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UNIVERSAL MEASUREMENT SYSTEM CONTROLLER

This thesis desoribes the design and implementation of a
measurement inétrumentation 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. : prever the oontréllers mentionedvabove are very
expenéive devices. If you need_;hé‘éf more small test sets with
remote control, using them is not feasible sconomically. S0
dediCated small qontrollers are necessary. The aim of this wérk
is to satisfy this requirement.

~ The UMSC is designed as a microprocessor-based system.
It utilizes the GPIB talker, listénef and contfoller.functibns.
It is a programmaﬁle device, vto realize special test algorithms.
It provides' a line editor to edit-user programs, and a compiler
to‘check' the syhtax of the user programs ahd to interpret them.-

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

user programs.



GENEL AMACLI OLCME DUZENEK YONETGEGI

Bu tez calismasi IEEE.488 standart veri yolu kullanan bir

Olcme aletleri dizgesi yonetgeginin tasarimini ve gergeklenmesini

tanimlar. - (IEEE 488, GPIB "General Purpose Interface Bus"
olarakta adlandirlir. Tezin igeriginde IEEE 488 yerine GPIB
kullanilacaktir).. |

_GPIB, dleme életlerinde yaygln.olarak vkullanllan bir
saylsal iletisim standandartidlp. Taninmis bircok firmé 61¢me
aletlerini GPIB dzelligi _ile‘ uretmektedir.  Bu aletler,
kapmaﬁlk test dﬂzeneklerini geréeklemek igin, GPIB \Uzerinden
birbirlerine 'baélanabilirler. ‘ Bubnoktadan bakildiginda ©Ole¢me
alétlerinin birbirleriyle iletisimini yonetecek bir ybnetgé¢e ‘
gereksinim _duyulur;. Oysaki yukarida sb6z( gegen yonetgegler ¢ok
paﬁéll‘aletlerdir. Eger bir veya birden fazla kiclk test
duzeneklerine gereksinim varsa, adi gegen ydnetdegler parasal
écldan uygun olmazlar. Bu neden ilé ozel olarak yap11m1$‘kﬁcﬂk
yéneﬁgteer gereklidir.  Bu galismanin amégi boyle bir isteg@e
jﬁnit vermektir.

UMSC  mikro iélémcili bir dizéé blark tasarlanmistir.
GPIB konusmaci‘ (talker), dinleyici (listener) ve yoOnetgec
(controller) 'i$lemlérini gercekler. _6zel test  algoritmalarini
ger¢ekle$tifebilmek icin programlanabilen . bir aletdir.
Kullanicl prﬁgramlafiﬁl yazabilmek icih_bir program ya210151"vé'
bu programlarin y32111m1h1 derleyen, makine diline céviren bir

derleyiciyi saélar. Ayni zamanda bu galisma igin gelistirilen



bir ?rogramlama_dilinide saglar.

vi
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I. INTRODUCTION

In the design phase of such devices, the first question
that would confront the designer should be "What kind of people
will use this device SR, If.a Specialist will use it, the
device can be designed with reiativeiy “leSS‘ emphasis upon
man-machine intefface. But if an averagé person will use 1it,
thé_design should be more informative than ﬁhe‘first one, | The
answer td this gquestion shaﬁes the main ‘structure of the system.
vAlthough  generally these kinds of devices. are uséd by
speciaiists, the more informative system is desired from the
point‘df usef’friéndliness.

This kind of system have to provide

a CRT. monitor to follbw comments résults and
program parts easiiy

an understandable language fdr interfacing‘ system
‘and Qser.
ah_editof to write user programs
a syntaX'cbécker for the written user programs
én‘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 preferably chosen for storing user programs.



The UMSC was designed with above pfoperties. - It also
offeré thev GPIB controller, talker, and'listener functions as
its main aim. ‘

UMSC works with the stored programvlogic. It consists
of.two’partsz System Software and System Hardware. System
block diagram is given in Fig.1.1

| The midroprocessor is the main control element in-:the
system. | It exeéutes all required 1ogical funotibns, and

controls I/0 devices.

