter 

CARFLG: <CR> flag for line 

LPCNT : Empty printer buffer counter 

PRTSPR: 4 Bytes spare 

OBUFER: 6*80 Bytes 

Printer output buffer 

INBUF: 32 Bytes 

GPIB input buffer 

REG: 6*32 Bytes 

6 software register for GPIB input 

OBUF: 28 Bytes 

GPIB output buffer 

OBFCNT: 1 Byte 

Counter of elements in the OBUF 

VARA: 2 Bytes 

10K" variable 

VARB: 2 Bytes 

"L" variable 

LLIST: 2 Bytes 

GPIB listener list buffer 



TLIST: 2 Bytes 

GPIB talker list buffer 

MONFIL: 48 Bytes 

Monitor workspace 

2, INITIALIZATION 

Disable 
'nterrupts 

Hardware 

:initial i zatim 

Data area 
:initi al i zatim 

GPIB 

:initializatim 

interrupts 

Jump to 

rraster antrol 
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Fig,5.2 Flow chart of Initialization routine 

When the system reset by external reset switch or 
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power-on reset, the program jumps to the initialization routine, 

and initializes the hardware and data area according to the 

desired form. Before pass the control to the master control 

routine, enables the RST7.5 interrupt input, to activate the 

foreground. The flow chart of this routine is given Fig.5.2. 

INIHW initializes the serial ports to the communicate at 

1200 baud, and also initializes the timer to obtain necessary 

clock input; for serial ports and foreground activat~on interrupts 

to microprocessor at the value of 1.25 msec. 

3. MASTER CONTROL 

After initialization, the system is ready and waits at 

standby. It cont,iunously polls the CRT input routine. If any 

key is pressed from· keyboard, it takes the key and searches 

whether it is valid or not. According to the result of this 

search, the program passes the control to chosen module if the 

key is valid, or displays an error message on the CRT monitor if 

-the key is invalid. The flow diagram of Master control is given 

in Fig.5.3. 

4. EDITOR 

This module has a state driven key activated structure. 

It writ~s a pressed valid key into the nonvolatile memory which 

is divided 60 lines each has 32 bytes. 

The line number is the first entry of this routine. 

After taking this entry, program searches the given line- and 



dIsplays its content on to the CRT monitor .. 

N 

Get JMP 
address 

JMP to 
Desired :fur:ct. 

N 
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Fig.5.3 Flow chart of Master control routine 



y 

N 

IDLCTR=60 

Decrement 
it 

by 1 

EDSTA=l 

CALL 
EDSCAN 

RETURN 

y 

EDSTA= 11 

Fig.5.4 Flow diagram of EDCMD routine 
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Get 
State (EDSTA) 

DO CASE EDSTA . , 
CALL EDS001 

. , , 
CALL EDS004 
CALL EDS005 
CALL EDS006 
CALL EDS007 
CALL EDS008 
CALL EDS009 
CALL EDS010 
CALL EDS011 
END 

RETURN 

Fig.5.5 Flow diagram of EDSCAN routine 

The control characters of this routine are; 

<ESC>, <DEL>, <CR>, <BS>, <Right Arrow> 

69 
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<ESC> .. Edit current line and exit from editor 

<DEL> .. Delete current line and continue to next line 

<CR> ... Finish the current line 

<BS> ... Go one character back 

<Right arrow> ... copy one character to buffer from line 

While the typing line number, these control characters 

have similar effect except that any mistake turns the user to the 

start state. 

While edition, the editor picks and puts characters into 

a RAM buffer (WBUFER). After <CR>, WBUFER is moved to 

nonvolatile memory byte by byte. The interval of between the 

transfer of two bytes has to be minimumlOmsec. Because the 

writing a byte 

delay The flow 

and Fig.5.5. 

into the nonvolatile memory (EEPROM) needs this 

diagrams of editor routine are given in Fig.5.4 

a. DESCRIPTION OF EDITOR STATES 

EDSOOO: Editor exit state 

EDS001: Editor enter and preparation of getting line 

number state. 

EDS004: Getting first digit of line number state. 

EDS005: Getting second digit of line number state. 

EDS006: Preparation state for line eqition. 

EDS007: Character collection state. 

EDS008:' Transfer from RAM buffer to EEPROM byte by byte. 

EDS009: Messages to user that the no more empty line. 
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EDS010: Clears all lines if no -empty line, if desired. 

EDS011: Enter state to editor when all lines are full. 

The state diagram of editor is given Fig.5.6. 

SP 

ROOOill 

ESC 

Fig.5.6 State Diagram of EDITOR module 

ESC 



5. LIST FUNCTION 

y 

( 

EDSTA=l 

CALL 

LSSCAN 

. ~ , 

Fig.5.7 Flow diagram of LSTCMD routine 
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This module is for displaying the lines on to the CRT 

sequentially from given first line number to last.line number. 

It is similar to editor, except that, the editor wants 

one line number, the list routine wants one or two line number. 

Again it has state driven and key activated structure. 

the same data structures and temporary data areas. 

It uses 
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The list routine is activated from master control, if 

the user presses the <L> key on standby. The program jumps to 

the LSTCMD where the state number is given "1" (Enter state 

number of LIST routine). After that, LSTCMD makes a loop while 

the state is different from "0". If it is so, program returns 

to master control. The flow diagrams of ] ist. routine aregi yen 

in Fig.5.7 and Fig.5.8. 

Get state 
(EDSTA) 

DO CASE 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

END 

EDSTA 

Lss001 
Lss002 
Lss003 
Lss004 
LSS005 
LSS006 

Fig.5.8 Flow diagram of LSSCAN routine 
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a. STATE DESCRIPTION-OF LIST FUNCTION 

L 

A 
T 

Fig.5.9 State diagram of LIST function 

LSSOOO: Exit state from list routine. 

LSS001: Initialization state for list command. 

LSS002 and LSS003: The collection states of line number 

entries. In one activation of the list routine, the program 

can pass two time through these states, because· this routine 

needs two line number. 

LSS004: Preparation state for getting last line number. 

LSS005: Control state of given first and last line 

number entries. If they are not valid (for example FIRST> LAST 
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etc.), the program ignores the given numbers,and returns to 

start state. If they are valid, the program goes on and jumps 

to display state. 

L55006: Displays the lines from given first line number 

to last line number. After each line displayed, the program 

waits a key from keyboard. If the pressed key is not a control 

key, the program goes on to display next line. 

The cont-rol keys are "A" and "T". 

"A" ... to start display operation again fi'om first 1 ine· 

to last line previuosly defined. 

"T" ... to start. display operation from the top of the 

memory to bottom. 

The flow diagrams and the st.at.e diagram of the List. 

routine are illustrated in Fig.5.9. 

6. COMPILER 

The most important module of UMSC S/W is the· .. Compiler. 

It consists of two parts, 

Interpreter. When "C" 

one is Syntax Checker and the other is 

key is pressed by the user, if the 

system is on standby, The Master Control passes the control to 

the Compiler routine. 

The first requirement of this module is the beginning 

line number which will be compiled are~. The other requirement 

is the stop line number. This is done in a similar way which is 

used by the List routine. After giving those input data, the 

syntax checker part of the compiler begins to run. The flow 
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diagrams of this routine are illustrated in Fig.5.l0 and 

Fig.5.1!. 

states. 

N 

EDSTA=l 

CALL 
CPSCAN 

REWRN 

Fig.5.10 Flow diagram of CPTCMD routine 

a. STATE DESRIPTIONS 

CPSOOO: Exit state from compiler routine 

CPSOOl: Initialization state for compilation 

. CPS002 and CPS003: Fi~st and Last number collection 

The compiler pass those states two times for two line 

number entries. 

CPS004: Preparation state for getting last line number. 
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CPS005: Control state of given the first and the last 

line number entries. If they are not valid, the program 

ignores them and returns to start state (State .1). If they are 

valid, the program goes on and jumps to Syntax Checking state 

(State 6). 

Get State 
(EDSTA) 

00 CASE EDSTA 
, 
CALL cps001 
CALL Lss002 
CALL LSS003 
CALL Lss004 
CALL LSS005 
CALL cps006 
CALL cps007 
CALL cps008 

END 

REIURN 

Fig.5.11 Flow diagram of CPSCAN routine 



CPS006: 

error 

one or more 
syntax errors 

Fig.5.12 State diagram fo COMPILER routine 
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Syntax Checking state, it. takes each line 

beginning from first line to last line, checks them that they 

are empty or not. After skipping empty lines, it checks the 
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full lines. 

according 

preparation 

there are 

At the end of the operation if there is no error, 

to decision of the user, it goes on to interpreter 

state (State 7) or exits from compiler routine. If 

one or more errors, the program exits from compiler 

routine and enters to master control. 

CPS007: User decision wait state to go on or exit. 

CPS008: Interpretation state, It follows the same 

with the CPS006 in order to skip empty lines. It takes 

way 

each 

line and interpret it. After the interpretation of each line it 

checks the ENDFLG, If it is set, the interpretation is 

terminated and the control passed to the master control. 

The state diagram of this routine is illustrated in 

Fig.5.12. 

b. THE SYNTAX CHECKER 

Firstly, it is necessary that the giving a command of 

the UMSC language from the line. Generally a command consists 

of four parts. They are; Instruction, operand, Data field 

(if exists), and command terminator. 

INSTRUCTION: Consists of a character. 

OPERAND: Consists of 

characters might be <SP>, <Letter>, 

two characters. 

<Digit> . 

Operand 

DATA FIELD: There is not specified number of character 

in this field, but it is implicitly limited by the number of 

character in each line which is 32 bytes. The data field begins 

after the last operand character with a quotation mark and 



80 

finishes again vii th a quotation mark. 

TERMINATOR: Consists of a character. It isa semicolon 

<; >. 

The ASCII characters are used in those parts. A valid 

command does not exceed one line. 

c. TYPES OF COMMANDS 

There are eight different 

1.. <I><Digit,Digit><;> 

type commands as; 

2 .. <I><Digit, Digit><"><Data Field><"><; > 

3 .. <I><Letter,Letter><;> 

4 .. <I><Letter,Letter><"><Data Field><"><;> 

5 .. <1><SP,Letter><;> 

6 .. <I><SP,Letter><"><Data Field><"><;> 

7 .. < I > <SP, SP> <; > 

8 .. <I><SP, SP><"><Data Field><">~; > 

It is easily can be seen that there are four .different 

type commands. The others are derived from them by adding a 

Data Field. 

The 

it activates 

search until 

command. 

compiler after getting start and stop line numbers, 

the Syntax Checker. It takes a line and starts to 

a terminator is found, then it decides that is a 

During the terminator searching, it also moves the 

characters from line to a buffer. After then 

PARSING routine for the string placed into the 

it calls 

buffer. 

the 

This 

routine takes the first character which has to be an instruction 
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from the buffer and compares it with a.look up table PARTBL. If 

one of item of PARTBL matches the first character in the buffer, 

the parsing goes on to define the type of instruction by looking 

following entry in the PARTBL. According to the type of command 

a parameter is passed to the another procedure which checks the 

buffer for operand and data field (if exists). This procedure 

is named CHK$TYP. By the result of type checking, the Syntax 

Checking operation of a command finishes. During those controls 

occurs, the program of syntax if any mismatching 

displays the type and location of error on the CRT 

checker 

monitor 

immediately. And also it increments an error counter. At the 

end of the last command checking, if the error counter is zero, 

the compiler asks to the user to go on to interpretation or to 

exit from compiler. 

d. THE INTERPRETER 

The interpreter is activated at state 7 and state 8, if 

it is desired by the user. It has a similar structure with the 

syntax checker. It takes instructions from a line one by one, 

and executes the program which is related with the instructions. 

After execution of each instruction the interpreter checks the 

keYboard. Because if any key was pressed, this is an interrupt 

for the interpreter. If it is so, The interpreter te,rminates the 

execution and passes the control to the master control. That is 

the way to exit from an infinite loop because of a logical error 

in the user program. The interpreter, after each instruction 
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also controls the JMP flag (JMPFLG), -according to the status of 

JMPFLG, it goes on to next instruction or another line. 

The interpreter calls the EXECUTIVE for each instruction. 

It takes a value from a look up table (EXECTBL) related with the 

taken instruction. And then the EXECUTIVE calls the instruction 

realization program by using the taken value. 

7. GPIB ROUTINES 

It can be discussed in four parts. These are 

Initialization, Remote Enable, Send and Receive routines. 

a. INITIALIZATION 

This routine initialize 8291A (GPIB Talker/Listener) and 

8292 (GPIB Controller) chips. Therefore 

initialized. 

The only action for initialization of 8292 

the TCI (Task Completed Interrupt) interrupt mask. 

The initialization of 8291A is; 

the GPIB is 

is to enable 
I 

-to disable both major and minor addresses. Because 

8291A will never see the 8292's commands. 

-to set Talk only mode 

-to set internal counter to match to the clock input of 

8291A. 

-to clear all interrupts of 8291A. 

The flow diagram of this routine is shown in Fig.5.13. 
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\ 
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internal 
counter 

Clear all 

interrupts 

REI'URN 

Fig.5.13 Flow chart of GPIB init"ialization 

b. REMOTE ENABLE 
~ . 

This'is done by using a feature of 8292. A special code 

which is written into an input register of 829~ provides it. 



The flow diagram of this routine is shown in Fig. 5 .. 14. 

N 

Set 8292 
"REMOTE MODE" 

RETIJRN 

Fig. 5.14 Flow chart, of Remote enable 

c. SEND 
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First all devices on the bus are put Unlisten. mode, and 

then desired device is addressed by using its device address to 

listen. After that 8291A is enabled to send data bytes, and 

the 8292 is put to Standby. Now 8291A can start to send data 

bytes to addressed device via GPlB. At the transmission of last 

byte, EOl line is activated to imply that this byte is the last 

one. After that, 8292 takes the control of bus again. The 

flow diagram of this routine is illustrated in Fig.5.15. 
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Fig.5.15 Flow chart of Send routine 
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d. RECEIVE 
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Fig.5.16 Flow chart of Receive routine 
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This routine is the dual of the send routine. First all 

devices on the bus are put on Untalk mode, and desired device is 

addressed by using its device address to talk. After that 8291A 

is enabled to receive incoming bytes from GPlB and 8292 is put to 

Standby. And then 8291Abegins to receive data bytes from bus. 

After receiving of the last byte which is pointed by EOl line, 

8292 takes the control of GPIB. The flow diagram of this 

routine is illustrated in Fig.5.16. 
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VI. MAN MACHINE INTERFACE 

A. INTRODUCTION 

The UMSC can work in four different modes. Each of 

these modes can be activated by special key while the controller 

in SYSTEM MODE. 

B. SYSTEM MODE 

When the controller is power on or reset, It will enter 

to the system mode and displays a message and a prompt (#); 

GPIB SYSTEM IS READY 
# 

While the'system is in this mode the <#> prompt is on the 

CRT. After the realization of each task this prompt is 

displayed. If any wrong key is pressed, an error 'message is 

displayed; 

SYSTEM ERROR ! 
# 

The system mode commands are activated by using upper case 

letters. Those are; 

<E> .... Enters to the ED ITOR 

<L> .... Enters to the LIST routine 

<C> .. ; . Enters to the COMPILER 

<M> .... Enters to the MONITOR 
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C. EDITOR MODE 

In. this mode, the controller edits user programs and 

stores it into a nonvolatile memory. The editor of UMSC is a 

I ine editor .. The nonvolatile memory is divided into 60 lines. 

Each line is 32 characters of length. The user can copy a line, 

delete a line, delete previous character, clear· user program 

area. The lines are sequential in the memory. So the lines 

are automaticaly numbered. The user can begin to edit from any 

line. 

Enter to Editor: 

While the controller is in the SYSTEM MODE, by pressing 

<E>. a message is displayed; 

LINE EDITOR 
nnn LINE(S) FREE 
TYPE LINE NUMBER 
$ 

If all lines are used, a full area message is given; . 

NO IDLE LINE 
PRESS RUBOUT KEY TO CLEAR ALL LINES 
PRESS SPACE TO RETURN LINE EDITOR 
PRESS ANY KEY TO EXIT 
$ 

Entering Line Number: 

After "TYPE LINE NUMBER" message is displayed, the user 

can type line number. The controller only accepts digits. The 
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line number' can be between 0 and 59. 

Editing a line: 

The editor displays the desired line number with its 

content 1n the first line, and opens a new one with the given 

line number. After that, the user can edit line by using 

keyboard. For example; 

or 

001 023"F4,R5"; 
$001 

001 
$001 

Copying a character: 

It can be made by using' cursor right key, if the line 

was previously edited. By this way a wrong character can be 

changed. For example; Changing R5 to R6 

001 023"F4,R5"; 
$001 023"F4,R6"; 

Changing previous charater: 

It can be done by using cursor left or back space. The 

cursor is moved one character left and new character is written. 

New line: 
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The·carriage return is used to finish the current line 

and continue the next line. 

Delete a line: 

This is done by using RUBOUT. The editor deletes the current 

line and passes the next line. 

End of a line: 

Each line can have 32 characters,' so while edition of 

last two character, the user is warned by a "BEEP" sound. 

After the edition of last charater, the editor passes to next i 

line. 

Exit from Editor: 

By pressing <ESC>' key,· the user can exit from the 

Editor. If one or more character is written, the editor saves 

them into the nonvolatile memory and the exits. If no character 

is written into the line or while enterring the line number, the 

editor just, exits and returns to the System Mode. 

Note 1: After the edition of last line (line 59), 

message is displayed; 

NO MORE IDLE LINE 
PRESS SPACE TO RETURN LINE EDITOR 
PRESS ANY KEY TO EXIT 
$ 

a 

Note 2: When enterred to editor if all lines were used, 
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a message is displayed: 

NO IDLE LINE 
PRESS RUBOUT KEY TO CLEAR ALL LINES 
PRESS SPACE TO RETURN LINE EDITOR 
PRESS ANY KEY TO EXIT 
$ 

If the rub out key is pressed, . a message is displayed; 

WAIT 

After about 20 sec another message is displayed; 

PRESS SPACE TO RETURN LINE EDITOR 
PRESS ANY KEY TO EXIT 
$ 

D. LIST FUNCTION 

The format of List command is as below; 

LIST FROM nn TO mm 

Where the nn is beginning line number and mm is stop line 

number. For example listing of program written between line 0 to 

3. 

LIST FROM 00 TO 03 

000023 I F4,R5";W20; 
001 123 I W"; 
002· D Wi· 
003 E .; 



To list the program any key have to 

continuosly' 

To stop the list no key is pressed 

To list from given first line again~· <A> key 

To list from top of the 

·To exit ~ <ESC> key is 

LIST FROM 07 TO 15 

007 023IF4~R5"j 
008 W20j 
009 I23"W" j 
010 D W; . 

007 023:F4~R5"j 
008 W20; 

000010"S3,;T5"j 
001 W50; 

# 

E. COMPILER 

EEPROM area~ <T> key 

pressed. 

If <A> is pressed 

If <T> is pressed 

I f <ESC> is pressed 

The' compiler is consists of two parts; 
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be pressed 

is pressed 

is pressed 

The Syntax 

Checker and The Interpreter. The user can enter to the compiler 

via the syntax checker. After pressing <C> while controller is ni 

System Mode~ the compiler is active. 

The format of compilation start command is as below; 

COMPILE FROM nn TO mm 

Where. the nn is start line number and mm is stop line 
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After giving those numbers, a message is displayed on 

the CRT monitor. 

RUNNING 

While the syntax checker is active, ail the syntax 

errors are displayed on to the CRT monitor. The error messages 

will be defined later. 

The syntax checker calculates the number of errors and 

displays it at the end of the syntax checking process. If at 

least one error exists, the compilation is terminated and the 

controller returris to the System mode. 

If there is no error, the compiler messages to the user; 

NO ERROR(S) FOUND 
PRESS <Y> TO EXECUTE THE PROGRAM 
PRESS ANY KEY TO EXIT 

If . <Y> is pressed, the compiler passes to the second 

part(Interpreter), and begins to interpretation of user program. 

If any other key is pressed, the controller enters to 

the System Mode. 

F. MONITOR 

This routine can be activated by pressing <M>, when the 
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controller "is in System mode and terminated by pressing <ESC>, 

when the controller is in Monitor mode. This routine is for 

"manupilating the controller hardware and data structures 

manually. The instructions are defined as below; 

1. MONITOR INSRUCTION SET 

SUBSTITUTE COMMAND: ( >Sabcd ) 

When addressing the entry last 4 digits are considered to 

be valid, also less than 4 digits may be entered. When space 

bar is pressed current entry is displayed. 

>S2379 46-FF 46 

Subsitute operation is performed only after a space bar 

or carriage return. Prompt is displayed following a carriage 

return. 

DISPLAY COMMAND: ( >Dabcd-uvwy ) 

abcd gives start address (last 4 digits) and uvwy gives 

end address (always last 4 digits, also less than 4 digits can 

be used). After carriage return, the required memory block is 

displayed in the format shown below: 

>DO 20 
0000 C3 40 00 FF FF FF FF FF FF FF FF FF FF FF FF FF 
0010 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0020 FF 

To stop display operation ESC key can be used. 
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INPUT COMMAND: ( >1 pq xy ) 

Performs input operation from port designated by pq and 

displays data read as xy ego 

>1 60 02 

means input operation from port 60 reads 02 . If after port 

number carriage return is pressed the data is displayed as 

follows: 

>1 60 
02 
> 

OUTPUT COMMAND: ( >0 pq xy ) 

Performs output operation of data xy from port pq. 

Operation is performed after pressing space bar or carriage 

return. 

>0 40 30 

DISPLAY REGISTER COMMAND: ( >X ) 

Displays the register values to be used when G,T or B 

command is to be used. The sequence is as follaws: 

XF=OO A=Ol C=02 B=03 E=04 D=05 L=06 H=07 S=2700 P=3800 #=3807 

F ... flags 
A ... Accumlator 
C ... C register 
B ... B register 
E ... E register 



97 

D .. :D register 
L ... L register 
H ... H register 
S ... Stack pointer 
P .. :Program counter 
# ... Break point address. 

Any of these values can be changed as follows: ego 

XC=02-73 B=03-

After enterring 73, pressing carriage return also 

performs the required change operation. This time prompt is 

displayed instead of next register. 

GO COMMAND: ( >G ) 

Starts executing the code located at the memory pointed 

by' program counter. ego if program counter has the value 

3800H, G command 'causes control to be passed to the program 

starting at location 3800H. Only after a return instruction 

outside nested CALL's and RETURN's control returns to monitor. 

Stack pointer should be initialized to a value such that called 

program can use an unused portion of RAM as stack. 

GO COMMAND WITH BREAK POINT: ( >B ) 

Before performing this command, program counter, stack 

pointer and break point values should be entered properly. 

Break point sholud be the address of the memory location 

containing the first operand of an assembler instruction. ' After 

every instruction control is returned to the monitor. Therefore 

programs executed with breakpoint require more time than executed 
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with go command. 

SINGLE STEP: ( >T ) 

Before performing this command, program counter and 

stack pointer should be updated. Any valid assembler 

instruction can be executed. If instruction does not destroy 

workspace area of monitor, or disturb the communication hardware 

interfacing to the user control returns to the monitor after 

every instruction (only' for HLT instruction this is not 

possible) . 

Variables: 

and real. 

G. UMSC LANGUAGE 

There are two kinds of variables; integer 

K and L.integer are integer variables. They can be used 

for counter. 

U,V,W,X,Y,Z are real 

consists of 32 bytes length. 

variables. Each of them is 

The value are stored in ASCII form 

in them. They can be displayed. 

1. INSTRUCTIONS OF UMSC LANGUAGE 

All instructions are single character instruction. 

of them needs operand and data. 

OUTPUT: 

Some 

This instruction performs output a character string to 



the GPIB.The syntax of instruction is as follow; 

O<operand><data field> 
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Where operand is two digit which is specifies the number 

of device will receive the character string. In t4e IEEE 488 

standard device numbers should be between 0 and 31. The data 

field is the character string. 

024 "F4, R5, WO, ?"; 

the commas are ignored in the data field. 

INPUT: 

This 

GPIB which 

instruction performs input a character string from 

is sent device specified by operand. The syntax of 

instruction is as follow; 

I<operand><data field> 

Where the operand represents the device address. Similarly 

it should be between 0 and 31 Data field is point the which 

register will used to store input data. 

124"X" ; 

WAIT: 

This instruction performs a wait operation before the 

execution of the next instruction. The unit delay is 250msec. 

The syntax of instruction is as follow; 

W<operarid> ; 

Where the operand is specifies the number of unit delay. 

It can be between 0-99. Therefore maximum delay is 25sec. 
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EQUAL: 

Thi~ is for initializing the"K or L register. The 

syntax of instruction is as follow; 

=<operand><data field> 

Where the operand is specifies K or L register which will 

be inialized by the value specified in data field. "It should be 

a space between instruction character and register name. 

= KI230"; 

DECREMENT/INCREMENT: 

This instruction decrements/increments the value of 

integer variable. The syntax of instruction is as follows; 

-<operand> / +<operand> 

Where operands specify" K or L variables with a space 

character between instruction character and integer variable 

name. 

or 

The real variable names can not be used. 

- K; 

+ L; 

COMPARE: 

This is for comparing the values of two 

variables. The syntax of instruction is as follow; 

C<operand> 

integer 

Where operand specifies the sequence of variables in the 
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comparision: 

variables. 

This instruction can be performed only integer 

CKL; means K. > L ? 

or 

CLK; means L >- K ? 

At the result of comparision, if the condition is 

satisfied the next instruction will be executed. 

so, next line will be executed. 

If it is not 

JUMP: 

This instruction jumps the soecified line and goes on 

from that line. The syntax of instruction is as follows; 

" J <operand> 

Where the operand points the line number. It should be 

in the area which is specified by-the start and stop line numbers 

given at the beginning of compilation. And also it should be 

_between 0 to 59. Because there is 60 lines specified 

sequencially for writting user program 

user. 

J23-; 

S COMMAND: 

This is a special instruction for giving a decision to 

It terminates the execution of current user program. 

And then user can give decision of going on the part of program 

or restarting from beginning line of program or exit from 

compiler and return to system mode~ The syntax of instruction 
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is as follows; 

S<operand> 

Where the operand consists of two space character and is 

not important. 

S 

During the compilation if the current instruction is a S 

command, a message is displayed, that is; 

PRESS <C> TO CONTINUE 
PRESS <R> TO RESTART 
PRESS <E> TO EXIT 

This instruction can be used for debugging a part of user 

program or to give. a delay to user for changing measured resistor 

or capacitor e.g. wi th new one. 

REMARK: 

This is for giving information about the program. It is 

not executed. The syntax of instruction is as follows; 

R<operand><data field> 

Where the operand is two space charater and it is not 

important. The data field consists of the given information. 

R "RESISTOR TEST PROGRAM"; 

END: 

This instruction shows the end of program. It should be 

all the written programs. The compiler terminates the execution 



of the user program with this instruction. 

instruction is as follow; 

E<operand> 

Where the operand is two space character. 

E 

> COMMAND: 
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The syntax of 

This instruction displays the GPIB Input buffer on to the 

CRT monitor. It can be used after a INPUT ( I) instruction, 

to see incoming data. 

> <operand> 

The syntax of instruction is as follow; 

Where the operand is two space characters. 

I23 I X";> ,. 

D and B COMMANDS: 

These instructions are for the displaying contents of one 

.of the six real register with/without a comment on the CRT 

monitor. One difference between D and B commands is that 

warning the' user with a BEEP sound while execution of B command. 

So the user can trace the results and can interrupt the execution 

of current user program. The syntax of instructions are as 

follow; 

D<operand><data field> 

or 

B<operand><data field> 

Where the operands can be a space and a letter which 
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specif~es one of the six real variables. The data field consists 

of comments. 

D V"Measured Value= "; 

or 

B X"Frequency = "; 

If the value of V is 23.34 E03 KOHM, the effect is on 

the CRT monitor is as follow; 

Measured Value= 23.34 E03 KOHM 

P COMMAND: 

This instruction is similar to D and B commands except 

that it sends the results and comments to the printer. The 

syntax is similar to D and B commands. 

P<operand><data field> 

P W"Value of resistor is '''; 

If the value of W register is 12.929 OHM, it can be seen 

. on the print out as follow; 

Value of resistor is 12.929 OHM 

H. ERROR MESSAGES 

While the syntax checking, if there is a writting fault 

in the instruction or line, the compiler sends an error message 

which specifies the type of error and points line numbe,r and 

location of error in the line. 
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SYNTAX ERROR: 

If, the parts of instruction are confused, it causes a 

Syntax error. e.g. 

002 I24"X"; W20; 

A space, after the first instruction causes this type 

error such that; 

SYNTAX ERROR IN 002 NEAR W20 

UNRESOLVED INSTRUCTION ERROR: 

If an unexistent instruction character is used, it 

causes an unresolved instruction error. e.g. 

002 ZOO; 

This causes as follow error message; 

UNRESOLVED INSTRUCTION IN, 002 NEAR ZOO 

WRONG OPERAND: 

If ,the operand of instruction 1S undefined type, it 

causes a Wrong operand, error. e.g. 

003, WOA;B03"value ="; 

This line of code causes two wrong operand error 

messages. 

WRONG OPERAND IN 003 NEAR WOA 
WRONG OPERAND IN 003 NEAR B03"value _" 
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UNEXISTENT VARIABLE: 

. If 'there is unexixtent varible in operand or data field, 

it causes an Unexistentvariable error e.g. 

003 + A; 123 "Q" ; B H"value is "; 

This line of code causes three wrong unexistent variable 

error message. 

UNEXISTENT VARIABLE IN 003 NEAR +, A 
UNEXISTENT VARIABLE IN 003 NEAR I23"Q" 
UNEXISTENT VARIABLE IN 003 NEAR B H"value is" 

UNTERMINATED INSTRUCTION: 

All the instruction should be terminated by <;>. If it 

is not so, an unterminated instruction error message occurs on 

the CRT monitor. e.g. 

003 I20"W";R "INPUT VALUE" 

This line of code causes an error message as follow; 

UNTERMINATED INSTRUCTION IN 003 NEAR R "INPUT VALUE" 

MISSING QUOTATION: 

If the quotations which specify the data field are 

missing, a missing quotation message occurs on the CRT monitor. 

e.g. 

002 020F4,R3,S6"; 
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003' I20"W; 

This program part causes two error messages as follows; 
I 

MISSING QUOTATION IN 002 NEAR 020F4,R3,S6" 
MISSING QUOTATION IN 003 NEAR I20"W 

INVALID CHARACTER: 

If there are more character than the desired quantity, 

it causes an invalid character error on the CRT monitor. e.g. 

002 I20"W A";B W"MEASURED VALUE _" . - , 

This line of code causes an error message as follow; I 

INVALID CHARACTER IN 002 NEAR I20"W A" ·1 

END NOT FOUND: 

All ·the user programs. should be lasted by an END 

instruction, if it is not so, an End not found error occurs on 

the· CRT Monitor. ~.g. 

000 R "RESISTOR MEASURING"; 
001 020"F4,R3,S5,?";W35; 
002 I20"W"; > 
003 P W"RESISTOR VALUE = "; 

If the compilation was begun by giving 00 as start line 

number and 03 as stop line number, At the end of the compilation 

an end not found error message is given such that; 

END NOT FOUND IN 003 NEAR 
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OUT OF RANGE: 

This kind error occurs when the operand are digits and 

also they are out of, range. e. g. 

000020"F4,R5,S5,?"; 
001 = K" 100"; = L "0" j 145 "W"; 
002 + LjCLK;J45; 
003 D W"VALUE"; 
004 J01; 
005 E 

This user program causes error as follows; 

OUT OF RANGE ERROR IN 001 NEAR'I45"W" 
OUT OF RANGE ERROR IN 002 NEAR J45 

WRONG DATA TYPE: 

If there are letters or characters different from digits, 

while the compiler waiting digits in data field. This kind of 

error occurs on the CRT monitor. e.g. 

003 = K"AD"; 

This instruction causes a wrong data error, such that; 

WRONG DATA IN 003 NEAR = K"AD·" 



VII. CONCLUSION 

In the previous sections of this thesis, 

defined, the hardware and software structure 

described in detailed form. 

the GPIB 

of UMSC 
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was 

were 

With the design of UMSC, a basic language was created. 

It has 15 different instructions such as jump, compare and 

increment/decrement. Therefore the basic software routines can 

be written by using UMSC language. In future, some new 

instructions can be added easily. The structure is available to 

do it. The UMSC language is not one of the well known high 

level languages. So some features of them can not be found in 

it such as floating point arithmetic, arrays etc. ~ However 

they can be implemented by changing the hardware and software 

structure of the system in future, if desired. 

The line editor of UMSC was designed to answer most of 

the edition problems of user. The finest solution is a screen 

editor. Different types of CRT monitors use different control 

characters for formatting the screen. One of the design aim of 

UMSC is compatibility for all CRT monitors. Therefore a screen 

editor could not be realized in UMSC. 

The compiler was realized in the two p~ss form. The 

first pass checks syntax of instructions and displays errors on 

CRT monitor. If there are no errors in the first pass, the 

compiler allows the second pass. It interprets and executes the 
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user program. 

With the design of the UMSC, different type of 

measurement' instruments which have remote controi capability, 

can be controlled easily via the GPIB.· The UMSC offers the 

possibility of a printer to take print-out of meas.urement 

results. It also offers a parallel input/output port different 

from GPIB for future developments such as communication with 

another microcomputer or to drive a relay circuit which is 

established for the test set. 

In the current design of UMSC, it is provided that 2x8K 

EPROM, 2x2K EEPROM, and2x2K RAM memory comfiguration is 

available. It can be increased up to 64K totally for future 

appl ications. 

If the user has a line printer which can be controlled by 

GPIB, the serial port designed· for communication with printer 

can be changed for communication with another system by minimum 

S/W and H/W changing. 

It is designed for using individually, but it can be 

changed easily to GPIB module for a personal computer by 

establishing necessary parallal or serial communication between 

them. 

For the future developments in UMSC, a CRT controller 

and a CRT monitor with a keyboard can be added to obtain a 

compact system. 

disk drive can be 

In order to increase memory capacity a 

applied. It might be necessary 

floppy 

a DMA 

controller to handle memory operations. Another development can 
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be done in' the way of changing UMSC as GPIB board for 

microcomputers. UMSC.can act upon the microcomputer as a· port 

and works according to the task given by the microcomputer. By 

using this approach microcomputer is free from consuming time for 

GPIB communication control process. 
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APPENDIX A 

. GIRCUIT SHEMATICS 
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APPENDIX B 

SOURCE LISTINGS 



'Pfl!jI::IUU I H U:IV 1 
~H+HIIUnllnUlnUI11111UI1IUlllunUIIUUU ".,' 

~H 

;* lWlVERSAI.. ~ SYSTEl'l ' H, 

;* CONTROLLER WITH GPIB H 

~* 7 
H 

~* 7 
INITIALIZATION H 

~* , H. 

,~* 
7 

FILE ffl!IlE : lNOOlA. S03 .. 
;* PIODU!.E DEF. : VECTOR TABLE ' H 

;* DATE : JIJIRCH 09 1986 H 

;t AUi'HDR : ILAAN NEDIMALP H 

;t H 

;Illlllllllllllilltllllllllllllllllllllllllllllllllll' " 

. , 

ruBlrc' VECTOR 

EXTRH INPORT 
EXTRN RSi15 

CSEG 

;tlIlHI;f.U~IEfiI,*,UHI;f.I~nHI+nHlffilf1nHI;f.U~IEfiIf1I1HI;f.I~nEfiI+nHlffilf1UHI;f.n~IEfiIf1nHI+n~IEfiIHU ,;,. 

, ; .' PROCaJURE :' VECTOR 

. , 

FOCTIDN' : Controls thE? systetr,addressinq dur-inq 
interru¢s1 reset and TRAP 

PU! au .. : HONE, 
IHPUT :TI'le last reset OJ' tl'ilP address 
OUTPUT ., : HONE 

8.00ALS : Nrr-E 
ailS : INPORT' 
DESTROYS : AE 

VECTOR: 
.»IP INPORT ;RST 0' 
RST 0 
RST' 0 

, RST 0 
RST 0 
RST () 

.»IP INPORT ;RST 1 
RST 0 
RST () 

RST () 

RST () 

RST () 

.mP IHPORT ;RST 2 ' 
RST 0 
RST 0 
RST () 

RST () 

RST () 

.»Ill INPORT ;RST 3 
RST () 

RST 0 
RST () 

RST' 0 
RST () 



JMP INPDRT ;RST4 
RST (I 

.DIP INPORT ; TRAP 
RST (I 

.DIP INPORT ;RST- 5 
RST (\ 

.DIP INMRT ;RST 5.5 
RST (I 

.DIP IHPORT ~RST6 " 

RST (I 

.DIP . IHPORT ;RST 6;5 
RS! (I 

JMP INPORT ;RST 7 
RST (I 

.1MP RST75 .. ;RST 7.5 
RS! (I 

em . , 



$MGBIIDTIHOO}, " 
;tllllllllllllllllllllllllllllllllllllllllllllllllill,~ 

H: 

;f 
;f 
;f 

lWIVERS~.: lEASUREJIIEUT '5YS19f :, ." " 
CONTROLLER WITH GPIB 

IHITIALIZATI0t4 ' 

;f FILE NAIE 
;.. PIODlI..E' JJEF. 

,: lNOO2A. S02' 
: INIT. (F lL.'l55 AND OFF-lINE 
: IDJ. 30 1985 : .' ' ·,;f DATE,,' 

;f AUTHOR : IlfjIH HEDlf! AUl 

H', 

'H 

H 

H 

H 

H 

H 

H 

;f H 

~ ;11111111111111111111111111111111111111[1111111111111 

, 0 , 

o , 

o , 

· , 

NAME INlPO~ 

PUBLIC INPORT 

EXTRN INIIl.1.. 
EXTRN' PORT'" 

01111111111111111111111111111111111111111111111111111 -.' , .~ 

" ; , "PROCEDURE' INPORr 
; FlKTIOO': INITIAlIZATION £IF 8255' ',' 
;M CIU : N£l\t 
;' INPUT : HIJ£ 
; OOTPUT : NIl£ 
; SlOM..S', : PORT's 
; 'Dl!.lS: ~ 
; DESTRDYS: A ' 

· , 
IHPORn ,", 
o , 
; Initialization of lL.'l55 ,of the Systelt 

, ; II ~rt OUT, B port OUT, C Dort IN/ruT, 

· , 

· , 

· , 

DI 
INI 

'OOT 
OOP 
HOP 
t(}P 

:IMP 

EHD 

A,8SH ; c-m'ltrol'word 
lOW PORTDi 

INIIU. 



$M6EWIDlli (oo} 

;1111111111111111111111111111111111111111111111111111",: 

·t " .. , 
;. lJNlYERSSl. MEASUR9IEHT'SVSTEH',:- .. 
;.aJHTRW.ER WITH SPIB" 
;t 
;. INITIlUZATION .. 
;t .. 

': ';i- :FlLE NAME : INOO3A.S07 .. 
( ;t .muLE DEF~": INITI~ImTI(JLOF ~ SVSTEM' ' .. 

;t DATE : Jll.Y31 1986 .. 
;~ " MHOR .: ILHAN NEDIH $l;P .. 
;t .. 
;111111111111111111111111111111111111[[111111[11[1111,. 

rw£' ALlINI 

PUBLIC INIIU'"" , 

EXTRN INIHW ,,' 
"EXTRN ' MASTER 
EXTRH' ' STKENlr 
EXTRN 'INZERO 
EXTRH' INIT 
EXTRN REM:: 

'"£SEG 

· , 
;11111111111111[111111[11111[1111111111[1111111111111.~ 

';PROCEDURE : 'INIAU. 
'FlKTION'; : INITIALIZES 'ALLDF THE SYSTEM", 
POI au ,: HOOE 

; INPUT' : NONE ':, 
OOTPUT : ~, ; 

; GLOBAlS .': HONE' " " 

• , 

CALLS : lNIHW,INZERO,INIT,REME 
DESTROYS ;, I JILL ' : 

INIALL: 

· , 

~I 

SI" 
LXI 

, ·:"OU 
,CAll. " 

C1L1. 
CALL ' 

MVI 
SI" 

EI 

A,lFH "; flaSk of SI" 
; set interrupt flask 

SP,STKEND; init st~k pointer " 
, ''INIHW ; initilization of hardware 

INZERO; initilization of data 'area 
INIT , ; initilizatiors of SPIB chips 
ReIE, "' ; put SPIBbus into retIIOte lIode 

A, 1BH" ; enable RST 7.5 " 

, lMP rmrER 



fPAGE\lIDTIH80) . 
;fIIIIIIIIKIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-, 
;f ·H :. ... 
• OOIVERSSl. J£ASUREMENT"SYSTEM : H ... • IllHTRIl.I.ER wm~ SJlIS H 

;f If 

;f INITIIl.1ZATIEW If 

;f If 

;f: FILE NAME : lNOO4A.503 If 

;f DJLE .ne=; . : HARDWAAE INITIIl.IZATl~ If 

;* DATE : JfARflI 09 1986 If 

;f .Mlf[}R: : lUilN NEDI~ ~J) If 

;f H 
;1111111111111111111111111111111111111111111111111111 : ~ 

· • 

~ INICPU 

PUBLIC' INIHW 

EXTRN TIMERO, TIMER1' 
EXTRN TIMER2, TIKERC 
EXTRH' USRTPC, USROC' : 

; IIIOde I ~ :definitions:, 

lJIOIlEM . EOO .: 
tJlJDEJl . SID 
tJ:OI!IIj . EOO:' 

. taJfll .' BlU 
.. , 

.4FH ; Usart.ode I ~S": 
4FH 
.~. 

2Si 

;1111111111111111111111111111111111111111111111111111 ; 

; :. PROCEDURE : INIHW 
; FUNCTION .: INmAl..IZATIOO OF ·ll£CPU HW 
~ '. PUI ·au : HIJ£ 
; INPUT'..: NONE 'J 

; . OOTPUT : N[JoE: 
GlOBALS·· : ADDRESsesOF' USARTs~T1MER5 . 
. CALlS .: N£JE 

; DESTROYS· :.A' 
.. , .. , 
IHIHW: 

· , 
; InitializatitmDf . B253 Clf the Systa-' ; 

· , 

· , 

IilYI 
ruT 
MlP" 
MYI 
ruT 
MlJl 
MYI 
ruT 
NlJl 

A,36H ; control "fmf fer- cetmter-- (} 
LOW TIl£RC 

A,&JH ; least siql'l. byte 'Of ceuntO 
UJI TI~ 

A, om ; IICSt siqn. byte' of cetmtO 
. LOW TIMERO 

MYI' A, 76H ; cel'ltrol "oro fer rotmtel" 1 
OOT UJlTI~RC 

MlP 



· , 

MYI 
OOT 
IfJP 
MY!" 

.;, OOT 
IfJP 

MYI' 
OOT 
IiJP 
IfiI 
OOT 

, IfJP 
MYI 
OOT 
MJP 

A, OOH ; least siqn. byte 'of coum 1 
. LOW TIMERl 

A, 3CH ; twst si~l'I. byte' flf coum 1 
" LOW TIMER! 