§

The UMSC contains 7 I/0 units. Two of them are serial
ports, the other two are parallel ports.k There is- a timer.
The last +two ports are GPIB unit ports. One of the serial I/0

devices is used for éommunicaﬁion with- an interactive CRT
terminal and the other one is used for communication with a
printer. These two serial I/O‘devices use the RSZ32C Standard
Serial Communication Inferface circuit. Parallel I/0 circuit
could be. used for cdmmunicatibn with any other microcomputer in
future, . if necessary,b or it could be used to controlla rélay
circuit or any other test sets The last twoAI/O ports are used to
oomﬁunicate with the microprocessor and GPIB intreface circuit.

The memory circuit conéists_of three different types of
memory ghips: - EPROM circuit for system S/W, EEPROM for wuser
S5/W, and RAM circuit for data and stack area.

.Tbe'.ﬁMSC VS)W conéists 6f two main modules. Those are

are background and foreground modules.
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In ‘ohapter 2, the concept of GPIB is described. The
communication methods in GPIB, description of . controller,
_taiker and listener functions as well as  electrical and

mechanical aspects are defined bfiefiy.

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 giVén
in full detail. Tt also describes the memory and I/0 port
organiéation, based upon the sofﬁﬁare structure of.system‘

In chapter 5, software structure of UMSC is explained.
The S/W stfﬁbture has a state driven architecture.4 Some

impoftant routines are descfibed and illustrated by flow

-diagrams.‘ This Qhapter‘is_supported by source 1listings - (see
appendix).

| Chapter 6 is written as_avuser manual for UMSC. - It
‘explains - the. éditor,  liét, compiler and monitor modes with
ermples. It also_describes UMSC language. It finishes with

the describtion of error messages.



- II. WHAT IS THE IEEE 488 (GPIB) ?

A. INTRODUCTION

" The experience of designing‘systems for a variety of
applibatibns in the early 1970’3 caused Hewlett—Packard to define
a sténdard intercommunication meohaﬁism which wouid allbw them to
easily aésémble instrumentation‘ éystems of varying“ degrees of
complexity. Fbr a particular - application each instrumenﬁ
désigner designed his/her own interface frdm_scratch. But none
was consistent 1in terms of.electricél levels, * pin-outs on a
connecter, _and' types of connectors. Every time‘they built a
isystem they had to createnew cables ahd new documentation just to
épecify.tbe cabling and interconnection_prodedures. |

"Based on  this experience, Hewlett-Packard began to
define a  new interconnecfion scheme. In 1972, Hewlett-Packard
camerout with the first version of the bus which since has been
modified and standérdized ’b& a ébmmittee §f several
manufacturers, cdordinated through the IEEE, +o perfect what is
now known as the IEEE 488 Interfaoe'Bus‘(also known as the HP-IB,
the GPIB énd the IEC bué). While this bus.specification may not
- be perfeot; _ it is a good comprpmise of the‘various.desifes and
goals of instrumentation ana computer peripheral manufacturers to
produge\a‘ §ommun_ interconnéction mechanism. It fits_ most
inétruﬁentation isystems in use today and also fits very well the
'micrdcomﬁuter I/0 bus requirements. . The basic design objectives

for the GPIB.were to:



':I.Specify éyﬁystém that ié easy.to‘use, but has all of
thé‘termihoiogy and the definitiohs, related to that system'
pfeéiesly‘ spelled out so that everyone uses the same language
when diécuséing the GPIB. |

| | 2.Define . all of: mechanical,'énd eiectrical‘ interface

requireménts of a system, yet not.definé any of  the aspects
(they are left up to_tbe instfument’designer).

3.Permit a wide range of capabilities of instruments and
cbmpgter peripherals to uée a system simultaneoﬁsly and not_
degfadé each-other’s performance.

4.A110Q ' different‘. ﬁanufaoturers’i eqﬁipment to be
cqnhected tbgether ongthe same buéf

5.Défine. a system thaﬁ is good for limited distance
interconnectibn33 |

S,Define a system with _minimum festrictions on . the
performaﬁoe,of_the devices. |

7.Define a bus that allows asynchronous bbmmﬁnication
with a wide range for the data rates.