A, OB6H; col'ltl-ol MOrd ,for counter2 
UJI TIMER£: 

A,l4H .; least. siql'l. ' byte ,of count 2 ' ; 
. LOW TIJlER2 

A, OOH ; 6St "siqn. byte of count 2 . , 
LOW TIMER2 

; il'litialh~aiiol'l oft~ -usads .~; 

· , 
; Monitor" sUSART, 

· , 

XRA 
ruT 
OOT 
ruT 
MYI 
'ruT 
MJP 

; MYI 
ruT 

, 'HOP 
MYI 

'" 'OUT 
, NlP 

A 
LOW USROC ; syrc 
LOU USROC" " 

,LOW USROC . 
A, 400 ; reset 8251' '/ 
LOW USROC 

A,OCOI9I' ' 
LOW USRTMC 

; Printer' 5 USART 

IRA A 
ruT ' LOW USRTPC ; syrc 

'ruT LOW USRTPC"'" 
ruT LOW USRTPC 
MYI A,4OH ; reset 8251 
ruT lOW USIITPC 
MJP 
MYI A,OODEP 
OOT ' LOW USRTPC 
NlJl 
MYI A, lJEXIMP' 
OOT 'Ltli USRTPC 
tiJP 

RET' 



fPASSlIDTH(80) -
;IIIIIIIII'lllllllllllllllllllllllllllllllllllllllllt---
of *f • 
;f tJNIVE~ JIIEAS!.IR8@fT SYSTEM -H 

:f -awTROllER WITH GPIB *f 

of • ;f 
INITIAlIZATION 

;f FILE NM : lNOO6A. 507 - H 

;f JIIODIJI..E DEF. : UTILITIES 0.= INIT. MODULE H 

;f DATE : Jl1.'r' 31 1986 H 

;f AUTIflR r ILHAN r£DIM -AlP H 

;f H 
;1111111111111111111111111[11111(1111111111111111[[11 

· • 

· , 

· , 

t-IV4E UTIHIr 

PUBLIC KOYBD,WRWAIT 
PUBlIC FIlZER 
PUBlIC IN1ERO 

am EOO 15 
002 EQU 145 

CSE6 

· , 
;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEIIEEI 

; - PROCCDURE : MDYBD 
FlKTIOtf : MOYES THE DATA STRI~ TO POINTED RAM .: 

-; JUt'au : ;CALl t40YBI}f.SWRCE,lEN,.DEST>; . 
INPUT : • SOURCE WORD (ADDRESS OF DATA) 

lEN BYTE _ -(LE~TH IF DATA> 
• DEST I«)RJ} (ADDRESS (F DESTIN.) 

; take source adr. fro. stack 

; put data iYlh lfftOr)' 

o • 
;HluunnululuuIUUIIIUIIUIIUUlululun-.• 

;- PROCEDURE : URWAIT 
~IDH -- : DaA'r'-U=]O ltSec -

;. JUt CALl; au WRWAIT; 
INPUT : NOH£ 

; OOTPUT : NM 
SlOBALS : M!HE"-
CALLS : PULSE 
DESTRO'r'S :. A 



, URUAIT: 
PUSH 
.wI 

; LOOP!: ' MY1 
',lOOn: DCR" 

JHZ 

· • 

DCR 
JNZ . 
mp 

RET' 

» 
»,am ; first lonp's couter' 
,E,002 ,; second bop's colll'lter 
E 
1110P2 
» 
l..OOPl 
» ' 

;tlIlHllfiUHlI+IIHI,*IIHUHllfiUHlI+UHKi+IHU,*IIHUHllfiUHI,*[HIEi+lfiUHI,*U'HIi+UHIi+IIHUi+lfiIlHlIfillK-I,' 

PROCEDURE :FILZER 
FlKf1DN, : FIlls THE GIYEHBlOCK BYZEROS:~ 

,PUt au ,;: au 'FIllER (START$ADDR,om i 

; INPUT ,:£BCl START ADDRESS IF, BLOCK 
,[IJE] lENGTH OF BLOCK 

OUTPUT : NOrt:', : 

· Q.JlBALS : N£r£ , 
CALLS :, : NJNE' " 

; "IJESTROYS : »,.E, Ii, L, B, C 
· , 
FILZER: 

MOY L,C 
KJV fi,B 
lIlY A,» 
ORA E 
HZ 

· , 00£»1; MYI ",0 
IHX H 
DCX » 
KJV A,» 

, ORA 'f 
3HZ ~ 

RET 

· , 
;1111111111111111111111111111111111111111111[11111111 

; ',: PROCEDURE : INZERO 
; RJ«:TIOH < : FILLS THE AM ARBHIIlH ZERO 

. ,.; . PUt·au :', 'CALl INZERO 
INPUT ': NONE 

; 00TPUt : 'HM 
; 6LOBALS : NONE 
'aus : N£M 

; DESTRDYS : " ? 

INZERO: 
LXI 

ZERO: MY1 
INX 
KJV 
tIll 
3HZ 
II)Y 

CP1 
JHZ 

H,OF800H 
",0 

'ff 
A, Ii 
OFFH 
ZERO 
A,L 
7FH 
ZERO 



RET 

END 



fPAG8lIDTH(80) .' 
;IIUlunuuunnunnnnnnUIIIUIUnlH+Hl' '\~ 
;. , ... ; 

i. ' IMlYERSSl. MEASUR9EHLSYST.EM::"" ' ft 

i. .. . 1XmROl.!.ER WITH SPIB H 

;. ft 

flo 

i· ** 
;t : FILE· NAME ' : :1KXlO1A.Sll H 

; •. MODUlE DEF~:': MASTER :aJNTROlfFSYST9f",,::** 
';. ' DATE ' : 4M.JGUST 07 1986 H 

;t AIJ'TH[}R' -'.' zIlHAH NEDHUI.P ., : .. 
;. H 

-1111111111111111111111111111111111111111111111111111.~ , . .' 

· , 

-, 

· , 
· , 

HArE MASCOH., 

JlUBLIC . MASTER" 
PUBlIC JIIESOOT, TIl.9:R 
ruILIC GETCH,CRlllIT '. : 
JlUBLIC EMPTY 
PUBLIC' EXREtY,EXSEND:.: 

EXTRH . EIDID, lSTDID ',' 
", EXTRNCPTOO 

. EXTRH' ,SEND, RELV,:' :; 

EXTRH MOHXDT,toHIH, amur., <,; 

'''EXTRN 'MSEXIT,JI!ONFIL' 

EXTRH ""DlSOOF~illST~Tusr 
, ":mRN "'iJBI.F, INBlF, OBFOO. 

·luIEunuulllllllllullluunullllulunu .... '.,.: 
,. "I 

. ~ "PROCEDURE: MASTER -' 
; AH:TION'::~: awrROLS'.THE·BACKSR!UID:CYc.E .. ::~:. 

Jli.Jf au. : NONE 
; INPUT ' : NONE'; 
i OOTPUT : NOOE 

.; 6lOBAlS : N£WE . 
; a:lllScMOOXni, 
;DESTROyg· :'Il,L 

MSTERf'" 
" UI 
"au. 

UJOP: '. ill 
au. 
CAU. 
LXI 
DU. 
JC 
IIW 
IHX 
KW 
KJV 
LXI 

H,READY . 
MESOOT 
H, PRfJIIIPT 

. MESWT 
6E'1'CH ' 
H,PCTll 
11l.9:R 

',ERROR 
A; If 
H 
HoM 
l,A 
B,RETADR 



· , 
RETJIDR: JNC 

· , 
ERRORf. LXI 

au 
mp 

· , 
ERRIiISS t DB····· 

· , 
READY: 00. 

· , 
PRO,wn'DB . 

· , 

B 

. LOOP . ~;. 

H,ERRMSG· 
--teSOOT 

LOOP.:; 

000, 'SYSTEM ERROR :~',O 

OOO,:'GPIB SYSTEM 19· READY';O 

000,:"',0 .' 

·H+HHUUnUUIUUIIUUIUIIUUUIIUIEIUI···" ,. ~ 

· .. .' , 
~TBl: ml' 4 . 

DW '7 
.~ 

DB 'If' 
llW f!tWOO) 

DB 'E' 
DW EDOOl 
DB 'L' 
llW 'LSTCMD 
DB 'C' 
DW Cp.rOtD 

;IUIUluunUlllunUllllluunUIIUIUIIUHH' .'. 

~.: PROCEDURE : 'MESOUT 

· , 

FOCTION .: TYPE A' PIESSOOE ~CRT '1, 

M au : MWE 
INPUT' .: 
OOTPUT 
Sl..DBALS . : 

;'aus : 
; ~ROYS' :. 

· , .eSOOr: " 

.. , 

• , 

tIOV A,K 
ORA A 
RZ 

tIOV e,A 
au CDHOOT 
INX H 
JIIlP' fESOOT 

;1111111111111111111111111111111111111111111111111111' : 
.. PROCEDURE :'SEltH 

; flJ«:TlDH :'GETS A'£HARACTER'FROO JOtITDR .• " 
; ···Mau :. 

INPUT···· . 
. OOTPUT : 
GlDBALS' .: 

; 'aus . . 
; DESTROYS' : 



JZ. GETOi 
IINI 7FH 

· , 
. RET 

· , 
;.IIIIIIIIII.IIIIIIIIIIIIII~.llllll.11111111111111111.~ 

. PROCEDURE : Tll.SER '.:, 
; ru«:TlOH' : SEARli ~ ADDRESS' IF 'IT lS.YA!..ID 
; JUtDU I 

; ~INPUT : 
OOTPUT 
aOiaS .. :: .. 

· , 

aus 
DESTROYS'T 

1lILSER: 
mv 
INX 
mv 
INX 

.··KJV 
INX 

· , 
PTSER: ; 00" 

JZ 
I¥ID 
DCR 
JNZ 

, STC 

· , 'PTFIN: INX 

RET 

B,K· 
H 
E,K 
If 
I>,K 
If 

: .. ' 

PTFIN 
I> 
11 
PTSER 

H 

illlllllllllllllllllllllllllllllllllllllllllllllllill 
: ;' PROCalIJRE :'JOlOII) ,,' 

fllCrIOO : mu.s ~ITDR:' : 
JUt.DU 

; INPUT" 
OOTPUT 

. . 
· , SLOBALS .: 
~'aus 
; DESTROYS : 

· , 
mtO!D" " . " 

1RA 
ST~ 

STA 

· , 
- r~: CAlL 

LIlA 
CPI . 
JNZ 

· , 
RET 

~ 

MSEXIT 
MOOrI!. 

" MONXQj· 

JllSEXIT 
1 
INK/Ji'· .~ 

;llllIlluunUIIIUUUUUUEuuunUIIIHHHH ; 
. ; .. PROCEDURE :. tRTOOT 
; FlKTIOH: TYPE KESSRGE TDCRT'[ 

, ;' purau·:;au JlEss:lGE(.MESSAG:} !; 

; INPUT [OC1ADDRESS-O: MESSAGE":'. 



; WTPUT : NCWE 
; GUlBAlS : NOt£', 
;' CAIl.S r MESOO'i 
; DESTROYS '. : Hl .. SC,· 

· , 
CRTDIJn 

KJV L,C 
KJV H,B 

· , 
;1111111111111111111111111111111111111111£11 

"f:'PROCED!JRE: EMPiY ° 

'; A.N:TIOH: CHEOO'1HEGIYENlINE - ': 
; , PUt au : EMPTY (ADD) 

INPUTS ",- : £BCJ.~. START ADDRESS 
'; .' IlJTPUTS : ·[AJ •• O 'EMPTY LINE 

aOBAlS· : tOlE· -
aus : NOtE .,' 
DESTROYS : A, fL, OC; E ' 

· , EMPTY: ' 
'KJV L,C 
mv H,B 
MVI E,32 
XRA A 
mv A,M 

· , 
NOTFIN: INX H 

OCR E 
HZ 

ORA M 
JPfP ImFIN 

;1111111111111111111111111111111111111111111111111111 .~ 

; 'PROCEDURE: EXSEN!} 
FlKTIOH ': ° 

PUI au 
INPUT 

~ WTrur 
GlDBSl.S . 
tAU.S 
DESTROYS :' 

EXSEHD: 

• , 

,.Ul 
LXI 
lDA 
PlOY 
",..1 ' ' 

RET 

H,LUST -
D,OBUF 
CBFOO 
C,A 
B,OAH-

.SEND '.~ 

;ElIUUIUlnUUUIIEIIUUllinunUIUunuHH-o;, 

:'; PROCEDURE: EXRECY 



· , 
· , · , 

· , 

FlWCTIDH · ... 1 

PUlau I 
INPUT .; ~' : 
OOTPUT 
GLDMLS .. . 
aus 
DESTROYS : 

EXlEY: 
LXI 
LXI 
tNI 
MYI 

RET 

H, lUST 
D,INBI.F 
C,32 
B,00h 

RECY . 



fPA6EWIDTHCOO) 
;tHUUUUUUIUIlUlliunUIUIUIlUlunnUKo: 

,. , 
;*' 
;*' 
;*' 

OOIYERS$l.. JIEASUR9lENT SYSTEM '. ' 
COO'RtllER WITH GPIB 

PRINTER SEHDER 

;*' FILE NAME : PRTSEN. SOl 
;1- rm>ULE DEF.' : PRINTERSEHDER: 
;*' DATE : Jl!:Y 31 1986 
;*' AUTHOR' : IlHAN NEDIM AlP 
;*' 

H' . 

H· 

H 

H 

H 

K 

H 

K 

H 

H 

H 

;11111111111111111[1111111111111111111[11f.IIIIIIIHH. 
" , 

PUIUC PRSEND . 

E.HRH USRTPC. USRTPD 

EXTRH LIHPTR, a:JlPTR,1>SROO.FAIlCT·· 
, , 

EXTRN CARFlG, DBl.JFER, STAFl. . 

£:SEG. 

;1111111111111111111111111111111111111111111[111111'" o. 

;' PROCEDURE : "PRESEND 
FOCTIOH : Sends the ~repared lines in DBI.FER .. 

to the printer, one ttlaracter each 
; tie. 
; PiJI au. : ffi 

INPUT : NOOE· 
OOTPUT t . JOE 

; aus' :' Nl£ 
; DESTROYS : ALL 
;*' 

PRSEND: IN LOW USRTPC 
MOY C,A· 
fWI OlH 
RZ 

;check usaJt3 statll5 . 
~save for later use 
;IF usart is net ready 
~.; •• then RETURN 

K1V A. C ;get status byteaqail'l 
ANI SOH.. ;if usaJt is ready CDSR bit=!) 
JHZ CHKIFF; ••• then proceed to £H<£fF 
MVI A,5 ; ••• else set DSROO off 
STA DSRCHT ; ••• tn check later 
lIlA FAI1.CT;t'I'leCk fai 1 counter 
ORA A ;prepare Z flaq .' 
RZ ~if alrae!ly zero then return 

OCR A ;eise det'J'i!freI'lt ·fail counter 
STA FAILCT ; ••• to9ive alar. 
RET ;then return'" 

CHKOFF: lIlA 
. ORA 

·DSRCHT . ;t'heck 'PrevlouS state .flt" DSR 
A .. 'orenare Z flao 1. • _ 



. 
• 

JZ 
OCR 
STA' 
IWZ 

GOSENI) ,; i f iero , proceed io send, bytes " ., 
A ;else decretf!flt DSR coumer 
DSROIT ;save it to DSRCHT and 

flNI A,OAH 
OOT LOW USRTPD 
RET 

~ ••• if not zerO, return 
;send alFfor 
; ••• printer recovery 

rosEN»: ,LIlA, FAILCT;r:tleclc if alaN' is 9iven before 
ORA A ;prepare Z flaq 
JNZ CALl· ;if l'IlItzero proceed to tiill 
MYI ,A,OFFH ;and 5et fail counter 
STA ' FAller '; ••• to FF 

CA.!: LIlA 'LIHPTR;qet line pointer 
JIIlY D, A . ;save to D for later use 
CPI OFFH ;CI'let'k if FF 
JZ SCAN2; i f so 90 to scan all status bytes ' ' 
LIlA EllLP.TR;~ if line ended 
CPI SO' ;if not 90 on sending 
.mZ BASLAT 
LM" CARFlS ;qet' tiirriaqe ,return' flag 
ORR A ;if CR,already sent 
]HZ SITIR 
MYI A, ODH ;else output on (tiirriaqe mum) 
ruT LOW USRTPD ; ••• froll USART3 
flNI A, 1 ;set 'carriage return' flag 
STA CARFLS; ••• to 1 ,next cycle 
RET ' 

OOSLAT: LXI ~ 0BUFER;Ji.: has add1'eSS 'Bf- buffer 
LXI D,80 ;DE haS 80 
JIDV A,B ;A ltas line poimer 

lOOP!: ORR A ' ;prepare Z flaq 
JZ CAL2 ;if line poi mer 15 zero-pr~ 
i>Al> D ' ;if not add 80 
OCR A ; ••• ane! oecraent line poimer 
JJilP lOOPl ;go to LOOPl to,~ aqail'l 

a:l.2: LIlA ro..P.TR;now fL shows therequi red buffer 
tIlY ' E,A, ,; •• • qet colUfll'l poimer, save to E 
MYI D,O ;clear. D 
DAD D ;lmt 1I.=Hl +enl W!II'I poimer 
~ A, M ;9ei that, t'ha1'icler : 
ruT LOW USRTPD ;sm:l toUSART3 
,INR E ;int'retent colUM poimer 
KJV A,E ' ;and save it agail'l 
STA COlPTR' ; ••• to COLPTR ' 
Rei 

BITIR: MYI A, OAH ;output OA Hine feed} :' 
, ruT LOW USRTPD ; ••• frot# USART3 ' 

LXI H, STAFL ;fi.. has status file begininq 
t!OV E,B ' ;qet line pointer (B} to E 
flNI D,O ;clear D ' 
'DAD D;HI.. has status byte of line poima! 
XRA A ;clear A to 0 to 
MCY ",A, ; ••• store to that status byte 
STA COLPTR ";aiso clear :C'OllWl pointer 
'STA CARFLS ; ••• and CR flag 
MY1 A,OFFH' ;sei linepointerto FF' ' 

. STA LINPTR ' ;h llean no -line being printed 



· 1 

SCM2: LXI 
'MYI 

1.OOP2: KW 

· 1 

CPI 
JZ 
INX 
INR­
lIlY 
CPI . 
JNZ 
RET 

FDUHD: .• fIJY. . 

· , 

STA 
. INI 

lIlY 
XRA 
STA 
RET 

H,STAFL ;HL now SftOMS .beqiningGf STAAL·· ; 
D,O 
A, If 
2· 
RlN} 

H 
D 
A,D 
6 
UlOP2 

;D is now index reqistet ,cleared 
;gei that status byte'" 
;if that byte is 2 :: 
; •• 0 then proceed to fllH> 
;else access next status byte 
;inreter~ cou~et 

;Cl'IeCk if the cou~et has 
; .... reaclied 6 
;if not yet, go to lOOPl 

A.D ;D has'line ~l';'nDW inA also·· 
LINPTR ;line nWllbet in LINPTR 
A, 3 ;store 3 to the status byte . 
M.A· ; ••• of that line 
A ;cleat A to 0 to" . 
En.PTR ; ••• cleat colUlm poi~et and 

;f.lUKI*iUHE,,"UHEf*EI-iElKE,*,uHEf*ll-inKIi*iUHI,,"UHI,,"EHUf*fiI-iUKI*iUHI,,"UHlrKn :: 

END 



~PAGBlIDTlHsro : .. 
;llruunnrnUIlUUUluunnnUIUUUUIUIU"J:' 

;If 
·If , 
;If 

lflIVE~ ·l£ASURalEHTSYSTEM '.:. 
. aJmD.1ER WITH SPIB 

~* : FILE NAME : FGOO1A. S04 
;* OJLE DEF~': SEIMCCUFRST'7~5'-
;* . DATE : -APRIL 13 1986 
;* . OOTH£}R , : IUIlH NEDI" ELP . 
.* , 

H ". 

.ff: 

ff: 

ff: 

ff: 

ff: 

H 

H 

H 

ff: 

ff: 

;111111111111111111111[111111111111111111111111111111 :.~ 

· • 

HAlE . F8SERV .. , 

EXTRN' PRTCTR 

EXTRN PRSEND:.··, 

CSElL 

;111111111111111111111111111(111111111111111111111111 ·r. 
; '; PROCa>URE : RST75 
; FlKTIOH.: OCTIVlTES FDRESROOO>TASKS "; 
; PU! fAl. :·HOOE -
; INPUT : NONE: 
; . OOTPUT : HOOE 
;GL.DBALS· : SYSFIL·.', 
;' ·aus : ··HOOf 
; DESTROYS',: NlNE '-

· , 
RST75: ,;. 

PUSH PSW 
JUlH B 
PUSH D 
PUSH H 

, , 
LIlA PRTCTR 
INR A 
CPI 8 
JNZ EXIT . , 
au PRSBID 

IRA A 

'EXIT: STA PRTCTR 

.' JWI . A,lon 
SIM 

pop H 
pop D 
PDP B 
POP PSW . , 



EI 



;IIlIIUUIIIIIIIIIIIIIUUEIIUIIUIIUUIUUIHH+:; 

Hf 

;*' 
;*' 
;*' 
;t 

lIHlYERSSV.. ,IEASUREMEHT -SYSIDl, . 
, ,~awrR(llER WITH SPIB 

, EDITOR 

;t FILE NAME : EDOOIA.S03 
;t IGJUlE DEF.' : EXECUTIVE' , 
;t DATE : .JL»IE 15 1'386 
;t AI.ITHDR', ,. , : I~ NEDI" Il.P 

H 

H 

H 

H 

H 

It 

H 

It 

H 

;t H 

;1111111111111111111.11111111111111111111111111111111' 

· , 

· , 

· 1 

· 1 

tWE " EDITEXEC' .~: 

EXTRH EDSTA' ' 
'EXTRN lDi.CTR 

lIHESTR EOO ' 
'Nl...lHE EOO 
t£HAR EOO 

;tlUHI:-'II-lIlHI+Ulillfl-tlUHI:-'II-lIlf:fI-f!UIiI:-'1-tlUf:fI+Ulillfl-tlIlHI:-'IlI-lIf:fI+Ulillfl-tlIlHI;t-UI-lI!-fi1f:1I1HI*Il'i 

; , 'PROCEDURE :ED£)!D , , 

; FlKTIDH": EXECUTE THE EDITDR RDUTlt£S"r 
;',P1JIml. cNOOE ~ 

INPUT : fllHE' 
'; OOTPUT : NOr£ 

GUJMlS : . NJIE·: ." .: 
CALlS' :'~ 

; IlESTRDYS-: 'IU. 

· , EDCPID: • 
MYI A,l 
STA EDSTA" , 

L.XI' H,LIHESTR' , 
MYI E, .... INC 
MYI C,~ 
MYI B,O 

· , 
lOOP: KJV A,M 

CPI 0 
JZ ·I~N1) 

DAD B 
OCR ' E 
JNZ LOOP 

MJIDU MYI A, 11 
STA " EDSTA':~ 

,. ,.niP row 

" 



· ~ 

lw:ND: KW A.f 
STR . IDLCTR '-

· ~ 

saw: CALL . EDSCAH 
UlA EDSTA 
cpr 0 
RZ 

· ~ 

'JMP saw 
· ~ 

END 



$PAGEWIDTIH8()} '" 
/1111111111111111111111111111111111111111111111111111.~' 

I • .: 

H H'; 

H IMlYERSIl.II£ASUREMEHTSYSTEM· H 

, . H awTROUER WITH GPIB H 

H H 
H EDITOR H 

H' H 

H FlLEHAME : ED002P.S12 H 

H I'DDUlEDEF:« REALIZE''EDIlDR-rucmW5'- H 

H OOTE « JULV 13 1986 H 

H . AUTHOR', «ILHAN NEDIM Il.P H 

H H 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII{.~ 

EDITORH 
DD~ . 
DEClARE (EDS"iA, 

COlUMH.,·· . 
LIHE$Nl. 
KEY, 
IDLCTR, 
JEDSTA) BYTE EXlERt«.; , '. 

; 'JJfCLARE LINE(H STROCTURs:f 
~IH32l' .', BYTE) EXTERml.; 

DEClARE WlIlFER(32) BYTE EXTERNAl; 

DECLARE,CDHY(6) BYTE EXTERHAI.:;' ... " '" 

,DEll.ARE DIsru= (33) BYTE EXTERNAL; 

DEClARE NLINE LITERIl.l Y' GO' , 
fOi\R . LITERIl.l V' 32'., . 

; RUBOUTAU. LITERAU. V' 7FH' , 
; SPACE· LITERAU. Y' 200' , '. 
': ":ESCAPE LITERIl.lY'100', , 

CARRIRGE$Rt"1URN LlTERlUV'ODH', 
BEGINSSTATE LITERlUY' PROCEDURE PUBLIC;', 
tET$1<fV ' LITERALl Y'IECH' ; 

C·1IEIl.ARE ERROlH.}BVTE OOTA f(lDH, 'ERROR', (l); 
} DEClARE TRYlAGAIH(.r.BVTEDATAfOOH,'J!LEASE;TRY AOOIN',O); 
X'DEIlJUE PROMPTf"> BYTE'DATA (OOH, '$',0); 
. DECLARE UNa-lEt.} BYTE MTA. (' LINE(S), FREE'.~O);· 
,DEClARE BEEP("} BYTEOOTA «l7H, O); 

IlECtARE MJIDLEl.:IHE(.} BYTE DATA ({}DH, 'J/O 1DLE LIHE' ,O); 
:.-DEtlARE CR("} BYTE DATAfODH, 0); 
. DEClARE SPlf.) BVTEOOTA (2OH,'0}; 
<: DECLARE LEDIH .}BYTE DATA «lilli, 'LINE 'EDITOR' ,0); 
, DEClARE MESH.} BYTE-DATA (OOO~ 'TVPEUNE MJKBER'~(»; 
:."1IEa.ARE MQ2(.)' BYTE DATA (ODH,' PRESS RUBOUT KEY FOR (tEAR AU. LINES', O); 
- DECtARE JlES3C.}BYTE])ATA, ((}'DH,'PRESSSPACE:FOR'RETURN UHEEDITDR',O};· 
;'DECtARE PES4(.} BYTE OOTA (ODtt,' PRfSS JlNVKEY TO EXIT' ~ 0) ; 
'. DEClARE DELETE!.) BYTE DATA (~2OH,08H,'O};-',:: . 
FDEtlARE EICEEDED("}·BYTEDATA '(ODH, 'OOT OFRANtE' ,0); 
:; DECLARE 'fULU,,} BYTE oonr fODH, 'MJ 'KJRE" :IDLE LIrE' ;o};:: :; 



. DEtlARE lIStl-} BYTE-DATA (OSH,O); 
DEa.AREllAlnl-} BYTE DRTA (ODH, 'WAIT' ~O); . 

. BIHASC: PROCEDURE(NlW£R) EXTERM..; 
.. ' Dm.ARE tUlBER BVTE;'~-;: 
. END BlNASC; 

!:RTM: PROCEDURE(ItSSSADR) EXTERNAL;- -,' 
,: 'DEtl.ARE MSG$AI}R ADDRESS~' 
· END .CRTOOT; . 

IfMIHPROCEDURE EXTERNPt..: 
END WRWAIT- .. '. '. , . 

fHECK~: PROCEDIJRE(KEYNO} BYTE EXTERHAl; 
DEQ..ARE KEVt(} BYTE; 
END Cl£CKfKEY;' . 

:GET'O-I: PROCEDURE BYTE EXTERNAl..; 
ENI> SETKEY; . 

: FILZER:' PROCEDURE(STRfiPTR,Om EXTERtill.; 
, . DEClARE~STRSPTR ADDRESS; 

DECLARECNT JIDDRESS: 
:,. END FILlER-· . 

~ 

KlYBI):PROCEDURE(SRC$ADR,i:EHGTH,DES$ADR} ·EXTERHIl.; ": 
J:'DEQ..ARE (SRCSIIDR, DE~) ADDRESS; 
;. DEClARE lEtSTtrBYTE; ...• 

'ENDMOVBD; 

11111111111111111111111111111111111111111111"~ 

1-./ 

.. AAOC8>I.JRE:: PUT$CHR' 
, .1-. RKTlON :MSTHE tIfIR. IHT.O.wBUFER 

.. PUt au: CALL .PUTSDiR . 
. .. ' IHPUTS : HONE 

.. OOTPUTS': :' NONE' ': .. 
:-. Q.DBALS ': UllFER,EDFIl 

.. aus : CRTruT', 
*1· 

WllIFElHCOL.~} = t<CYi 
IllUJlI!H . = . m..lJW+i; . ... :,: 

. IF 'COL.IJI!N )= '30 THEN . 
au CRTOOH.BEEP); 

RETURN; 

EHD PUT$CHR;" '" 

I~IIIIIIIIIIIIIIIIIIIIIIIIIIIIKIIIIIIIIIIIIIIIIIIIIIIc : 

• .. ' PROCEDURE : TRY 
• R.N:TIOH·: SEHl} ERRDR~:iD'CRr': 

.•. PUt au : au TRY 
..•. INPUT , HOOF '( 

.. MPUT: roe .. " 
I- . GlOBALS' ..•. : NOOE·· 
I- aus I CRTOOi .' 



.1/ 

au CRTOIJH.ERRDR}: 
.au CRTOUT(.TRY$ASAIH}; 
a:IU. -CRT£llH. PROPIPT} f 
EDSTIP4; 
RETURNf 

00 TRY; 

/IIIIIIIIIIIIII[IIIIIIIIIIIIIIEIIIIIIIIIIIIIII' .~ 

I STATE: EDSOOI 
I FlJICTION : -
I' ENTERS :;EJSalti 

I EXITS - - : EDS002,EDS004,EDSOOS "'i 
I 

1/ 
• EDSOOl' lEGIH$STATE 

au CRT[llH~LEDln;-­
__ . auCRTDUTC.CR}: 

CALL FILZER(.CONY(O},6}; 
"au BlHASCUDLCTR}; 
CAlL CRTOOTf.COOY(o}}; -, 

:;- au tRTOOT(.L1NEFREE); 
CALL-CRTOOH.MESI>; -

( 'au CRTOOT(.POOMPT>;· -
CALL CRTDlJT(~-SJlJ;-'i 

'- " EDSTA=4; 
KEY=O; -" , 

, RETURN; 
END EDSOOl; 

/111111111111111111111111111111111111111111111- ~ 

-of '.- STATE ': EDSOO4. 
f AKTIDH , lETS THE FIRST 'J)IGIT:DF LINE HUfi!BER.- j. 

• I _ EHTERS' : EDSOOl, EDSOO5 
I EXITS :--' : EDSOO5' 
f 

1/ 
EI>SOO4: BEGIN$STATE 

KEY=GETKEY; --' : 
-K=cHECK$KEY(I<EY); 
LIt£$NO=O; , --

',DO CASE K; , 'I Other -CO} .• / 
au TRY; . 

'I BacH Space -(1) 1/ 
CALL-CRTOUT(.SP}; 'I Carriaql? Return ·mfl 
DO; 

LIt£$NO=(}; < 

tHl}f -: . 'f EscapE> (3) I' 
EDSTA=O;' 'I Space Bar C4} I' 

.-



CALL CRTDUT(.BS}~·· ,S 

/f Characters (S) '4 
CALL CRTOOTf.DEl.ETE>.;:,~ 
"f:Diqits (6) f:' 

00; 
'. UNE$r«J=fKEV mD (lFH}f:l0; 
. EDSTA=5;'; 
END; 

If: RubGut (7) f:' 
.au TRY; 

'* Curser Right,f8}'*" 
CALL CRTOUTf.BS); 
END; 1* END (FOO CASE *' .; 
KEY=(!; 
RETURN; 

em EDSOO4; 

'.((IIIII(IIII(IIIIIIIEI •• IIIIIII(II!(IIEIII(K.~~ 

* ' . STATE : EDSOO5 
* RKTI£W: SET .sEaJ.IDDIGlnJF LIhENlER ,:. 

-* . EHlERS : EDSOO4 
* EXIlS- : EDSOO4,EDS006 :" 

* 
*' ; .EDS005: lEGINSSTAlE 

KEY=tEKEY; " 
,- K=CHECK$KEY (KEY); 
ro CASE K;.· "'* other {O} *1 
CAll TRY; 

:' If: lIat'k Space U}f:1 
DO; 
;'OU CRTOOTf.SIl); 
, tALI. tRTDUT(~DElETE}~ . 

:EDSTA=4; 
END; '. 

'I·Carriage Return f2},f:1 
00; 

': UN8():::LINE$N0/10; 
EDSTA=6;,-: ,; 

END; 
If: Escape ·(3}f:,· ; 

.'EDSTR=O; 
If: Space Bar f4) *' 

'au CimlJT(.SS}; 
If: Characters(S} *1 

; 'au r:RTOOT(.~}; 
. If: Diqits f6} *, .. ' 

DO;' . 
LIhE$N!FlItaNO .-(KEY EM> {1F}H ; 
IF LINEmJ ) 59 THEN 

00; , 
: au CRTOOTf.ERROR}; 
" CALLCRTOOTf.EX!mJED}; 

CALL CRTOUTf.TRY$ASAIH} 
CAll. CRTIlJT(. PRfJlIlTr; , 

.~." . EDSTA=4~ 



END; 
/f Ruboui (n f:/, 

au TRY: 
/f CurscrRiqht (S) */ 

~ :au CRTOOT(.BS}; 
, END; , /f END DF DO CASEf/' 

J<EY=O; 
RETURN; , 

'. em E>SOO5; 

/IIEIEEiIIIIIIIIIEIIIIIEEfIIIEIEIIIIIIIIIIIIII 
f STATE : ,EDS006 
f AJ«:TIOH: PREMRAn~ STATE FOR LHE 'EDITING 
* BITERS : EDSOOS' 
f EXIlS - , : EDSOOT ":, 
f 

f/ 
EDSOO6: !EGIN$STATE 

CAlL CRTWT("£IU~, 
, au FILZElH.COtN(O},6}; 
au BINASCCLINBOO};' 
CALl CRTDUTC.SP}; 
au tRTllJTf.aJNYfO}}; , 

"au CRlUUH.SP}; 
au FIlZER(.DISBlF(O},33};' 

-au '-JYBlH.LIHE (LlHE$NIJ) , 32, • DISBlF (O)} ; 

CALL CRTWrc.DISBlFtO}}; ': 
au CRTWT C. pRtJlpT} ; 
au CRTWH;COHYfOn; : 

: ·au CRTOOTf.SP}: 
au FIlZER(;UBI.FElHO} ;M::ailU; 
calJW=O; 
REDSTA=6~ 
EDSTA=7; 
RETURN; . 

END EDSOO6; 

/EiIUUIIUUIUEUUUUIIUIUIUUUIUUI' '. 
f' STATE :EDSOO7 . ' . 

. fFlJlCTIOtf: COLLEcrruqAACTERS::, 
: f' BITERS : EDSOO6, EDSOO2 

f EXIlS':, : EDSOO8'" 
,f 

f/ 

EDS007: BESIN$STATE 

IF m.ltW } 31 THEN, " '. 
00-, 

EDSTA=6; 
RETURN;, . 

END; 
, KEY=GET$KEY; 
K=O£CK$KEY (KEY>; 

"00 CASE K: 
/f Others (O} */', 

. RETURN; 
/f Bac-k Space U) f/ 

DO; 
IF COCIJ'IH f}O THEN 
,,' DO; 



al.lJf4 ='1XlUJfN ;.; '1; 
: ,wru=ElHro..~)= 0; . 

em;" 
ase 

au CRl1lIH~SP}; 
BID-, 

If: Carriaqe Retum f2},V 
DO; 

IF aLlJW::O THEU' . 
au MOVBlH. LlHE"fLINE$NO} ~ lCAAR f(}} • 32, • UBUFER (O)}"; 

ELSE 
DO I=COCfJfH TO' 31 ~ 

WBlFER(1}=O; 
BID; , 

"EDST~; 
00; 
. If: Esca!)e 13} f:/ 

DO; 
IF'COLUMN I} O'lHEH 

00; 
, . '00 I=m..lJIH TD 31; 

WBLFER(1} = UNE(UHE$OO}.l.CHARUJ;­
END; 
lBSTA=O;· . 

. ' EDST~; 

END; 
ase 

EDSTA=O; 
em; .,-

If: S?ace Bar'I4}·.'. 
Dl1 PUTSCHR; 

If: Cha~ciers '-is).' 
,'au PUTSCHR~ 

If: Digits (6} «-, 
: 'au PUT$CHR: 
~. If: Rtibout' (7) :t:/ 

DO; 
DO 1=0 'TO'31 f 

. ' ' . -wBtFERfl):: O~ 
00-, 

"EDST~; 

00; .. '* CUT'SDr RigJTt (8) *' 
DO;'·' 

·auCRT$OOT(.BS); 
IF LIHEflINE$NO} .LCWHCOllJllH}::(} 0 -lHEN, 

DO; , . 
KEY=LlHE fllHaHO) ; U:HARHIJl..lJW) ;: 

~DISBlF(O}=K2I; .. Y 
. DISBUFU}=O;" 
~: 'au ·CRTOOH.DISB1F(O)}; 
~'rnu. PUTfCHR;: : 

,END; 
END;·': . 

:. END; If: END 0= DO CASE *' 
KEY:iO; 

. RETURN; 

END EDS007; '.~ . 



/111111111111111111111111111111111111111111111 ;~ 

• .• ' STATE : EDSOO8 
• flJICTImf: WRITE "INTO THE lIHE 
f 'OOERSrEDSOO7 
• EXITS ": EDSOO9";: 

" f ,Y 

*/ 
i':~: BEGIH$STATE' 

DO 1=0 :T03!; . 
;, LINE(LlHE$HI)}.lCHAR(I}=wru=ER(l}; 
~" au URUAIT;, , 
BID; 
IF REDSTA c' 0 THEN " 

DO; 
LINEN =0; 
EDSTA=O; 
RETURN;' " 

BID; 
LI..aHO=lIIE$NO+! ; 
lF LIIE~ } ,59 Tl£H ' 

EDSTA=9; , 
ase 
EDST~;';" 

,RETURN; 
em EDSOO8; ':: " 
/IIIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIEIEIEEIIII-'~ 

• STATE, ,: 'EDS009 
* . FlJICTIOH .: 
*' ENTERS 
* EXITS· - .: 

• 
*/ 

i EDSOO9:, BEGIH$STATE 
, CALL ·CRTOUTf~FULL}~ 

CALL CRTOUT(.MES3}; 
au CRTOOT (~IIES4}; '. ' 
UIU.CRTOUH. PROMPT}; 
KEY=sElKEY; , 
IF KEY =' SPACE llBt 
DO; 

CALl CRTDUT(.MES1}; 
au CRTOUT (. PROMPT) ;' .. 
'EDSTA=4; 

END; 
ase 

EDSTA=O;' '! 

RETURN; 
ENl> EDSOO9; ',: . 

/fEIIEIEIIIEIIIIIIIEIIIIEIIEIEEEIEIIEIIIIIIIII ~ 

• 'STATE :EDSOIO ' . 
• FlH:TIOH': 

, • ENTERS : 

• EXITS .:--
• ., 

f EDSoIO: lEGIN$STATE 
DO 1=0 TOt<l.IfE-l; 

DO J=O TO ~l; 
LIHE(I}.LCHAR(J}=O; 



DlU.; WRWAIT; 
BID; 

"END; 
CAlLCRTOOT(.f£S3);' :: 
DIU. CRTOOH.~)~ ; 
au CRTOOH. PR~pn; 

, KEY=SET$KEY; 
IF KEY = SPACE THEN 

EDSTA=l; 
8..SC" 

" EDSTA=O; 
IDI..C'TR=6O; ',' 
KEY=O; 
RETURN; 

aID EDS010; 

1111111111111111111111111111111[11111111111111" ~ 

* STATE : EDSOll 
'* FlKTII)f: 
* EHTERS : 
* EXITS,' 

* *' ' ~. EDS01H '.Q:-SIH$STATE 
au CRTWT(~rmIDlE$LINE);' 
au' CRTOOT(. MES2}; 
CAlL CRlllIH.f£S3}f: 'c 

CAlL CRTOIJT(.~S4}; , 
CALL CRTWT (. PRatlPT,); " 

" "EDSTA=O; 
KEY=GETKEY; , " 

''IF KEY=SPACE THBt 
DO; 

'ID!..CTR=O; 
EDSTA=l; 

END; 
IF KEY=RUBOllTIU THEN:: 

DO; 
CALL CRTDUH~WAIn;' 
'EDSTA=10; 

END; 
KEY=O; 
RETURN; 

END EDSOl1; 

/1111111111111111111111111111111111111111111111111111 .~ 

" f ',PROCEDURE': EDSCAtt 
f FlKTIDH : 'OOUTES'THE'EDITIHG STATES:~ 
f, PUI au : t4IJNE 
f INPUT' : HOOt ' 
f " OOTPUT : NOt€ 
f SlDMlS" : EDSr'AH" "';' 

T f 'aJ.LS : 'AU. 'EDS ••• . , 
"EDSCS¥H PROCEl!JRE PIJBlIC; 

DO a:lSE'EDSTA;;'~ 
RETURN; 
CALL EDSOOl; 
~; 



/£ilJRN; 
.au EDSOO4~ 
CAlL EDSOO5; .. 
au EDSOO6; 
CAlL ·EDSOO7; 

; au EDSOO8: 
CAlL EDSOO9; . 
au EDSOIO; 
OU.EDSOll; . 

END; 
em EDSCRH; . 

/UUUUIUlIluuununUIUIIUUUHH1-,. 



$PA6EWIDTHf80} .. ' . 
/1111111111111111111111111111111111111111.11111111111 .;~ 

H ... 
H ' , LWIVERSIl.MEASUR9IENT SYSTEM· H . 

.... .' mmn.I.ER WITH SPIB ... 
·H'.· .... 

H 

LIST 
... 
H 

flo, 

c·-flo, FILE .we :.i.SOOlP.S04 ... 
c ... PmlI.LE DEFa : =R8UZE lIST :FlWCTIDHS':' ',' flo 

'.H DATE : ,JULY 09 1986 ... 
H ruTHDR : ' : IUfAH NEDI" ~P . flo 

flo ... 