8.Define a 1low cost system that does not require
extensive and elaborate interface logic for ﬁhe low cost
inétrumenﬁs, ,yét providés'higherbcapabiliﬁy for the higher cost
instruments if desired. |

9.Ailow systems to eXist that do not“need a central
éontroller;..that is;' communication directly from one instfumént
to another is possible. |

Although the GPIB was ’ 6riginally designed for




instruméntétioh‘ systems, it becéﬁe obvious that most of these
éystems would be controlled by a calculator or computer. . With.
this in mind several modifioations‘ were made to the original
proposal before its final adoption as an inﬁernationél standard.
The major chargcteristicé of the GPIB are listed below:
Data Rate:
lebytes/é. max,
250k bytes/s. typ.
Multiple Devices:
| 15 devices, max. (electricai limit)
8 devices, typ. (interrﬁpt flexibility)
Bus Length: | |
20 m, max. -
2 m; typ.
Byte-Oriented:.
8-bit commands
8-bit data
Block Multiplexed:
| Optimum strategy on GPIB due to setup
ovefhead‘for_ﬁommands |
Interrupt Driven:
Serial poll(slower devices)
Parallel poll(faster devices)
Direet Memory Accéss: |
One DMA‘facility at controller serves

all devices on bus



Asynchronous:
-One - talker
,Multiple listeners
I/0 to I/0 Tfaﬁsfers:
Talker and liSteners need not to include
a microcomputer/confroller
The bus oan'be.best'hnderstogd by examining each of these

characteristics.

1. DATA RATE
,Certainly, ‘ the‘ 250k bytes/s data'rate can be easily
" achived by the,IEEE 488 bus is’sufficient for microéomputers and
theif‘peripherals, and is more than needed for typical analog
instruments that take only‘avfew readings per second. The
. lM—byté/s‘ maximum data rate is not éasi1y achievéd on the GPIB

and regquires special attention.

2. MULTIPLE DEVICES _

With the GPIB, up to 8 deViées‘can be handled easily by
a.cohtrollef; with some'slowdownvinVinterrupt handling, up to
15 dev?Fes_ can work together. Thé»limitiof 8 is imposed by the
numbef pf'unique pafallel'éoll‘reéponses available; the limit of
15 is set _By the electrical drivé éharabteristicé of‘ the bus.
Logicaliy, - the  IEEE 488 Standard is capable éf accommodating
more devicé addresées _(31 primary, -each potentially with ’31'

secondaries).



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 rath thét may be used to
transfer ASCII or binary data as well as the necessary stétusvand

control bytes.

5. BLOCK.MULTIPLEXED ;
The GPIB ]is;,‘byinaturé a block multiplexed bus dhe to
the overhead involved in addressing vafious devices to talk and
listen. This overhead is less bothersome if it only occurs once

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

6. INTERRUPT DRIVEN

The GPIB has two iﬁterrupﬁ protocols. The first is a
single service request line that may be asserted by all
interrrupting devices. 'The“controller then polls all devices to
find out which wants servioé. The polling mechanism is well
defined and can be easily automated. _.For higher -perfofmance,
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 prbvides fast recognition of an
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interrupting device, A drawback is the frequent need for the

odntrbller to‘explictly conduct a parallel poll, since there 1is
no equivalent of the service request line for this mode.
7. DIRECT MEMORY ACCESS (DMA)
In many applications; no immediate processing of I/0
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 asynbhronousibus ié desirable so that each deviée can
transferk at its own rate. ‘TbebGPIB is asynchronous and uées‘ a
speciai 3—wiré handshake ,thaﬁ“allows data transfers from one

talker to many listeners.

9. 1I/0 TO I/0 TRANSFERS

In pfactice,] I/0 to I/O transfers are seldom done due to’

the need for processing data and changing formats or due to

mismatchéd data rates. However, thé GPIB can support this mode
of operation where the microcomputer is neither the talker nor

one. of the.listenersﬁ
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B. GPIB SIGNAL LINES

DEVICE A (‘
ABLE TO v
TALK LISTEN. )
ANC
CONTROL q

-y DAT: BUS
Vv

{e.g catzulator)

DEVICEB
ABLE TO

TALK AND
LISTEN

VAN

(e.g ohpital
mutbmeler)

DATA BYTE
. TRANSFER
(/—-\,\ ) CONTROL

DEVICE C (

ONY ABLE
TO UISTEN.