111111I1111111111111111111111111111I11111111111111111:,' 

USTl: 
DO; 
DECI.ARE (EDSTA, 

COLt»fN, 
LINE$N01 

KEY, 
IDLCTR, 
REDSTA, 
RI, 
F!RST, 
LAST> BYTE EXTERNAL; 

DEClARE i.IfEU) STRUCTURE( 
'LCHAR(32} . BYTE) EXTERNAL; 

DECLARE COHV(6) BYTE EXTERtA.; 

DEClARE DlSBtF f33} BYTE EXTERNAL; 

DEClARE u~ K}BYTE; 

DEClARE .RUBOOTALL LITERAlLY' 7F}f' , 

SPACE LITERALLY' 20W , 
ESCAPE LITEAAU.Y'lBW, 
CARRIA6E$RrnJRN LITERALLY' ()Dff' , 

leIN$STATE LITERALLY'PROCEDURE PUIUC;', 
GET$KEY LITEAALL Y'!iETCH' ; 

. DECLARE ERROR(.) BYTE DATA (ODH,'ERRDR',O); 
DEClARE CR (.) BYiE DATAfODH, 0) ; , 
DEClARE SP(t} BYTE DATA (2OIi,O); . 
DEClARE EXCEEDEIH.} BYTE DATA fODH,' OOT OF RAASE', O}; 
DEClARE lIS(t) BYTE OOTA fOOli,O); 
DEClARE DELEIE(t} BYTE DATA (08H,2OH,08H,O); 
DEClARE LISHt) BYTE DATA (00Ii, 'LIST ~ ',0); 
DEClARE T (t) BYTE DATA (' TO ',0); 

BlNASC: PJlOCB)URE(NUl;BER) EXTERNAl; 
DEClARE tfJIItBER BYTE; 
END BlNASC; 

CRTM: PROCEDIJRE.,!SS$ADR) EXTERNAl..; 
DEClARE ~ADR ADDRESS; 
END CRTM; 



(}fECl{$KEY: PROCEDIJRE(KEYNO) BYTE EXTERHAI..; 
DECLARE KEYOO BYTE; 
END CHECKSKEY; 

.' GETOf: PROCEDURE BYTE EXTERtfl.; 
EHD GETKEY; 

: FII..1ER: PROCEDURE (STR$PTR, aff} 'EXTERNAL; 
DEClARE STRSPTR ADDRESS; 
DECLARE CHT ADDRESS; 
END FIl..ZER; 

HOVBD: PROCEDURE (SRCAADR, LOOTH, DES$lIDRlEXTERtR..; . ": 
DEClARE (SRCSADR,DESSADR) ADDRESS; 
DEClARE lEHGTH BYTE; " 
END MOYru>; 

/ .. H+ ...... HH+lnUEUUnnUluunnnu .. ~ 

• STATE : 1.55001 
• FUNCTION: 
• EHTERS : 1.SSI»i 
* EXITS : l55OO2 

* 
f:' 
lSSOOl: Be"UltnSTATE 

CALL CRTOUT(.LlST); 
FIRST=O~ 

l..RST=O~ 
RI=O; 
KEY=O; 
REDSTA=4; 
EDSTA=2; 
RETURN; 

END lSSOOl; 

' ..... IIEEEEIIIEIIIIIIIIEIII(IEI .... IEIEIEIEIE 
I . STATE : LSS002 
I FlMCTION: GETS 1HE FIRSTDISIT OF LIHEHUMBER" .. 
I EHlERS : LSSOOl,lSS004 
I: EXITS ": LSSOO3,LSSOO1 . .. 
", 
lSSOO2:FEGINSSTATE 

KEY=lBKEY; 
K=OiECK$KEY (I<EY); 

LINE$NO=O; 
DO CASE K; 

If: ethel' (O) */ 
DO; 

rnu. CRTDUH. ERROR} ; 
EDSTA=l; 

END; 
If: Bacil S~ U} *' 

CALl. CRTOUT(~SP}; . 
II Caniaqe Retum (2) *' 

DO; 
IF REDSTA=4 na 

FIRST=O; 



LAST~.s9; 
EDSTA=5; 

EtID; 
If Escape (3) f/ 

EDSTA=O; . 
I. Spare Bar (4) */ 

CALL CRTOUT(.SS); 'f Characiers (5) # 
CALL CRTDUTf.DELETE); 

/. Digits (6) */ . 
00; 

LIt£fNO:: fl<EY AND OFlU flO; 
EDSTA=3; 

EHD; '* Rubout (7)· f/ 
00; 

CALL CRTOUT(.ERROR}; 
EDSTA=l; 

END; 
'f Cursor Right (8) *1 

00; 
CAU. CRTWH.ERROR}; 
EDSTA=l; 

EN!); 
END; /* END [F DO CASE "I 
J<EY=O; 
RETURN; 

BID LSS002; 

IHHHf-HUUIIUIIIIIIIIIUIUIIUUlllnUI :r 
* "STATE : "LSSOO3 
* ~IOH: IE SEmID DISIT OF LIf£NtJIIIBER:. 
* ENTERS : LSOOO2 
* EXITS : LSSOO1,LSS004 

* 
*1 
LSSOO3: BEGlmSTATE 

KEV=sETKEV; 
"K=CHECK$KE'IfKEY} ; 
00 CASE K; 

If: other (O) */ 
00; 

CALl ·CRTDUTf.ERROR); 
EDSTA=l; 

EtID; 
I. Bac-1I Space U}. *' 

00; 
CAU. CRTruT(.SP); 

" CALl CRTruTf.DELETE} ; 
EDSTA=2; 

END; 
,. Carriage Return f2} fl· 

DO; 
Llf£NO=LlNENO/10; 
IF REDSTA=4 TtQ 

FIRST=LINEHO; 
RSE 

LAST=LINEND; 
EDSTA=5; 

fl4!); 



If: E5t'iijJe f3} f:1 

EDSTA=O; 
If: Space liar f4} f:1 

CALL CRTllJH.BS}~, ' 
, If: Charsders . (5) 1:1 

CALL CRTOOl(. DELETE} ; 
. If: Diqits f6} f:/' 

00; , 
LINE$N()::lIHEtNO ~ lKEY AN!} OFH}; 
IF REDSTA=4 THEN 

00; 
FIRST:;i.lHENO~ 

EDSTA=4; 
END~ 

as: 

END; 

00; 
lAST=L1NENl; 
EDSTA=5; 

END; 

, II: Rubout m 1:1 

DO; 
CAll CRTOOH.ERROR};' 
EDSTA=l; 

EHD; 
If: Cursor Riqht (8) 1:1 

00; 
CALL 'CRTOUTI.ERROR); 
EDSTA=l; 

END; 
END; If: END (F .00 CASF 1:1 ' 

KEY=O; 
RETURN; 

END LSSOO3; 

IIIEIEIIIEIIIIIIII(IIIIIIIIIIIIIIIIIIIIIIIIII( 

f: STATE : lSSOO4 
I: FlJjCl"IOU: PREP. STATE' FDRSETllt6 1lEST . ~ 
f: ENTERS 'LSSOO3 
I: EXITS ,: LSSOO2 
I: 

1:1 

LSSoo.U BEGINSSTATE 
CALL CRTOUTI.T); 
REDST~; , 
EDSTA=2; 
RETURN; 

END LSS004; 

'/f:f+f+f:f:IIIEIIIIIIIIIIIIIIIIIIIIIIIEIIIIIIIIII , 
. I: ". STATE :LSSOOS 
I: FlKTlOU: PREP.' STATE FDRDISPLAY LINES 
1:- ENTERS : ,LSSOO2, LSSOO3 
"EXITS : LSS006 . 
I: 

1:1 

lSS005: BmIN$STATE 

IF LAST} FIRST AM} 

FIRST (= 59 Tfth 



DO; 
IF lAST } 59 TIQ 

lAST=59; 
RI=FIRST~ 

EDST$F6; 
BID; 

ase 
DO; 
au CRTWH.ERROIU; 
EDSTA=l; 

END; 
RETURN; 

£HI} LSSOOS; . 

IHH+HHHHHI II II II II II n I U H 1111 II 111111 .. , 

' •. STATE . t LSSOO6 
• FOCTIDN: DISPlAY STATE 
•. ' ENTERs : LSSOOS 
I: EXITS : 
I: 

*' 1.SS006: BEGiNSSTATE 

DO I=RI TO LAST; 
, .. au FIL1ERf.DISBtF,33); 
, au MOVBIH.L1HEU),32,.DlSBI.F(OH; :. 
'. au 'BIHASCu); 
, au CATroH.CR}; 
.. au CRTOOTf.SP}~ 

au CRTOOTf.CDNV(O}}; 
CALl CRTOOT(.SP); 
CALL CRTOOTf.DISBUFfO}}; 

Jo.'EY=GETKEY ; 
I<=CHEC/{$KEY(KEV} ; 

DO CASE K; 

· • 
'* Other (O) Ii 

'* Bac-I! S?ace {1}*' 
CALl ·~(.SP); 

· , 
'* Carriage Return (2) ./ 

DO; 
EDSTA=O;' 
RETURN; 

END; 
. '.SfIiIl:e Bar (4) *1 
au CRT[lJT(~BS}: 
· If: Charaders IS} 1:/ 
DO; 
au CRTOUT(.DELETE); 
IF KEY='A' TJ£H 

DO; 
EDSTA=5; 
RETURN: 

END; 
. IF KEY=' T' llQ 

DO; 



FIRST=O; 
LAST=59; 
EDSTA=5; 
RETURN; 

00; 
aID; 

,I: Diqits (6) 1:, 
CALl CRlllJT(. DELETE} ; 

,I: Rubout m 1:, . , 

. , 
00; ,I: END £FDO CASE ., 
KEY=O; 

END; 
EDSTA=O; 
RETURN; 

END LSS006; 

IHuulunuuuuuulUUIUlluuuulunu ..... j 
I: .. PROCEDURE : L.SSalfi . 

• FlIlCTION : ROUTES 11£ USTlHG STATES . 
..• PUf au : H£H: 

• INPUT : NONE . 
. I: OOTPUT , NOOE 

• GLOBALS 'LSSCAH 
f. aus : AU. !.SS. •• 
1:1 
lSSCAN: . PROCEDURE PUBLIC; 

DO CASE EDSTA; 
RETURN; 
CALl LSSOO1; 
au lSSOO2; 
CALl LSSOO3; . 
au LSS004; 
CAU. lSSOOS; 
au lSS006; 

END; 
END LSSCAN; 

. IUH*UIII(Ulllnlfull.lluunllllnll(Un ...... ,···~ 

f· PROCEDURE : LSTI)ID:· 
I: Fl.WCTIOH : EXECUTIVE IF LISTING 
f· PLM fJU 

• INPUT 
f OOTPUT 
f: 6l0BALS 
I: CALlS ., 

• LSTDID: PROCEDURE PlJBLIC~ 

EDSTA=l; 
LSlOOP: 

CSlU. LSSCAH; 
. • IF EDSTA () () ~ 

rom LSlOOP; 
RETURN; 



END lSTCIID; 

ItHunUluunulurunUUfUUllunnl ';' 

ENDLIST1; 



fiPAGBlIDTH (132) 
' ... UlUUIIlIUUUIIlIUnUnUUlUIU .......... ·, .. .. 
.. iJ.IlVERSPL ~SYSTEH" If-

.. flWrROU.ER WITH SPIB If-.. .. .. 
If- FILE NAME : CPOO1P.S07 
H RJDULE .DEF •. : CIlIfPlLATION ROUTINES 
.. DATE : JULy 28 1986 
H AUTHOR .: ILHAN teIM ll.P .. 

.. 
H 

H .. .. .. .. .. 
IIIEllllll(ll[IElllfEIIEllIEll(lIIIIIIElflllllllllll, 

COJIfPl: 
DO; 
DErUlRE (EDSTA, 

CDUJHN, 
LINEfiNO, 
KEY, 
IDl..CTR, 
REI>STA, 
RI, 
FIRST, 
LAST, 
ENDFLS, 
JPlPFLG> BYTE EXTERNAL; 

DECLARE LINE(l).STRUCTUREC· . 
. LCHAR(32) BYTE) EXTERNAL; 

llEClARE Sc-SImSTATE 
6ET$KEV .' 

lITERALLY~PROCEDURE PUBLIC;', 
LITEAALlV'SETCW; 

llEClARE CR(f} BYTE DATA CODH,Q}; 
DECLARE COMP'.} BYTE DATA (000, '~ILE 'FROM ' ,O); . , 
DEClARE IeGINC.} BYTE DATA (000,' RUNNING' , O); 
DECLARE FOUND(.} BYTE DATA C' ERR01US} FOlIID' ,OJ; 
DEClARE NOERR(.} BYTE DATA «()DH, 'NO' ,0); 
DECLARE FIN1SH(.) BYTE DATA (000, '~PlLATlEW FINISI£D' ,O); 
DEClARE MlFIL (.) BYTE DQTA (ODH,' E~TV FILE WAS GIVEN', 0) ; 

. DECLARE ~'f.) BVTE DATA (000,' PRESS (V) m EXECUTE THE PR[}SAAllI', 0) ; 
DEClARE ANVC.} BYTE DATA (OOH,'PRESS ANY KEY TO EXIT' ,0); 

BINASC: PROCEDURE(MJlBER} EXTE~; 
DEClARE NIJIlBER BYTE; 
END BI~SC; 

tRTM: PROCEIlURE(/IISG$/IDR) EXTERNAL; 
DE!l.ARE P!SG1iADR ADDRESS; 
Erm CRTDUT; 

FILZER: PROCEDURE(STR$PTR,~) EXTERNAL; 
DEClARE STRfiPTR ADDRESS; 
DEClARE D~T ADDRESS; 
EN!} FILZER; 



~JIlD: PROCEDtJRE (SRC$AI)R, 1.EHSTH, DE'S$AI)f/} EXTER1A.; 
DECLARE (SRCW}R, DES$ADR} ADDRESS; 
DEClARE LooTH Bm:; 
END MIlVBD; 

Of<$LINE: PROCEDURE fuID} EXTER1R; 
DECLARE LHO BYTE; 
enD CHI($UNE; 

8<PTY: PROCEDURE(STRTADD> BYTE EXTERNAL; 
DECLARE STRTADD ADDRESS; 
END EMPTY; . 

GErCH: PROCEDURE Bm: EXTERNAL; 
END 6ETCk; 

INTERPRET: PROCBlUREfLH} EXTERNAL; 
DEClARE LH BYTE; 
EnD INTERPRcI; 

ERRJI!SS: PROCEDURE(TYP} EXTERNAL; 
DEClARE TYP BYTE; 
Elm ERRJIISS; 

1...SS002: PROCEDURE EXTERNAl; 
END LSSOO2; 

LSS003: PROCEDURE tXTERJiAl; 
END LSSOO3; 

LSS004:· PROCEDURE EXTERIA.; 
E,m LSS004; 

LSSOO5: PROCEDURE EXTERfA.; 
END LSSOOS; 

1~"IIIIIIIIIIIII'IIIIII.IIIIII((I([IIIJ. 

.. STATE ::CPSOOI 

.. FlKTIDN: 
* ENTERS : CPSm't 
.. EXITS : CPS002 

* 
. */ 

CPSOO1: lEGJN$STATE 

au CRTOOTf.COJlIP}; 
FJRST=O; 
LAST=O; 
RJ=O; 
J<EY=O; 
REDSTA=4; 
EDSTA=2; 
RETURN; 

END CPSOO1; 

/ ......... 111111111.1111111111.1111"1111111111 

.. STATE : CPS006 
* FIKTIDN.: Il»IPJLATI()I STATE 
.. ENTERS : CPSOOS 
.. EXITS 



• . , 
CPS006:· BCGIN$SiA~ 

CALl. CRT$OUTf.BEGIH);. 
IIJ'MCTR=O; 
KEY=O; 
ENDFL6=O; 

DO LIHE$1i>=FIRST TO LAST;-
- IFEMPTY(.UNEfUHE$NO}.lCAAIHO)} () 0 THEN 

DO; 
KEY=l; 
. CALL Df{$!..INE fi,lHE$HQ) ; 

END; 
END; 

IF EHDFLG = 0 THEN 
DO; 

~ lIHE$NO=lINE$HO-l; 
au ERRIG;(7}; 

END; 

IF KEY (} 0 THEN 
DO; 

IF IDlCTR=O THEN 
DO; 

CALL CRT$OOT(.N!ERR}; 
EHDFlGc=O; 
EDSTA=7; 

END; 
asc 

DO; 
CALl CRT$OOT(.CR); 
CALlBlAASCUD!..CTR) ; 
CALl CRT$OUT(.CONV(O}); 
EDSTA=O; 

END; 
CALL CRT$OUTf.FDUND); 

END; . 
aSE 

DO; 
CALl CRT$OUT(.NOFIL); 
EDSTA=O; 

END; 
CALL CRT$OUT(.CR); 
CALl CRT$OUT(.FIHISH); 
IDlCTR=O; 
KEY=O; 
RETURN; 

. ENDCPS006; 

1~IIIIIIIIIIIIIIIIIIIIIEI[IIKII[If.[III""" ~ 

I- STATE : tJ3S007 
I- FlJICTIDH: PREPRATIDN STATE -OF INTERPRETER - :: 
• . ENTERS : -CPSOO6 
I- EXITS : CPSOOB, CPSOOO : 

• . , 



CPSO(}7: ltGINSSTATE 

CALl CRT$OOH.6OOO}; 
CALL CRT$OUTf.AkY}~ 
CALL CRT$DUTf.CR}; 
KEY=SET$XEY; 

IF l<£Y=' Y' THEN 
EDSTA=8~ 

ELS£ 
EDSTA=O; 

RfTURN; 

END CPSOO7~ 

J~""IIIII.IIIIIIIIIIIIIIEIIIIIIIIIIIIIII 

I: STATE : CPSOOS 
I: FIKTIOH: IHTERPRETATIEWSTATE", ;'; 
I: ENTERS : CPSOO7 
I: EXITS :' 
I: 

1:1 
CPSOOS:'BEGINSSTATE 

LINE$NO=FI RST; 
DO IfflLE LIf£$N!J (= LAST~ 

IF EMPTYf.LIHE(LlNE$NO}.LCHARfO}} (}'OTHEH 
DO; 

au iNTERPRETfLIM:$N(}); 
IF ENDFl.G () (I THEN 

DOr 
ENDF1.G=O~ 
.mPFLG=O~ 
EDSTA=O~ 
RETURN; 

aID; 
aID; 

LlNE$NO=LINE~l; 

EHD; 
EDSTA<=(I; 

RETURN; 

EtID CPS008; 

I**+EIIEEIIEIIIIEIEIIIIIIIIIEIIIIEIEIIIIIIEIIIIIIIIEE 

f PROCEDURE: CPSCAA, 
I: RM:TION : ROUTES TI£ LISTING STATES 
f PLM CALL : tOE 
I: INPUT : rolE 
f OOTPUT : hONt 
f GUlBALS : CPSCSW 
f CSllS : ALL CPS ••• 
1:1 
CPSrnN: 'PROCEDUREPUBlIC~ 

DO CSlSE EDSTA; 
RETURN; 
auCPSOO1; 
au LSSOO2~, 



au LSSOO3; 
CSlLl LSSOO4; 
au LSSOOS; 
CAll. CPSOO6; 
au CPSOO7; 
au CPS008; 

am; 
END CPSCIW; 

1f+~~IEEfIIEIIIEIKEIEIEEEIEIIIIEIIIIIEIIIIII' 

f PROCCDURE: CPTCPID· 
* FlKTIDN : EXECUTI\'ER {FC()IPILER 
* PUt CAU. 
* INPUT 
* OOTPUT' 
* SLOOOt.S 
* CSlLlS 
*1 

. . 

CPTDID: PROCEDURE PUBLIC~ 

EDSTA=l; 
CPLOOP: 

CALL CPSaW; 
IF EDSTA () 0 TtiEN 

alTO' CPLOOP; 
RETURN; 

ENDCPTOID; 

1IIIIIIEIEfIEIIIIIIIII[IIIIIIIIEEEIEEIEI[I[E/'~ 



'MS8IIDlliU32} 
'lIlUUUUIIIUIIHunUUluunUEUUIIUUUII " 

+ H'-

-I­

+ 
+ 
+ 

lJ4IYE~ J£ASURatENT SYSTEM ' ' 
, "CONTROLLER WITH SPIB 

(D!PILER 

H 

H 

H 

H 

+ H 
+ ' FILE NAME ,: CP002P. S09 "H 

+ rmlULE DEi=. : m!PlLATIDI{ SUPPORT ROUTINES H 

-I- DATE : JUlV 31 1986 H 

+ AUTHOR ': Ium NEDIM Il.P H 

+ H 
:flllrlllrlrllllflrllr~II((fl((((rrlllllllllrllllrll/' • 

:l»!P.2: 
){}: 

IEWlRE (EDSTA, 
roLUMN, 
LlNE$N!J, 
KEY, 
IDLCTR, 
REDSTA, 
RI, 
FIRST. 
lAST, 
ENDFlS. 