(eg signal
generator)

GENERAL
INTERFACE
< N MANAGEMENT

DEVICE D M

ONLY ABLE
TC TALK

. e.g counter)

} DIST...8 Datz Input-Output

DAV Dats Availeble
—— NRFD- Not Ready for Data
~— NDAC Not Date Acceptec

IFC Interface Clear

ATN Afttention
. SRO Service Reques:
— REN Remole Enabie
#— EOI End or identity

Fig.2.1 GPIB Lines and Device Configuration

1. DATA BUS
The data bus is an 8-bit bidirectional bus. The lines DIO1

throUgh_DIOB are used to transfer addresses, conﬁrol information
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and data. The Aformats -for addyessés and control bytes are
defined by the IEEE'488 Standard. Data formats are undefined
and méy be ASCII (with of withbut parity) or binary. DIO1l is
the least significant‘bit (note thét.tbis wiil_oorrespbpd to bit
0 on most computers).. | | , v | ‘

| The informatibn tfansfer?ed on tbe BUS in BIT PARALLEL
BYTE SERIAL :fbrm." The transfer of the 3 byte sequence "BOS"

is illustrated in Fig.2.2

BYTE SERIAL

BIT PARALLEL

ASCINISO B - U '8

Decimal 66 85 83 -
Octal 102 125 123

1
i

i

- -wHuxadecimal 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

1

orderly flow of information across the interface
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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—assertingi ATN; +this is normally done synchronously with the
handshake to avoid oonfusibn'bétween éontrol and data bytes.

Wheﬁ true vATN (asserted) rlaces the interface 1in the
COMMANﬁ MODE where all devices accept data on the interfape and
interpret it as COMMANDS 'of ADDRESSES. . When false ATN
(de-asserted) places the intérface in the DATA MODE where the
active talkér”sources device dependent DATA to all active
listeners.

| COMMAND‘-MODE (ATN +true): The commandsb'Serve several
different purposeé: | |

1.Talk or listen'addreéseélselect the instruments that
wili source and accept data. They are all multiline messages
(i.e., messages sent over the data bus). Addresses ére sent to
all devices.

2.Uni§ersa1 commands cause every‘instrument so equipped
to perform a specific interface dperation.' ' They include five
multiline commands and four uniline commands.

3.Addressed commands are similar to universal commands,
except that they affectionly those devices that are addressed and
are all mﬁltiiine commands. An instrument responds to an

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

4. Secondary -oommands are multiline messagesn‘that are
always used  in conjuction with an éddress, ‘universal =command,
or addteSsed command{’ (alsobreferred to as primary'oommands) to
provide additional command codes. _Thus theyiextend the code
space when necessary.

TALK'ﬂaﬁd LISTEN-”ADDRESSES:> Every GPIB device has at

least one device address. The& 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 Addreéé can - specify two'correnspondihg address éodes' bn
the‘Daté LiheS»(altbough it may only actually respond to one)

1. Talk Address |

2. Listen Addréss

The sixth and seventh buts (DIO6-DIO7) are used to
distinguish between a de?icefs talk and listen addres characters.
Two address _dodes .are uséd to tell every device to rUNTALK or
UNLISTEN. |

UNIVERSAL COMMANDS: Universal commands are consist of
two typés, 'those are Multiiine commands‘and Uniline commands.

MULTILINE COMMANDGS: Device Clear Command (DCL): The
universalv device clear command causes éll recognizing devices to
return to a pre-defined device-dependent state. Recognizing
devices respond whether they are addressed or in remote only.
Device ménuais define the reset state for each device recoghizes

the command.v
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Local Lockout Command (LLO): The locai lockout command -
disables a particulafdffont—panel or reaf—panel local-reset or
'rétnrn—to—local. (puéh button) . on devices that recognize. thé
command . Recognizing devices accept tne‘gommand whetherl they
are addresged or in femote only.‘f REN must be set false to
re-enable the push Button, this also replaces all devices under
| local control. , _ |
'.Serial Poll-EnableyCommand.(SPE): -The serial poll enable
" command establisbes SEriai poll mode fof all.rESponddng talker
devicés on the bus. When they are addressed to ﬂalk,each
responding device will return a sinéle eight~bit byte of status
from each devioé.;_ Devices which_recognize thié command -must
nave Talker inferfaoe napabilities to allow the deviece to output
vﬂhe‘étatus—byte;  »