, JMPfL6}BYJE .EXTERNAL; 

mARE LINE m STRl£TURE ( 
~R(32) "BYTE} EXTERt4AL; 

mARE, roNY(6} BYTE EXTERHAI..; 

lE£lARE DISBlF(33}BVTE EXTERNAL; 

lEClARE PARillU.} BYTE DATA U5,2" 
'I' ,1, '0' ,1, 'w' ,0, '=' .2, 'T' ,3, 
'-' , 3, '}' • 4, , P' • 5, 'E' , 4, 'C' , 6, 
'Y,"W,~'~,"F,~'r,~; 

lECLAAE ERRMESO(.} BYTE DATA (ODH,'SYNTAX ERROR IN ',()}f 
lECLAREERRJIIESHIJ BYTE DATA (ODH, 'UNRESOLVED INSTRUCTION IN ',O); 
lEClARE ERRJIIES2(.) BYTE DATA WOO, 'UROTS OPERAND IN ' ,OJ; 
lEClARE ERRJIIES3(.} BYTE DATA WOO,'UNEXISTENTVARIAB!..E IN' ,0); 
lEClARE ERRPlES4(.} BYiE DATA (ODH"UHTE~INATE» IHSTRUCTIOH IN '.O); 
mARE ERRJIIES5(.} 'BYTE 'DATA (ODH,' MISSING IlUDTATIOH IN ',0); 
lEClARE fRrmES6(f} BriE DATA WDH, 'IHVIl.ID CAAAACTER IN '.;O}; 
lEClARE ERRMES7(.} BYTE DATA (ODH, 'END NOT FWND IN ',O); 
lEClARE fRRMESS (.) BYTE DATA WOO,' OUT OF RRN6E NtJ!BER IN " O}; , 
lEClARE ERRMES9(f:} BYTE DATA (oDH,'WRONG DATA TYPE IN ' .O); 

DEClARE NEAR(f:} BYTE DATA (' HEAR " ()); 

SIAASC: PROCEDURE(NtJ!l!BER} EXTERNAL; 
DEClARE NUI'lBER BYTE; 
END BlNASC; 

CRTOUr: PROCEDURE (~R) EXTERNAl; , 
DEClARE ASG$ADR ADDRESS; 

" 



fUD CRTM; 

CHECJ{$KE'/: PROCEDURE(KEYM}} BYTE EITEruR.:;' 
DECLARE KEYNO BYTE; 
E.'m OfECK$KEY; 

, FILZER: PP.OCEDUREfSTR$PTR,Om EXlERNAL; 
DEClARE STRfPTR AOORESS;, 
DEClARE 00 ADDRESS; 
em FIllER; 

MOVlID: PROCEDURE (SRC$ADR, LEHGTH, IlES$ADR) ElTERIA.; 
DECLARE' fSRC$JIDR, DES$AI)R} AOORESS; 
DEClARE LENGTH BYTE; 
EN[} J«MID; 

/1111111111111111111111111111111111111111111111111111 -: 

'*, 'PROCaJIjRE: ERrumG 
I: FlKTION : DISPlAY CDJIIPJLATI~ ERlIDR ~ :,: 
*' PLM CALL : "CALL ERRr.SSfERR$TYP} 
I: INPUT : ERR$TYP •• DISPLAYEI> ERlIDR TYPE 
*' OOTPUT' : NmE 
I: S!..OMLS : CONY 
*' ailS : BlNASC,CRTOUT 
1:/ 

ERRI4SS: PROCEOORE(TYP} PUBLIC~ 

DECLARE iYP BYTE; 

DO CASE. TYP; 
CALL CRT$OUTt.ERRMESO}; 
CAU.' CRT$OOT (. ERlDeSl); 
CALL CR/$OUT(.ERR1£S2); 
CALLCRT$OOT(.ERRMES3}; 
rnu. CRT$OUT(.ERRI£SU; 
au CRT$OUH. ERRJIIESS} ; 
CALL CRT$OUT(.ERRMES6); 
CALl. CRT$!)(JH. ERRKES7); 
CALL CRTfOOT (. ERRI£SS) ; 
CALL CRTfOUT(.ERRKES9}; 

END; 
CALL BIH$ASC(LlNE$~~}; 
£ALL CRT$OUT(.COWV(O}}; 
CALL CRT$OUTf.HEAR}; 
CALL CRT$OUT(.DISBUFfO}}; 
IDLCTR=IDLCTR+1; 
RETURN; 

END ERRG; 

/ff* .... I:I:IIIIIIIIIIIIEIIIf.IIIIEIEEIIIIIEIIIIIIIIIIII 

1:' PROCEDURE: CHK$DATA 
*' FlJICTION : CONTROLS THE DATA FIELJ) 
I: POI au :' CALL CHK$DATA 
I: INPUT 
*' OOTPUT' 
*' StOllALS 
*' CALLS 
11 

: NONE 
':ERROO'JI!ESSAGE roCRT 
: DISBlF 



DECLARE I BYTE~ 

IF DISBUF(3) () '22H ~ 
CALL ERRJllSIH5}; 

asc 
DO; 

DO 1=4 TO 31~ 
IF DISBUF(I} (}.O THEN 

DO; . 
IF DISBUFm = 22H ll£H 
DO~ 

IF DISBUF(I+l) (} 0 THEN 
, CAI..L ER~SS(6}; 

END; 
END; 

as: 
DO; 
; CALl ERRfJtSIH5}; 

RETURN; 
END; 

END; 
,CSlU.ERRMSG (5) ; 

fNI}; 

IIUUUllunUllIUUUUIIUUEuunUUUIHI+H 

• PROCEDURE: 'CHK$DIG 
• FlJlCTIOH : CHECKS TH: 'RANGE' IF DIGIT OPERANDS 
• PLM CAI..L -: CAl.!. 'CH/\$DIG(TYP} , 
* IMltff : TYP •• DIGIT DPEAAND TYPE 
• OOTPUT: NONE 
* 6LOBAi..S : mN 
• aus :BI~,CRTOUT 
*/ 

QHK$DIG: PRDCEDURE(YP} PUBLIC; 

DEClARE tYP, DIGIT>BYTEf 

DO CASE YP; 
DO; 

IF DIGIT }= 32 THEN ' 
CALL ERR$~SS(B}; 

00; 
DO; 

IF (DIGIT ) LAST} OR {DIGIT ( FIRST> THEN 
'CALL ERR$MSS(S); 

fNI}; 

END; 1* END (F DO CASE *1 
RETURN; . 

END CHK$D1S; 



1~1(11(11111111111[11[1[11111[IIIIIIIIIKIIIIII[11 

• PROCEDURE: Vll.ID$DI6 
• FlJICTIDN : CHECKS ll£ DAm ARfAHTJER THEY ARE' 
,. 'DI6ITSOO MJi ' 
I' PUt CALL : au YALID$DIG 
• INPUT : N£lI-lE 
I' OUTPUT : NONE 
I' Q.OBALS : fDE 
I' CALLS : OO$KEY,ERtmSG' 
.1 

VALID$DIG: PROCalURE ruR..IC; 

DECLARE fDIG,K} BYTE; 

00 K=4 TO 29; 
DIG=DIS1ItJF flO; 
IF DIG (} () 1JifH 

DO; 
IF DIG (} 22H THEN 

DO; 
IF ClECK$KEY(DIG}, (} 6 THEN 

END; 

DO; 
mil. ERRHSGf9}; 
RETURN; 

END; 

RETURN; 
EHD; 

RETURN; 
END; 

EHD WllID$DIG; 

,[1111111111[11[111111111111111111111111111(11[111111,~ 

• PROCEIlURE c, CHK$TYP , 
I- FlJICTION : CHECKS TI£ TYPE a= OPERAND 
• POl CALL :' CALl..at<$TYP(TYPE} 
I' INPUT : TYPE.. TYPE a= OPERAHl}" 

• 'OOTPUT :: ERROR MESSAGE IF It!PROPER JYPf EXISTS 
* SLDOOt.S : tolE 
(- DUS . c£RRP!SS, OfK$DATA, CHK$DIS 

*' 
DECLARE UJPl, 0P2, TYPE,H BYTE; . 

OPl=OHECX$KEYfDISBUF(l}}; 
.. OP.2--CHECK$KEYfDISBlF(2}); 

DO alSE TYPE; 
,. Type •• () W,J.I 

00; 
IF DPl () 6 DR DP2 (} 6 THEN 

CALL ERRJltSIH2} ~ 
a.Sf 

IF DISBlF(3} (} Q THEN 
au ERrmsGf6}; 

IF DISBlFf()} = ":r TJ£N 
CALL DiKfDIGW; . 



00; 
,. Ty~ •• l I,D.' 

DO; 
IF OPl () 6 OR DP2 () 6 THEN.' ; 
: CAll. ERRJltStH2}; 
as!: . 
. CAll. £:HKfOOTA; 
au OiKfDIS(O}; 
IF DISBUF(O} ='1' THEN 

DO; 
IF DISBI.F(4} ('85 OR DISB!.F(4) }90THEN· : 
. CAIl.. ERRJIISS (3) ; 

00; 
END; 

,. Ty~ ... 2 ==., 
DO; 

IF OPl (} 4 OR OP2(} 5 THEN 
'au ERRIGH2}; 

ase 
DO; 
. IF DISBUFf2} (} 'K'AND 

. .' DISBlF (2) (} '1..' THEN 
CAll. ERRJIGG(3};, 

ElSE 
CAll. Oi(fDATA; 

.CALL VALIDSDIG; 
END; 

END; 
,. T)'~ •• 3 +, -., '. 

DO; 
IF OPI {} 4 OR 0P.2 .f} 5 THEN 

CALl ERmtsG(2}; 
ase 
. DO; 

IF DISBUF(2} () 'WAND.' . 
DISBlF(2} {} 'I.' Tf£H 

. rnu. ERRMSS(3}; ." 
Rse 

... IF DISBI.F(3} () () THEN 
au ERRIIISIH6}; 

,. Ty~ •• 4 },E,R,S.' . 
DO; . 

IF OPl (} 4 OROP2'f} 4 THEN 
'CALl 'ERRHSG(2}; 

ase 
DO; 

IF fDISBtF(3l () O} IWD fDISBI.F(o} ()"' R'} n£H 
~.; .~ OUERRJIlSS(6}; 
'IF DISBtF«}}='P'Tf£H· 

. ENDFL.G=l; 
fNI}. , 

END; 

DO; 
IF OPl {} 4 OR 0P.2 (} 5 THEN 
. au ERRJI!SS(2}; 

ase 
DO; 



IF DISBI.IF(2}, (85 OR DISBtF(2)} 90 THEN 
au ERRMSS(3) ~ 

IFDISBI.JF(3)(}O THEN . 
DO; 

END; 

IF DlSOOF (3) () 22H il£H . 
CSUERRMSG(S) ; 

ase 
au OO$DATA; 

am; 

am; 
If: Type •• 6. C .1 

00; 
IF ·OPl OS OR 0P2 () S TfQ 
au ERRHSS(2); 

aSE 
00; 

IF fDJSBUFU> () 'K' AND DISBtFu} () 'L') DR . 
. fDJS1UF{2} 0 'K'AN!} 1>ISBlFf2} () 'L' ) THEN 

: au ERRMSSf3};. 
aSE 

END­, 

IF DISBUF(3} (} 0 THEN . 
au ER~(6); 

END-• 
END; ,. ~ OF 00 CASE f:1 

RETURN-• 

Itf:f:ffEII(EEIIIIIIIIIIEIIIIIIIIIIIIElllllllflllllllll 

• , 'PROCEDURE : -PARSlkG 
* FUHCTION': PARSING TriE INSTRl£TI£W " 
f: PUfau : 'au PARSING '" , 
• INPUT : I«JHE 
"OOTPUT : MN: 
* G!.OBAL.S" : D ISBtF 
f: aus : CH{$TYP 
*1 

PARSING: PROCEDURE PUBlIC; 
DECLARE (REroiT,ENTCHT,J,K. TP) BYTE; 

'RECCNT=PARTBL(O); 
ENTCHT=PARTBL(l}; . 
K=2; 
00 1=0 TO RECCHT; 

IF "DJSOOFfO) = PRRTEltK) THEN 
00; 

Tfl=PARTBUK+l) ; 
CAlL CHK$TYP(TP); 
RETURN; 

EHD; 
as!: 

K=I<+fHTCHT;" 
END; 
au ERRMSSU>; 
RETURN; 



BID MRSING; 

/EIEUUUUUUEUUUUUUEUUUUIUUUUHHH-·:.' 

~ '. PROCalURE ~CHK$L.lNE 
.. FlKTIDff,: CHECKS '11£ BIVEN UtE AND SEPERATES'<, 
.. . -,' TI£ INSTROCTI~ IlilOi ME BIVEN TIE 
.. SAME LINE 
.. PUfml. : CALL CH<$LlHEfLNO}; 

.. INPUT : LNl ••• D£CKED LINE NO . 

.. OOTPUT ,: . NOOE 

* BL.O.BALS : NOOE • 
.. aus ,: MRSING, FILlER 
*1 

DEClARE fl'NO,M,H,D) BYTE; 

CALl FILZERf.DISBUFfO}~33}; 

~; 
N=O; 

BEGIN: DO WHILE ,. (= 31; 

D=LINE(LND}.lCHARfM}; 
IF D () 0 TI£N 

DO; 
IF D (} J~' THEN 

DO; 
IF M=31· THEN 
DO~ 
;'Dti .ERRMStH4.} ; 
. , RE'iURH;' 
BID; 

DISBUFfH}=lIHEflNQ}.lCHARfM}; 
·Jt-:MH; 

N=Ni-l; 
'GO TDIEItf; 

am; , 
Rse 

DO; 

END; 
ElSE 

DO; 

IF M=O THat 
00; . . 

au MOYBIH.LIHE fLHo} .; lEHAR(o} , 32, • DISBUF fO}} ; 
·.au ERRMSGfO}; 

H=O; 
M=M+l; 
CALl FllZER(.DISBUFfO},33}; 
GO TO BEGIN; 

END; 
V' 

IF DISBIF (O) (} 0 ll£H 
DO; 

CALl ERR)fSG(4}; 
CAI..i. PARSI";; . 

END; 



RETURN; 
END; 

EHD-, 

END mlP2; 



'$POOEUIDTIH132) 
'UfUUIUElIIIIUIUUUUIUnUIUUUUUUU[[( .'. 

K .K 

K UHIYE~ r£ASlJRCII£NT SYST9I K 

K CONTROllER WITH SPIB K 

n f+ 

n INTERPQETER f+ 

f+ f+ 

f+ FILE NA!£ : CPOO3P.S09 f+ 

f+ PIODULE DEF. : INTERPRETER ROOTn£S f+ 

f+ DATE : OOGUST 05 1986 f+ 

f+ AUTHOR : It.mN IE»IJII ALp· . K 

n f+ 

HUUfUUUluuuuunUUlunUUIUUUUIUI/· 

cmlP3: 
00; 

. DECLARE fEDSTA, 
Cllll.JII!H, 
UNE$NO, 
KEY, 
IDLCTR, 
REDSTA, 
RI, 
FIRST, . 
lAST, 
aIDFLS, 
JIfPfLS} Bm EXTERNAL; 

DEClARE GETKEY LlTEAAU.Y 'GETCH';· 

DEClARE EXECTBlf*} ·BYTE DATA U5,2, 
'I' ,0, 'O',1 .. 'W',2, '=' ,3, '+',4., 
'-' ,5,'}' , 6/P', 7,'E' ,8,'C',9, _-
, J' , 10, 'S' , 11, 'D', 12, 'D' , 13, 'R' , 14} ~ 

DEClARE CRff} BYTE DATAfODtf,O); 
-. DEClARE SP(f) BYTE ]lATA f2OH,0}; 

DEClARE BEEPf f} BYTE DATA (o7H, O) ; 
: DEClARE Cf.) BYTE DATA (ODI-t, 'PRESS (C}TOmmHtE' ,O)~ 

.. DEClARE Rm BYTE DATA fODH,'PRESS ·fR} TO RESTART' ,O}; 
.. DECLARE Ef*} BYTE DATA (ODH,' PRESS (E) TO EXIT' , O} ~ 

DECLAR£ PRIHTERFAI1. (f) BYTE DATA f07H, OOH, 'PRINTER FAIL \O} ~ 

DECLARE LINEU> STRlICTUREf 
LCHAR(32} BYTE} EXTERHIL; 

DErtARE STAR(6} BYTE EXTERNAL; 
DECLARE i.PCNT BYTE EXTE~; 

DEClARE OBlFER (1) STRUCTURE ( 
OOiR(80) BYTE} EXTE~; 

DEClARE DISBtF(33} BYTE EXTERUAL; 

DECLARE Hdll..lFf32} BYTE EXTERNIl.; 

DECLARE REG (1) STROCTURE f 



OtR(32) BYTE) EXTERml.; 

DEWIRE OBLF(28)BYTE EXTERIA.; 

DEClARE LLISTf2) BYTE EXTE~;"" 

DEClARE Tl.IST(2) BYTE EXTERNAL; 

DECUlRE (YAAA, YARB) ADDRESS EXTERra:; 

DECLARE nBFCHT BYTE £XTE~; 

EXRECV: PROCEDURE EXTERNAL; 
00 EXRECV; 

EXSEN!}: PROCEDURE EXTERNAL; 
EN!) EXSEND; 

FILZER: PROCEDURE(STfnPTR,OfT> EXTERNAL;" .: 
. "DEClARESWPTR ADDRESS; , 

DEClARE 00 ADDRESS; 
END FILZER; 

BfPTY: PROCEOORECSTRTADD) "BYTE EXTERti}L; . :: 
:, DEClARE STRTADD I:IDDRESS; C 

. E1ID EJIIPTY; 

URWRIT: PROCEDURE EXTEM.; 
£HD URUIlIi'; 

CRTOIJn PROCEDURE(MSe$ADR) EXTERNrt.; 
DECLARE MSS$ADR ADDRESS; 
END CR1DIJT; 

1mDD: PROCEOORE fSRCSAI>R, Wl'nt, DfS$ADR) EXTEmA.; " ! 
! .. DEClARE (SRCSADR, DES$ADR) 4IDDRESS; 

DECLARE i.Eti;nt BYTE; 
END MOYBD; 

GETCH: PROCaJURE BYTE EXTERNAL; 
EN!) GETCH; 

£:&41H: PROCEDURE BYTE EXTERNAL; 
EN!) £:OOIk; 

1I1111111111111111111111111111111I11111111111I1111111 .. ; 

" • ". PROCEDURE : GETLP. 
* rulCTIOH : SEAAOf AN EJIIPTY PRINTER BUFFER AND " 
• " RETURNS ITS rDlBER 

* PU4 au . J = GE11.P; . 
• " INPUT :·NONE 

* OUTPUT : N£WE 

* Q..OBALS : STAR. 

* CPLLS : N!WE 
II 

GETLP: PROCEDURE BYTE PUBlIC;" 
DEClARE K BYTE; 

K=6; 



IF STJlFl.. (LPOO"}=O THEN 
DO; 

STAFULPCHH=l; 
K=LPafT; , 
LPCNT=lPOtTf·l ~ 
IF LPCHT } 5 Tl£H ' 

LPCHT=O; 

END SETLP; 

1~IEIEEIIEIIElrIErEIIEIIIIf.EIErlllrIIIIIEIII(" 

f PROCEDURE ; SEAROimIlT' 
.. FlJiCTIDN' : SEARCHES TJ£ 'SECOND QOOTATHW OF, DATA 
f ':, FIELD AND ZEROS IT AND ~ RETURNS 
.. TIE MJ/lIBfR OF CHARACTER 
* PUt m..L : J=SEARCIMOOi 
.. INPUT : NONE 
* OOTPUT : MJ!IIBER IF CHARACTER 
.. SlDBALS: DISBUF 
f aus : NOOE 
*1 

SEARcmwJT: PROCEDURE BYTE PUBtIC; 
DEll.ARE PT BYTE; 

PT=4; 
IlGAIH: IF DISBI.F(PT} = 22H THEN ' 

DO; 
DISBtFfPT}=O; 
RETURN PT~ 

END; 
ELSE 

DO; 
:' PT=Pi"+1; 

GO TO AGAIN; 
BID; 

END SEARCH$W}T; 

111'.I.IIIIIIII!!'II,!,!IEIEEEII""IEII!'I.EIIIIII.I 

*:PJIDCEDURE: .a:JtNASCBIr. 
.. FlJlCTIDN: COHVERTS lHETWO BYTE ASCII DIGHS IHTD 
* .THEDNEBYTE Blr.ARY 
.. PUI m.L: J = CiltNASCBIH· 
* INPUTS : NONE . 
.. OUTPUTS : CJ.lE BYTE BIr~RY VALUE' 2 
* ,Q.DBALS : DISBlF 
* CAlLS : f(Jt£ 

*/ 

CONYASCBIH: PROC8JtJRE BYTE PUIUCf . 
, DECLARE RESUlT BYTE; 

DlSBI.F(l}=DISBUF(l} AND OFH; 
DlSBUF(2}=DISBUF(2} AND ORH; 
RESUlT=DISBUFW*10 + DISBlF(2}; 
REllIRN RESll T; 



. nBlF (OBFOO)=ODh; 
0BlF ma=oo +1)=OOH~ 

. . mu=OO=D&--ofl"+2; 
CALl EXS9m; 

. RETlJRtf; 
END OIhS;' 

/HfnllllllllnnUlilununnuunnlllUUlun ", 
.... PROCEDURE : WINS 
* FlKTIOH": WAIT ,INSTRl£THW 
• PUI au. .: * INPUT' : 

• OOTPUT : 
* SLDBALS 

.• CAlLS 

*1 

. . 

•. WINS:' PROCEDlJRE PUBLIC; 

" ':.00 w=o TO mNASCBIN; 
· DO WW=O TO 24; 

CSlU. WRUAIT; 
END; 

END; 
RETURN; . 

END WINS; 

• 

/Hfunun 1IIIIIIUliliunnUlUlUIUUIUIUIII ... ~. 

c ... PROCalURE :. DCRINS ,. 
-. * FlKTIOH.: DECREJIIENTS Tl£CONTEHTIF YARIABlE '> 

• - PUlall :·NOOE .' , 
* INPUT : NfJe -
• . OOTPUT' : NDNi: 
* . SLOBAi.S .: 

• au.S 
*1 

:' . DCRINS: PROCEDURE PUBUC; 

IFDISllIF(2)= 'Ir THEN 
YARA=VARA-l ~ 

IF DISBUF(2} = 'l"THEN 
. YARB=YARB-l; 

END DCRINS; 

/1111111111111111111111111111111111111111111111111111~i 

.~::: I"i- PROCEDURE : INCIHS . 
* FUHCT1OH: Ifl:R9!EHTS'THE awTEHT.1F TI£YARIAB!.E'· 
.PUlrAL' 
.. INPUT· 

• . 00TJlUT *. GLOBAlS : . 
•. CAlLS 



END OJMlSCBIN; 

/H+HIIUUUUIUUUUUUUUUIIIUUUUUIUU·,::. 

f PROCEDIJRE:!INS 
* FOCTIOH : REAlIZE en -INSTRt£TIlW 
* PiJI CAlL :.N£H: 
* INPUT : HOHE: 
* OOTPUT : MJt€ 
* SLDBALS : DISBUF, TLIST,IHBUF 
* CALLS . : £XRECY,FIi..1ER,ASCBIN 
*/ 

!INS: PROC8lIJ~ PUBLIC~ 
DECLARE N BVTE; . 

TLISHO}=CimASCBIN DR 4OIi; 
TL 1ST (J}::(lf'FH; 

rnLlFILZER(.I.aF(O},32); 
CAlL EXRECY; 
H=DISBlF(4)1!5; 
CALL MOVBlH.INBlF to} ,l2, • RES IN}. ai/HOB; 

RETURN; 

94D !INS; 

/1(11.1[111111111111111111111111111111111111111111111 -~ 

* ". PROCEDURE : DINS 
* FUNCTION : REALIZE fOr INSTROCTI(W:~ 
.. PUI CALL : tOe 
* INPUT : NONE. 
f OOTPUT : NONE 
* SlOBALS. : DISBlF,LllST,DlIlF .~ 
* "tALLS : FILlER, ASCBIN " 
*/ 

DEClARE (D,l) BYTE; 

LLISHO}=COOVASCBIN DR' 2011; 
LLISTW=OFFH; 

"CALL FILZERI.DBUFIO),28}; 
DBFCNT=O; 

DO L=4 TO 29; 
D=DISB!.Ffl); 
IF D(} 22H ThEN 

DO; 
IF D f}\' TIiBi 

DO; 
;. "OBI.FtDBFOO}=D; 
: DBFcttT=DBFCNT +l ; 
END; 

EHl>; 
ELSE 

GO TO G(}{W; 

END; 



*1 

: 'It£INS: JlR!JIEllIRE' PUBLIC! 
i" • 

IF DISBUF(2} :: 'J{' THEN 
YAAA=YARAH; 

IF DISBlF(2) = 'L' THEN 
YARlI=W}RlIH; 

RETURN; , 

END INCINS; 

/fl~IEEIIEEllfIEIIEEllfEIEIIEEI[lfll[III(IElllfllllll"f 

• " PROCEDURE I EQIHS 
* FtJlCTIDH : REOCIlE f=l IHSTRI.£T1fJ4', 
• PUt m.J. : N[J£ 

• INPUT : NONE 
• OOTPUT , . MJt€ 
* GI..flM!..S 
• CALlS 
*1 

DECLARE 01, I} BYTE, 
(YIJlIIl, WlUE). AIIDRESS; 

M=4' 1 

I:zO; 

DO IliILE DlSOOFOf) (} 22H; . 
, DISBlF(!if}=DISBtFOO ANI} OFH; 
~1;' 

. 1=1+1; 
EHD; 

IF 1 } 4 THEN 
1=4; 

YJl.UE=O; 

DO K=1 TD I; 
;,' YDlM=DIllBlEfDISBtF(JlHo3»; 
; YALI.E=YALUE~T1l.U-fU; 
END; 

IF DISllJF(2} = 'W THEN 
VAAA= VILlE' , ' 

IF DISBUF(2) = 't' THEN 
VARB: WILLE; 

RETU~; 

END BUNS; 

/EunUUllunnnnuunUUllunnununlUIl " 
;' • 'PROCEDURE : mPIHS ' " 
" *" FlN:TIDH :., 
, ,. , PUt CALl 

* INPUT' 
.. OOTPUT .: 
• GlDBALS.', : 



f-CALlS 
f/ 

JMPINS:. PROCalURE PUlIlIC; 

l1NE~JH~l; 
JMPflS=l; , 
RETURN; 

END JIIIPJHS; 
'f-HHHHUnIIUEUUIEUIIIUIIIIUUnUIKIIIIIII 

',f-PROCEDURE- : ENDINS 
f FlKJ'JON : 
• ,PlJ! CAll. 

* INPUT 
f OOTPUT 
f GLOBALS '.: 
f CAlLS 
*/ 

EHDFlS=1; , 
JlllPFLS= 1 ; 
RETURN; 

END ENDJNS; 

IHHfHuunnUUlunnUIUIlEEUIUIIIUUIUff' -,: 

• 'PROCEDURE :DlPINS 
* FlI4CTIDN 
f PlJ! rAt. 
* INPUT 
f 'OOTPUT 

* GLOBALS 
fauS 
*/ 

DlPIHS: PROCEDURE NBlIC; 

IF DISBUFW = ' I<' THEN 
00; 

IF \lARA} YARB THEN RETlJRH; 
JIIIPflS=l; 

END; 
ase 

00; 
IFYARB} YARA THEN RETURN; 

, JIIIPflS=l; 
END;' 

RETURN-, 

I1111111111I11I111I1111111II1II1111I11111II11111I1I11~ 

f PROCEDURE: REKIHS 
f fWCTIDH : 
f JUf au. 
f INPUT . . 



• ruTPUT" * SlOMLS 

• CALLS 
*1 

JMWI.S=l; 

RETURN; 

END RafIHS; . 

. . 

11.11 •• 11 •• 1.1'1'.'11."1111 ••• 111.1111" •• 1.11.1.11.--. 

* . PROCEDURE ; -STPINS 
* FUNCTlON': 

• PUI CALl * INPUT 
* WTPUT 
* GUlBALS 
•. CALLS 

*1 

-STPINS: PROCEDURE PUBi.IC~ 
JlEIl.ME I BYTE; 
DO 1=0 TO 9; 

CALlCRTOUTC.BEEP}; 
END; 

CALL CRTOUTf.C}; 
CALl CRTDUTf.R}; 
£AU. CRTOOTf~E}; 
CALL CRTOUT c. Cil) ; 

IFm='c', THEN 
RETURN; 

IF KEV='R'-ne 
DO; 
; .UfENO=fIRST-l; 
; -.DfPFl.S=1; 
BID; 

IF KEY=' E' n£N '" 
rA.l ENDINS-. , 

_END STPINS; 

/111111111111111111111[111111111111[111111['111'1.1111-

:' * .. PROCalURE : DINS 
. * AKTIOH 

*, PUf _cal : 
* INPUT 
• - ruTPUT' 

* GLOBALS ' : 
*.£AU.S 
*/ 



DEClARE {I,J} BYTE; 

CALl CRTDUT(.CR); 
IF DISBUF(3) (} 0 TI£N, 

.. J=SEARCH$W)T; 
au CRIOOH.DISBI.F(4)};: 

. ·CALLCRTDUTf.SP}; 
I=DISBlF(2)-85; .. 

. au .tRTOOTf;RESm.CHRfO}}; 
RETURN; 

END DINS; 

'1111111111111111111111111111111111111111111111111111c·' 

f . PROCaJIJRE :. BINS . 
* FUHCTION 
.: .. PUI au : 
* INPUT 
f 'OOTPUT 
* SlOBALS . : 
f aus 
*/ 

. BINS:PROCEDlIJe PUBLIC; 

CAll. CRIOOTf.BEEP); 
au DINS; 
RETURN; 

END BINS; 

'IUUIUIHHIIUIUUUIUIIUUUUHHHUIIIIIU:'" 

f PROCEDURE: PINS' 
f FLNCTIDN 'PRINTS TI£DATAFIaD lFEXISJS RHD '.,~ 
f' . "' aMENTS DF m:: .$EIFIE» .REGISTER 
.. PUt au. .: . 

-f IHM 
f MAlT 
f. GLDM..S 

* aus . . 
f:' 
PINS: PROCEDURE PUBLIC; 

DECLARE fK,J,~,I;L,Pr-BYTE; 

K=S£AACH$OOJT; 
J=lELP; 
","DISlIlF (2}-85; 
IF J }= 6 il£k 

DO; 
;. -au ·CRTOOT(.PRIHTERFAIL>; 

RETURN; 
EM>; 

DO 1=0 TO 79; 
. DBUFERfJ).OCHIHI}=2OH; 

END; 

P=O; 
IF K (} 4 TtfEN 

. DO; 



L=K-4; 
CALL MDYBDI.DISOOF(4),L,.DB!.FERW.OOfR(PJ}; '" 
P=L-1; . 

am; 
CALL IIWBlH. RES(K). aUUO}; 32, .OBlFElHJ}. (JOf/UP}'); : : :: 

. STIlFUJ}=2; ,. 
RETURN; 

END PINS; 

InllllElllllfUUI.UIUllIunUlunUUUUEuun .< 
" 'PROCEDURE :PINBtF 
" Fl.WCTIDH : DISPLIlYS Tl£ INBlF TO CRT . 

" PU! CALL 
f INPUT 
f OOTPIJT 

* GLOBALS 
", CALLS : 
*1 

PINBI.F: PROCEDURE PUBlIC~ 

CALL CRTOOT(~CR}; 
au CRTOOT(. INBlFW}} ~ 
RETURN~ 

END PIHBlF; 

InnUIIIUUUlllunllllluuunUllnUIUIIUH,",: 

" . ,- PROCEDURE :BECUTIYE 
" FOCTION' : EXECUTES' TI£ ,INSTROCTIDt~r . :' 
" M au . : 'CALLEXEruTIYE 
* INPUT : IllHE 
f OOTPUT : Mte 
* GLoMLs : DISBlF 
"aus : IlL!. II'6fROCTI£r4 SUBROOTINES 
*1 

. EXEtUTIY£CPROCEDURC PUlII..IC; 
DfCtARE (RECCHT,ENTOO,K, I,PARAlO, BYTE; 

RECCNT=EXECTBL(O}; 
EHTCNT=EXECTBL (1); 
K=2; 
DO 1=0' TO REa:HT; 

IF DlsaF (O}=EXECTBUK) THEN 
DO; , 
; PARAM=EXECTB!..(K+l}; 
; '00 TO FIND; 
END; 

a.SE 
, J(=K+OO'CHT~ 

EHD; 
FIN!}: 
IF PARAM }= RECCHT THEH > 

RETURN; 

DO CASE PARAM; i 

,au IIHS; 
:, au DINS;, 



au WINS; 
CAll. saNS; . 

. CSU INCINS; 
au JlCRINS; 

,. 'au 'PIHBUF; 
au PItIS; 
au ENDINS; 
au DfPIW3; 
au JlllPINS; 
au STPINS; . 
CAll. BINS; 
au DINS; 
au RafINS; 

END; 1* END IF DEl CASE I' 

. END EXECUTIVE;:" 

/11111111111111(111(11111(111111111111111111111111111; 

.1 ... PROCEDURE : ·CHK~Rj 
.. fOCTIDN : D£D<S TI£ fOfJTOR USRRT 
.. PUlCSU :.£AU. Oi<~RT 
.. INPUT : fOiE 
I . OUTPUT , .NONE 

* SLDBALS' ; lOiE 
... £:IUS : &tWIN 
*1 

Di($USRT: PROO:DlIRE PUBLIC; 
DECLARE K BYTE; 

Jt=COOIN; 
IF If = (} THEN RETURN; 
au ENDINS; 
RETURN; 

/111111111111111111111111111111111111111[[111111111" 
• 0 .. • MDCEDURE : INTERPRET 

.. Fi.fCTION : REAlIZE THE IHTERPRATATION (F. .. ;, 

.. . . '-INSTROCTIOOS 
* PIJI au : au INTERPRET (LN}; 0-

.. INPUT . : !.N. ••• LINE HOOIER 

.. OUTPUT' : H£W£ 
l:.aJlBALS· f DIsaF,LINE ' 
* aus : EXEC 

I' 
INTERPRET: PROC£DURE (UfO} PUBLIC; 

DECLARE (00,,., N,D) BYlE; 

CALL FIlZE!H.DISBUFH)},33J; 
t'I=O; 
N=O; 
START: DO ~IL.E JI! (= 31; 

D=1.INE (oo) .1.Cff}ROO ; 
IF D () 0 1'Jei 

DO; 



IF D () ';' 'THEN 
DO; 

DISBl.FfH}=D; 
M=M+l; 

"k=HH; 
oom START; 

em; 
RSE 

DO; 
.ooru1=O;' 
CAU.EXEIlJTIVE; 
CALL CH<$USRT~ 
IF JMPflG () 0 THEN 

RElllRN; 
h=O; 
~H+l; 

CAlL.FILZERf.DISBUF(O},33}; 
'. oom START; 
END;' 

END; 
. RETllRH; 

END; 

RETURN' 1 

EN!) INTERPRET; 

/IIIIIIIIIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIK/ .~ 

, 



$POOEWIDTH U20} 
;HfIlUIUEIIUUIUIIUIIUUUIIfUUnUIUIUIU- .~ 

;* ... ;. 
lJ4IYERSSl.. ~REJrBIT'sysrEM .' ... ' , 

" roHTROU.ER WIlli GPIB 
.. 
H .. .. .. . SPIB ROOTIHES 

;* FILE HAle : GP100A.SOl .. 
;* I'IlDULE DEF. : GPIB ROUTINES .. 
;* DATE : APRIL 13 1986 H 

;* OOTOOR' : IUflH kEDI~ E»-P .. 
;* .. 
;1111111111111111111111111111111111111111111111111111 '. 

'" • 

'" 1 

tflME GPIB 

fIN:lUIlE (:FO:SPIB.I9I) 
'" 1 

'" , 

'" , 

PlJIUC INIT 
PUBLIC SEHD 
PUBLIC RECY 

"PUBLIC RaE 

£SES 

;HfIUIIIIIUUIUUUUllllluuuullunulllllu· "': 

; PROCEDURE: INIT . 
; FlJICTIDN : INITIALIZATIOO ROOTIHE 
; PO! au : h~ 
; IHPUT : None 
; OOTPUT : hone 
; SLOBALS : N~ 
; aus : ~ne 
; DESTROYS : A,F 
'" , 
INIT: 

. 
1 

PlYI 
OOT 

;, WVI 
OUT 
filYI 
OOT 
MYI 
OOT 
JltYI 

, OOT 
ClRA 
ruT 
OUT 
ruT 
RET 

A,IHTPI 
INTMR 
A,DTDU 
IIDROl 
A,DTDL2 
IIDROl 
A,mI 

'A!)JOO) 

A,CLKRT . 
AUXJiID 

INn 
INT2 ' 
AUXMD 

;Enable ltI' 
;Dut~ to 92' s inti-. aask fff1. 
;Disable llaJortalker/listener ' 

;Disable flinor taiker/i istener ; " 

;Talk only flode ," 

;3 KHz for delay' titer 

;Disable all 91 &aSk bits 
;I~iate execute PON 

;HlIIIIIIUUUluuunUUlunuuunUUIUIUI .. ;, 

; PROCEDURE: SEND ' 
; FlJICTIDN : SEND ROUTI hE 
; PO! au : hone 
; INPUT : HL listener list pointer 
; ,'DE nata buffer pointer 
; C C'Ount •• O Nill .cause :no oatato.De-
; sent 



B EOS charatter-.. SDftNaTe detected_ ... 
IllTPUT : t;Dre 
S1.£lOOlS : tiDre 
'~S : hDne 
DESTROYS :~,. C,DE, fl., F 

D: MYI' 
OOT 
WAITO 
MYI, 
OOT 
WAITO 
I«lV 
nrr 

D1: !We' 
OOT 
WAITO 
IHX 
;mp 

D2: MYI 
OOT 
tNI 
OOT 
WAITX 
WAITT 

I'tVI 
OOT 

CLRA 

OOT 

A,tH. 
,DOOT 

A.lM' 
DOOT 

A,B 
EOSR 

2011. 3EH. SEHD2 
DOOT 

H 
SEND! 

OOX~ 

;Send Ul'liversal ,um isten tD tum Dff 
. ;any previtus talker-

;Send tmiversal urJtalk 
ito stop previous talkers 

;Set EOS cl'Iaracter- . 
. ;Output it to 8291~ . 
;Mnile listener • .;.... ' 
;Cl'B:knext listen ildflress 
;Dl!tput to SPlB . 

;Il'lCraent ,lisieN?r 1st .pointer, " 
;loop untill ncn yalid listener 
;£nable ~~lA ending conditions 
iSoto standby 

;Send E01 Mith EOS ma1'icler 

;Wait for ltI to 9t false· 
;Wait fof' ~CI onSTSB 

;Put 8291A to talk only ~ 

; lMediate ~ecute POH 

Delete next 3 instNlt'tions to lfIake coum 0=256 

IIOV A,C ;Set count 
SElF 
JZ SEHD6 ;If count=O send I'lBl:lata 

.'. 

D3: UlAX D ;6et data byte 
. rur ·lXlUT ;Dutput to SPIB 
~p B ;Test ens .~. this.is .fastef' 

, :;ard lISe5 less 'cede than using 
;91' 5 Mtr- eor bi ts .. 

J1 SENDS . ; If characterc:EOS. go finish 
WAITD 
IHX D ; I~raent buffer poi mer- . 
OCR C ;DecrHe1'lt count 
.}HZ SEHD3 ; I f count (} O. qo send 
JI4P .. &:ND6 ;Else go finish 

ll5: INX D ;fof' consistent')' 
OCR C ;for consistency 
UAlTO 

;assUliptiDI'lS for the next subroutine areaet 

£6: MY! A, TCSY ;Take,comrol syncronDusly> 
OOT 00>92 



/WI A,AXRA ;Reset sene! EDI !n EDS 
OOT AUXMD 
UAITX 
WAITT 
RET' 

0 

• 
;1111111111[[[[[[1[[(11[((1111([1111111111[11([111111 ., 

. 0 PROCEDURE: m • 
; FlWCTlOt4 : RECEIVE ROUTINE' ; 
; lUI au : hone 

INPUT : it. talker pointer' , 
o 

• · , 
· • 

,., DE nata buffer !'!lintel" 
t count (sax. buffers].:e) 0 i~lies 256 

, 0 EOS character 
:. Fills buffer !'!linted at by DE' 
: hone 
: Hone 

; ':llt-sTROYS : A. Be, DE, HL, F 

· • 
; RETURNS': IF OH l'ICTtil te~ination-EOSdetected. 
o • · • · • 

· • 
RECYH 

. OUT 
INX 
WAITO 
MYI 
OUT 
UAITO 
IilYI 
OOT 
/WI 
OOT 
WAITO 
MYI 
OOT 
ClM 
OUT 
MYI 
OUT 
WAITI' 
WAITT 

IN 
MOV 
ANI 
JHZ 
JIlDV 
ANI 
JZ 
IN 
STAX 
INX 
DCR 
JHZ 
JllVI 

A=4Ot/ Erl"Or--cDunt overrun 
AC40H or A}5EH Error-- bad talk address 

DOOr 
It 

A,IH. 
DOUr 

;Get EOS character 
;Output it to 91 

;valid if 40lH=talk (= fBi . 
, ;Output .talker to (;PID 
;Irer. pointer f.er consistency 

;stop other list£fler5, ; 

;For COIIpleteness ,,, 

, A, AXRA+lf}END+€DEOS' 
AUXKIl ;EndMnen EOS or EOI, , Holdoff 

A, LON ;Listen only 
ADRJlID 

AUXMD 
A,STSB 
Dm92 

;IMet1iate XED PDN 

;Soto sta!"lC!by, 

;Wait for Tel=(} 
;Wait for TtI=l 

1NT1 ;Set 91 Int status(EHI> &lor OU, ' 
O,A ;Save it in B for 01 checlI later 
EHDl« ;Chedc for EOS or EO! 
REM, ;Yes eJ'ld-.- qo Mait 'for BI 
A, B ;140 retrieve status' ' 
DIM ;checII for BI 
RECVl ;rw, qo wait fllT' either aID or BI 
DIN ;Yes, BI-·qet data 
D ;Store it in buffer 
D ;-Incl'el'llfmtbuffer pointer 
C ' ;Decretaemcounter, 
RECYl ;If count (} Oqo bade , Mait 
B, 40ft ;Else set error indicator . , 

( 



JJilP 

· • 
REM: If}Y 

. REM: MI 
JHZ 
IN 
J}IlP 

· • 
REM: IN 

STAX 
IHX 
DCR 
filYI 

· , 
REM: filYI . 

ruT 
WAITI 
WAITT 

· • 
ilfYI 

. OOT 

INI 
ruT . 
t4YI 
ruT 
ClRA 
ruT. 
f«JY 

· • . RECV6: RET 

· • 

A,B 
111M 
REM 
IHTl 
REM 

DIH 
D 
D 
C 
B,O 

A,AXRA 
AUXPID 
A,~ 
'AI>RJIID 
A,FNHSK . 
AUXPID 

~XMD _. 
A,B 

. ;Arld~o take C'Ontrol 

;Retl"iEYe status .. 
;Check for BI 
;If BI then qo input data, ; 
;Else wait 'last BI 
;In loo/,. 

;Set lIata byte, 
. ;store it· in buffet 
;Il'lC'TftE'l'It data pointe\" .. -

,~. ,,;Decre6'lelltcourrt·but iqnore it 
;Set nONlial roa!lletion indicators 

;lIiIit for TeI=O. f7 tty} '­

;Waitfor TeI=l 

;Pattem.to clear. 91 em conditions' '.' 

;Tnis bit !'iIttem already- In,-A­
: 'Outnut TON . -

;Finisn I'landsl'take _,.", 

;IMediate execute JlOH-~ UtI- < 
;Set ~letion cllaracter . 

;11111111111111111(1111111111(111111111111111[1111111 -~ 
; PROCalURE: R9!E -. 
; FUNCTION : ROOTE BmEROUTltE·:c 
;. PU! au : hone 
; nOOT : Hone 
; ruTPUT : kone 
; Gl.DMLS : Hone 
; CAlLS : hone 
; DESTROYS : A, F 

· , 
REK:: flY1 

• • 

· • 

'M 
WAITI 
WAITT 

A,SREM 
DID92 .;92 asserts l'ftOte enable 

;Uait for TeI=O 
;Wait for Tel 

;IIIIEIIIIIIII([IIIII(EII[I((IIIIIIIIIIIIIIIIII(11111 

· • 
· , 



fAAGEWIDTft(SO} 
/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIKIIIIIIIII 

H H 
H tWIYERSA!.. 1ilEASUR9lEHT SYSTEK ' H 

H 'CDUTROllER WITH &PIB H 

H H 

H UTILITIES H 

H H 

H FILE HAME : UTO.10P.oo3 H 

H JIIJDUlE DEf~· : UTILITIES OF EDITOR .. ' H 

H DATE : JULy 09 1986 H 

H wrnoR : IUIAN NEDIPlIl.P H' 

H H 

1111111111111111111111111111111111111111111111111111/ 

DEClARE COOY!3} BYTE EXTERNAL; 

. . DECtARE I BYTE; 

DECtARE ASCTAB(f} BYTE DATA! 
0,0,0,0,0,0,0,0,1,0,0,0,0,2, 0, 0, 
S, 0, 0, 0, 0,0;0,0,0,0,0,3,0,0,0,0, 
4,5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 
6,6,6, 6,6, 6, 6, 6, 6, 6,5,5, 5, 5, 5, 5, 
5,5, 5, 5,5, 5, 5, 5, 5,5, 5,5,5,5,5,5, 
5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5, 
5,5,5, 5, 5, 5, 5,5, 5, 5, 5, 5, 5,5,5,5, 
5,5,5,5,S,5,5,5,5,5,S,5,5,5,5,7}; 

/IIEIIIIIIEIIEEIIIIIIIIIIEIIIIIIIIEIIIIIf+.f1111111111 

.. PROCEDURe :CHEO<SKEY 
* FlNCTIOH : CONTROLS AND Ql.W..IFIES THE PRESSED KEYS 
* PLK au : =OECK$l<c'l' (KEYM)} 

* 1MJUT' : KEYNO. 
.. ruTPUT' : AA\lSE YIl.UE IF PRESSED KEY 
.. GLOBALS : NONE 
* ailS : NOtE 
*1 

C/iECKSKEY: PRocaJURE(KEYM}} BYTE PUBLIC; 
DECUlRE KEYOO BYTE; 

KEYNO = KEYNO mm 7FH; 
REru~ ASCTAB(KEYNO}; 

1IIIIIIIIIIIIIIIIIIIEIEIIIIIIEIEIEIEIEIIIIIIIF.IIIIEfi 

.. PROCEDURE: BINASC 
* FOCTIOH·.: CONVERTS A BYTE £F BINARY N!.I14BER TO . 
* . THE BYTi ASCII CHAARCTER 
.. PUI au . : CAlI. BIHASC(~R} 
.. INPUT :MJl!BER = UILI. BE CONVERTED INTO 
* OUTPUT : ASCII FD~ WlL1£ IN a»Nm 
.. QJllW .. S : aJN 
.. CIU..S. :. tD£ . 



1:/ 

BImsc: PROCEDURE(Nl..M:R} PUBLIC; 
DEIl.ARE NlmBCR BYTE; 

DO 1=0 TO 2; 
CONVH>=O; 

EHD; 

I=O; . 
START: IF MmBEK }= mmmm THEN 

DO; 
CONV(I}~(I}~l; 

. tD!IIE'R=HU/I!BER-coNTAB (I} ; 
END; 

ELSE 
DO; 

I=I+1; 
IF 1 }= 3 THEN 

DO; 
DO I=O TO 2; 

CONV(I}=CQNV(I} OR 30M; 
BID~ 

END­, 
END-, 

00 TO START~ 

END BINASC; 

EHD UTED1T; 

, 



fPOOEWIDllH80} 
;111111111111111111111111111111111111[[IEE[IIIIIf*ff* 

lWIVERS~~R£~ SYST9I 
CONTROLLER WITH 6PIB 

"ABSa.UTE DATA DEFINITIOO 

K 

f* 

K 

K 

K 

K 

;f: FILE HAI£ : lmoo.SOl H 

;f: P50DIJLE DEF : EOOTBL K 

;f: DATE : ~T 07 1986 " K 

;f: AUTHOR : ILHAN NEDI" Il.P K 

;f: H 

;[1[11111111111111[111111111111111111111111111111111I 

· , 

· , 

· , 

· , 

· , 
· , 

PUBLIC USRTPD,llSRTMD 
PUBLIC USRTPC, USRTJIlC " 

PUBLIC PORTA,PORTB,PORTC,PORTDt 

PUBlIC PORT 

PUBLIC TIMERO,TIMER1,TlMER2,TIKERC 

;1111111111111111 USART ADDRESSES "1:11111111111" 

· , 
USRTPD 
USRTAD 
· , 
USRTPC 
USROC 

· , 

SID " OBOH 
SID M<lI1 

Ero 08111 
SID 0A1H 

;IUUIIUU8.'l55 PORT ADDRESSES "fHf:Hf:Hf:f:f:H " 

· • PORTA EOO 040H 
PORTB "SID 041H 
PORTC EOO 042H 
PORT£.)! enu 043rl 

· , 
;uulun 74 LS 373 PORT ADDRESS fHf:Hf:ff*f:H" 

· • 

· , 
;."11111111 8253"TIAER ADDRESSES ff*111111111 ... 

· , 
TlMERO aID OCOH 
WIER! Ero OC!" 
TII£R2 SID " 0C2H 
TIJl!ERC Eoo 0C3H 

· • 
BID 

\ 



~PAGEUIDTH(80} 

;Hl-UUUHflUUnUUIUnUIIIUUUIUnUUnU" c, 

;* H 

;* lH4IYE~ JEASU~ SYSTEM' H 

;* CONTROLLER UITH GPIB H 

;* H 

;* ' WRKSMCE RAA H 

.* , , H 

;* FILE NAME : ll'JICAAPI.S12 H 

;* JGJU!..E DI:'"F : RAM llEFINITI£JIS H 

;. 'DATE : JULy 31 1986 H 

;* IlITHOR : ILHAN NEDI" ALP H 

;* H 

;*HUUIIIIUUUU'UIUluunnnUUUUHIIUIII",' 
.. , 
.. , 
.. , 

.. , 

.. , 

· , 

· , 
· • 

.. , 

· , 

tf.lfE DATDEF, ' 

PUBLIC STKTOP, STKEHD; STKLEN: . 

PUBLIC SYSFIL 
PUBLIC PRTCT~,GPBCTR,SYSCTR 

PUBLIC PRTFIL 
PUBLIC STAFL,LINPTR,COlPTR 
PUBLIC DSRChT,FAILCT,CARFLG 
PUa.IC ' lPCNT, T"P2 

PUBLIC ,OBUFER 

PUIUC MOHFIL 
PUBlIC RSTATE 
PUBlIC DI634,D1612 
PUBLIC OOi.FLS 
PUBlIC NXTRES 
'PUBlIC LOWB!.F,HIGBl.F 
PUBLIC ADLaI,ADfiIGH 
PUBLIC lIlFFER 
PUBLIC CRFUIG, 

'PUBlIC AREG, BRES, DREG, HREG 
PUlLIC' STJ<PTR 
PUBLIC PGMCTR 
PUBLIC BRm<' 
PUBLIC ll.DSTK, £U>RET 
PUBLIC OPl,0P2,OP3 
PUBLIC-' DP4, OP5, OP6 
PUBLIC' ReCBUF, TAABUF '., 
PUBlIC 'TRKNO, SETNO 
PUBLIC ~S.~IT 

PUBLIC .EDFIL, EDSTA 
,'PUBLIC aLlJtIrH,LINENO 

PUIUC KEY,IDLCTR 
PUIUCREDSTA, HI 
PUBLIC FIRST,lAST 
PUBLIC ENDFLS, J~PFL6 

"PUBLIC ~R 



PUBLIC DISBtF 

. JlUIl.IC INNF 
PUlUC· OBUF,OBFOO 
PUBLIC UIST,TLIST 
PULUC YARA,YARB· . 

PUBlIC. REG· . 

DRS OFSOOH ; LD~te a~dress 

SYSTEM. FILE 
flL EOO $ ;1011 
tTR: DS 1 
eTR: DS 1 
ICl'R: DS 1 
SPH: DS 13 

PRINTER FILE 
Flt EOO $ ;1011 
fl.: DS .6 
W-TR: DS 1 
~TR: DS 1 
~T:DS 1 
[LeT: DS 1 
R6: DS 1 
:1fT:: DS 1 
'2: DS 1 
rs~:DS 3 

PRINTER OUTPUT BtFFER 
@: DS 480 ;IEOIi 

IIONITOR FILE 
F;IL: DS 48 ;3OIi . 
~TE EOO KlfiFIL+l 
;34. EOO MONFIL+2 
:12 too . JIIONFIL+3 . 
RS too M£N=II.+4 
rRES EOO MOHFIL+5 . 
COOF Eoo I«lNFIl+6 
::stF EOO tOlFIl+7 
lJI too I«l!i=Il~ 

'iISi EOO K}NFIL+9 
FFER Eoo Moui=IL +1 (I 
FlJlG EOO JIIOHFIl +11 
:s EQI.I MONFIL+12 
ES Eoo JIIOHFIl +14 
CS EOO JI!ONFIl +16 
ES Eoo KJHFIl+IB 
KPTR EOO MONFIL+20 
rcTR' EOO IIDNFIL+22 
EA'< Eoo ~II.+24 

!1ST!< EQU DFIL+26 
DR:-r EOO MONFIl.+2B 
1 £00 )!()HFIL+30 
2 EOO JIOVIL+31 
:! EOO ~IL+32 
4 EOO KlNFIL+33 
5 £00 MONFIL+34 



b i:W rtUffi"lLi"ohI 

tBlF aHJ ~IL+36 

!1aF EOO MONFIL+'S1 
00 aHJ J!OHFIL+38 
00 EW . HONFIL+39 
IIIFLS aHJ MONFIL+40 
IEllT EOO MlWFll+41 

EDITOR FILE 
fIt.. EOO $ 
~TA: . 00 1 . 
U~:OO 1 
:1eMJ: DS 1 
:Y: 00 1 
~"£TR: 00. 1 
:DSTA: 00 1 
:: 00 1 
:RST: 00 1 
1ST: DB 
IDfLG: 00 1 
IlRG: 00 1 
lSMRE:OO 5 

URITE$BlFFER 
lItR: 00 32 

£nNERTER FILE 
N''': 00 6 

~ISPl..AYBtFF£R 

:SBa=: 00 33 
jNPUT· BlFFER 

3LF: 00 32 
REGISTERS 

:G: 00 192 
OUTPUT BUFFER 

II.IF: DS 28 
lFCHT: 00 . 1 

YARIAa..ES 
lIlA: DS 2 
Wl: DB 2 

TALKER/LISTENER UST 
JST: DS 2 
"1ST: 00 2 

STACK 
IKl.EN ·EOO 128 ;8Ot1 

J 
~fllllllllllllllllllll"""''''''''''''''· 

r~al 2048 . ;SOOH 
1(11111111.1.1111111111111111111111 .. 11111111 ... · 

OFHFH 
OFFFFH 



OOEWIDTH(80} 
1111111[11111111111111111111[1111111111111111111111 

H 

LWIYERSJ\. tEASURa'BIT SYSTEM' H 

aM'ROI...LER WITH WID H 

H 

DATA DUIHITIOHS H 

H 

FILE NAME : ur£lMLOOl H 

RIDUlE DEF. : EEPROM DATA DEFl"ITI~ H 

DATE : JI.WE 11 1986 H 

OOTHOR : I~ t,'EDl" Il.P H 

H 

1(11111[[I[IIIIIIE[I[IIII[i[III(II[I[IIIIIII~" 

PlJll!..IC Ll HE. 

DRS 8OO()H 

HdNE .EOO 60 
I..It£SIZ 'EOO .' 32' . 

NLlNEltlNESIZ: 

\ 



5PASa1IDTfH80} 
tUlIlIUUIUUUIUIIIIUnUIUHllUUIUnUUH, , , , ;t- H 

;t- tWI~ JIlEASIJR9I£NT SYSTEM, H 

~t- CONTROllER WITH SPIll H 
I 

;1-
;" MONITOR 
;1-
;1- FILE I'ilME : CPUTlL S05 
;1- ~ DEF~ : JOIITOR TABLE FOR 'CPU 
;" DATE : JULY 31 1986 
;" OOTIIlR.' : IUfAH NEDI,. Il.P , 

H 

H 

H 

H 

H 

H 

H 

;1- H 

;luunnUnUIIIElUUUlllUlulHuulnnunu " 

tWE CPUTBl..·: 

aTRH SYSFIl, PRTFIl 
EXTRH JID4FIL 

PUIUC WRlOPS, WRISOP,REOOPS 
PUBLIC WRITRK,WRISET,REATRK 

PUBUC SGLREC,Il. TREC, BUFREC " . 
PUBl..'IC se.:rm., Ml TTBl.., BlFl1ll 

111111111111111111111111111111111111111111111' 

RlDPS: DB 0 
EAOPS: DB 0 
R1SOP: DB 0 

RITRK: t«lP 
RISET: NOP. 
:ATRK: tfJP 

SlREC: DB 
DB 

i.TREe: DB 
FREC: DB 
3LTBL: DW 

DW 
J1R.: KlP 
FTBl..: HOP 

't 'S' 16 'R' 16 .., , , , 
'JII' ,48 
o 
o 
tIDNFIL 
PRTFI1.,SYSFIL 

!H-HHHHHHHHfIIEIIIII(((lIIIIIIIHHHH 



,Hrt.IST 
,;1111111111(11111111111111111111111111111(111(1111111 

;. 
;. 

GPIB CONTROU.ER ROOTlNES 

;. FILE HAME : SPIB.AS/I! 
H 

H 

H 

H 

H 

flo 

';. ADDU!.E DEF. : lr£l.UDE FILE 
';. DATE : APRIL 13 198P 
;. AUTHOR : I~ NEDII'! Ji.P 

;1111111111111111111111111111111111111111111111111111 ., 

· , 
· , 

· , 

PRT91 EOO 

Register f() Data In ! Out 

DIN 
DOOr 

EOO . 
EOO 

PRT91 f() ;8291A Data in req. 
PRT9l f() ;lL.'I91AData -out .req. 

Register:;l Imerru¢ 1 Constants : 

INTI 
IHllU 
110M 
DIK 
ENDHK 
CPT 

too 
EOO 
too . 
EOO 
EOO 
EOO 

PRT91+1 ;INT Reg. 1 
·PRT91+1 ;IUT Mask Reg. 1 
02 ;lL.'I91A SO IUTRP Mask 
01;lL.'l91A DI INTRP MaSIl 

100 ;8291A END IHTRP Mask 
SOH ;lL.'I91A COIil'/laOO Pass thru im bit 

Register :;2 Imerru¢ 2 

IHT2 too PRT9H2 

ADRJIID too PRT91 +4 ;lL.'l91A Address ItOde reqistet j 

1lW ·EOO SOH ;8291A Talk only ~de ,\ not listen only 
LON EOO· 40H ;B291A Listen only! not ton 
TLoo EOO OCOH;8291A Talk ,\ Listen only 
l'IDDfl . EOO 01 ;lfode 1 addJ'eSsinq fOT' device 

Register;t4 (Read) Address Status Register· . 

ADRST . EOO 
EGIST EOO 
TA EOO 
LA EOO 

PRT91 +4 ;Register IJ4 
20H 
2 
1 ;listener active 

Register:iS (Urite) Auxillary ~de Register 

AUX~ too PRT91f5 ;lL.'I91A AuxilIary JIIode Register 
.. D..KRT EOO 23H ;lL.'l91A 3 Mhz clock input 

R-.mK EOO 03 ;B291A finish nal'ldshake ~ 
, . SDEDI EOO 06 ;lL.'I91A Send EOI with next byte 

AXRA EOO 80fI ;lL.'I91A auxiliary register A pattern 



Ero 
EOO 
EOO 
EOO . 

EOO 
EOO 
EOO 
EOO 
EOO 

CPTRS mI 

ADROl 
DTDl1 
DTJlL2 

EOO 
EOO 
EOO 

1 
2 
3 
4 
8 
(}FH 

om 
OAOH 
01H 

PRT91 +5 

PRT91+6 
60Ii 
OEOH 

;8291A hold off hal'ldshake on all bytes 
;8291A hold eff hal'ldshake 1m em! 
;8...'l91A ~ntinuos I¥i cydinq 
;8...'l91A end en EDS received , 
;8...'l91A output EOl on EOS sent 
;8291A valid colllltal'ld pass through 
;8...'l91A il'lValid CflMand pass through 
;8...'l9IA auxiliary registet B pattern 
;8...'l91A COMal'ldpass through l?I'iable' 

;Disable AaJOt talker' listenet 
;Disable ~inot talket , listl?l'let 

Reqistet :;7 EDS Charadet Reqister 

fDSR EOO PRT91+7 

PRT92 EOO 200 ;8...'l92 Base port t 

INTJIlR EOO PRT92+O ;8292 INTRP Mask registet 
Itfflf EOO MOH ;TCI 

ERfDf EOO PRT92+O ;8292 errol" /taSk register· 
TOOT! EOO 01 ;8...'l92 tieeout for Pass Control 
TOOT2 EOO 02. ;8292 tilaef)ut fot Stal'ldby 
TOOT EOO (14 . ;8292 ti*out fot Take Control Sync-. 
BIRES EOO PRT92+O ;8292 event collmer pseudo register 
TORES EOO PRT92+O ;8...'l92 tiAeOut pseudo register 

DlD92 EOO PRT92H ;8292 COMan!! register 

Ik'TST EOO PRT92fl ;8292 interrupt status registet 
MIT EOO 100 ;Evem counter bit 
IBFBT EOO 02-i ;lnput buffer full bit 
SRQBT EOO 20M ;Seq bit 

ERFLS EOO PRT92+O :;8292 error fl~ pseudo register· 
ClRST Ero PRT92+O ;8...'l92 controller status pseudo register 
BOSST EOO PRT92+O ;8292 (;PIS (Bus) status pseudo register 
EVCST EOO PRT92+O ;8...'l92 fVI?I'it counter status pseudo register 
TDST EOO PRT92+O ;8292 ti.eout status pseudo register 

S~I EOO OFOH ;Stop coUl'l'ter interrupts 
SlDl Ero OFIH ;So to idle 
RSET EOO 0F2H ;Reset 
RSTI EOO (lP.,H ;Reset interrupts 



GSa:: EOO 0F4H ;60 to stimdby,· enable couming 
allP £00 0FS1 ;Execute parallel poll 
GTSB EOO. OF6H ;60 to standby 
SLOC £00 OF7H ;Set local.ode 
SREM . EOO OfSH ;Set interfate tD J'eflote 
IlBORT EOO OF9H ;Aoort all operation, dear interface 
TCHTR EOO OFlV-f ;Take control (Receive control) 
ltASY .Eoo OFCH ;Take control asyncronously 
ESY too OFDH ;Take control syncr~ously 
STCNI EOO om; ;start counter interr-upts 

8..~ UTILITY ~ 

IOlT £00 . OElli ;Write to ti.eDut register . '. 
~ EOO 0E2H ;Urite to event coumer 
REYC Eoo 0E3H ;Read event coumer status 
RERF EOO 0E4H ;Read.error flaq register 
RINIl EOO. 0E:if ;Read imerr-upt _ask register 
RCST EOO 0E6H ;Read controller status register 
RBST EOO . OE.7H ;Read SPIB Bus status register 
RIM EW 0E9H ;Read tileOut status register· 
HElm £00 0f00 ;Read error .ask register 
JACK BlU OOH ;Interrupt acknoMledqe 

PORT F BIT ASSJGNMENTS 

PRTF too 60H ;PDrt address of 74LS373 
ltIF £00 01k ;TaSk ~plete interr-upt 
SPIF EOO ()4H ;Special interrupt 
£mr""F . EOO 00It ;8..'192 output fto CPU) buffer full 
IBFF EOO 100 ;8..'192 in!)Ut (fro. COO} buffer full 
ro= £00 01" ;8..'I91A interrupt line (00 in this case} 

11M EOO 1 ;"y device address .is 1 
I 
I 

MfA Eoo J!OO+400 ;Ji!y talk adoress is 1 (JlA"} 
Il.R £00 MDA+2OH ;PIy listen address is 1 (.!.} 

lW!.. .Eoo 3Rt ;lIniversal unlisten . 
00 EOO s=H ;lIniversal untallc 
SET EOO 00 ;Sroup execute triqqer 
SOC EOO ()4H ;Device dear. 
SPE EOO 18,11 ;Serial poll enable 
SPl) EOO 19H ;Serial poll disable 

'PPC EOO 05 ;ParaUel poll confi9ure 
PPl}' EOO 700 ;Parallel poll disable. 
PPE EW .6Oi1 ;Parallel poll enable 
PPU EOO 1S! ;Parallel poll unconfigured 
ltT EOO 09 ;Take control (pass control) 

!·UlluuunUIUUIIUUUluunUUUUEEHUUUUIUHI-H .. 



·H+HHII[[llllllInnIIIIU[IIHHH+lUIUlIlIUUI[I[IHHH· -', 
I 

· I 

aF MCRO ;Sets flags on A register 
ORA A 
EHDM 

· I 

.RIrD . JIIACRO . ;Wait for 8191A byte to·be done 
LOCSl. WAHl. 
lOCAL UAITS 

lUlL: CALl. flWIH. ;Check external interru¢. , 
JZ WAITS ;no interrupt then qoon 
RST 0 ;JUflP RST 0 address to initializtion 

ilAITS: IN INTI ;Set INTI status 
1-141 110M ;Check for byte out 
JZ WA· ... · .11£. ;If not, try .aqain 
ENDM ;lJntil it is 

· • 
II}ITX PrACRD ;Wait for 8292'5 itI to qc false 

lOCAL WAITl 
lOCAL WAITF 

IRITt: m1 mlIH ;cl'lecl! external interrupt 
JZ WAITF ;no interrupt then qcors 
RST () ;JUflP RST () address.to initialization 

IlAITF: IN PRfl= 
1-141 n::IF 
JHZ WAHl. 
ENDM 

· , 
WAITT MOCRO 

UJCA!.. WAIT!.. 
LOCAL WAITE 

~ITl: au IDIIH ;~extemal interrupt 
JZ WAITE ;rw. interrupt the'} qccrs 
RST () ;JUflP RST 0 address to initialization 

WAITE: IN PRTF ;Set taSi: t'OA\plete 1nt, etc. 
ANI TCIF ;ftask it 
JZ WA1T1. jWait for task· to be t'OA\plete 
ENDM 

AANSE IfACRO LOIIER, UPPER, LABEL 
;Checils for value in range 
;branches to label if not 
;in T'al'lQe. Falls thrnll9h if . 
; 1 ON£'r (= ( (H}(l) ) (= upper. 
;Get Yie)lt byte. 

KJV A,M 
CPI LOWER 
JM uma. 
CPI UPPERH 
JJl !.ABa 
ENDM 

ClAA MACRO 
XRA A ;A=O 
~ 
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