Serial Poil Disable Command (SPD): The serial poll
disablé&command terminates serial poll node for all responding
deviceé to ﬁheir nnrmal state wnére they output denice—dépendent
data rather than stabus information. ‘

Pafallel ‘P011‘ Unconfiéure COmmand (PPU); Thev.parallel
poll unconfigure command resets all parallel poll devices to the
idle sfate (unable to respond to a parallel poll). |
| Untalk Command (UNT): Theduntalk command unaddresses the
current talker._ Sending an unused talk address would accomplish .,
the same thing. This command is pfovided for'convenience sinece
addressing'oné talker automaticaily unaddress others.

Unlisten Command (UNL): " The unlisten command unaddresses
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a11 current- listeners on the bus. Single listeners cannot be
unaddressed without unaddressibg‘all listeners. It is necessary
that this command be .usédf.tov guarantee that only desired
‘listeners are<addreSSed.
UNILINE COMMANDS:
Interface Clear (IFC)
‘Remote Enable (REN)
Atfention (ATN)
Identify (IDY) : EOI+ATN
ADDRESSED COMMANDS: - |
Group Exepute Trigger Command (GET): The group exécute
trigger'command éauses all devices which havé the.GET capability
aﬁd‘afe'ourrently addressed to listen to initiate a preprogrammed
'action.(e.g., trigger, :take a sweep, eﬁc.).' Some devices may
also recognize é device—dependent»dafa\character or étring for
thisvfuhction {equivalent but reguires entry into DATA MODE).
The“GET command | pro#ides a means | of triggering devices
Simultanéously.
Selecﬁed 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,
eto. ). 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 device ocurrently addressed to listen to return to

‘lJocal panel control (exit the REMOTE.state). The device will
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return to remote when it is addreséed ﬁo listén again.

Parallel Poll Configure Command (PPC): The parallel poll
configure éommand causes thé’addrégsgd 1isteher to be configured
A aocording:to the parallel poil enable command which will follow.

 SECONDARY COMMANDS: o

Pafallel Poll Enable Command (PPE): The parallel poll

enable secondary command oonfigures the devices which have

received the PPC command Lo respond to a parallel poll Qn a
partidﬁlar GPIB DIOvline With a‘partiéular level. Some devices
may implement a local form of this message (e.g.v jumpers).

_Parallel. Poll Disable Command (PPD): The parallel poll
disable'cbmmand disables the devices :which have received the PPC
command from responding to the parallel poll. |

DATA MODE (ATN false) In this mode device depsndent data
(e.g. programming"data; méasurement data, or status data) is
:sent from the active talker to the active listeners on the

interface.

b. END OR IDENTIFY (EOI)

‘Thié: signal:has two uses as its name implies. A talker
may assert EOI simulﬁaneously_ with-the'last\B&te of data to
indicate end of data.  The controller may assert EOI along with
ATN fo 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 1ine is 1ike én interrupt: it may be &Ssertea— by
any devibe to request the Controller to take some action. The
Controller must determige 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 ali ‘dévicevinterfaces to a known state.
After deasserting' IFC, the Systém Cohtroller is the active

controller of the system.

e. REMOTE‘ENABLE (REN)
This signal is asserted only by the System Controller.
ItsAaésertion does not place devices into Remote Cdﬁtrol modeiREN
only enables a qevice to go reﬁote'When addfesséd ﬁo listen.

When in Remote, abdevice should ignore its front panel controls.

3. DATA BYTE TRANSFER CONTROL BUS
‘ 3 1lines used to coordinate the transfer of data over the
data bus from a sburce (an addressed ta;ker or a controller) to
én acceptor (an addressed listeﬁer or ‘all devibes receiving
interface Qommandé) to ensures data transfer integrity. This
technique. has the'following characteristics:

Data transfer is asynchronous and the transfer



rate.automatically ad justs to"tﬁe speed of the sender and
receiver(s) and runs at the rate bf the slowest addfessed device.
More than one device can accept data at the same
time.
Every byte transferred undergoes " the handshake
(except for parallel poll response). |
- 'Wheﬁ universal commands are sent over the bus,
the slowést device on the bus will determine the transfer"rate
during the transfer of that command. ; o
_ | The actual transfer rate.ofrthe data \ié also
affected by the time it tekes the instrument to také thé reading
and the’timé- necessary for - the contfoller to input the
information. | | :
GPIB signéllflines use a low-true logic convention to
implement the wired or convention of the NRFD and NDAC lines,
providé active true-state éssertioﬁ, and reduce susceptibility

in the tfue étate.

a. NOT READY FOR DATA (NRFD)
This hgndéhake line is assertéd 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)

.Thié handshake line is asserted by é 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 byté has been placed on the DIO lines and
has had the minimum‘specified settling time. |

The handshake ﬁiming'sequence’is illustrated in Fig.2.3

Fig.3.3 Data Byte Transfer

Preliminary: Sourced checks for listeners and places data byte

on data lines.

t, : - All acceptors become ready for byte. NRFD goes

high With slowest one
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t, . Sdurcé,validates dafa (DAV low)

ty First accéptor sets NRFD low to indicate it is no
longer'ready;for a new byte.' |

t, : . NDAC goes high with slowest acceptor to indicaﬁe
all have accepted the daﬁa.

t, : ﬁAV‘ goes high to indicate this data byte is no
lbnger valid. |

t, : ~First acceptor sets MNDAC low in preparaﬁion for
next cycle. " | |

ts : Back to t again. .

The handshake sequence is depicted in flowchart form in

Fig.2.4

C. GPIB INTERFACE FUNCTIONS
Theré are ten interface functions specified by the IEEE
488 standard. Not all devices will have all_fuhctions and some

may only have partial subsets.

1. SOURCE HANDSHAKE (SH):
This function provides a device with  the ability to
properly tr&nsféfA 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

prroperly feceive data from the Talker using the three handshake
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end (NDAC) of any transfer.
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The Avaunction,may also delay the beginning (NRFD) or

TALKIR

START

SET DAV HIGH

ARE BOTH
NRFD AND NDAC
SENSED
HI_'GH

NO

PUT OR CHANGE
DATA ON
DATA LINES

SET DAV 5. OW

YES

USTENER

SET NRFD AND
NDAC LOW

YES

E£RROR
COADITION

END

READY
TO ACCEPT
UA’TA

YES

SET NRFD HIGH

IS
NDAC
SENSED
HIGH
?

YES

SETDAV HIGH

- ACCEPT
DATA BYTE

!

SET NRFD LOW

!

SET NDAC HIGH

HAS DAV
GONE HIGH
YEI

?

SETNDAC LOW

Fig.2.4 Flow chart of data transfer
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3. TALKER (T):
This function allows a device send statgé and data bytes
when addressed to talk. An address consists of one (Primary) or
two (Primary and vSecondary) 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):

Thié function alloWsr a device to réquest service
(interrupt) the Controller. - The SRQ line may be asserted

‘asynchronously.

6. REMOTE LOCAL (RL):
This function allows a device to be operated in two
modes: Remote via the_GPIB or Local wvia the manual front panel

controls.

7. PARALLEL POLL (PP):
This function allows a device to present one bit status
to the Controlleréin—bhargé; The device need not be baddressed'

tovtalk and no handshake is required.
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8. DEVICE CLEAR (DC):
This function allows a device to be cleared (initialized)
by the Contrqller.‘ . Note that there is a difference between DC

(Device‘Clear)'and the IFC (Interface Clear)vline.

9. DEVICE TRIGGER (DT):
This funbtion allows a device to‘haVé its Basic opérationv
started either  individua11y or as ‘part " of a grOUé.' This

capability is often used to synchronize several instruments.

10. CONTRQLLER (C):

‘This function aliows a deviée,to send addresses, _as well
as universal and addressed comménds to other devices. There may
be more thaﬁ one coﬁtroller‘on‘avsystem, but only one may be the
controller—in—charée at any time.

‘At vpower—on time the controller that is handwired to be
the System Contréller becomes the active oontrollér4in—charge.
1_ The,SyStem Controller has several unique capabilities including
the ability to send Interface Clear (IFC clears allv_device
interfaces and returns conﬁrol to to the»S&stem 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 Paés Confrol 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 aﬁd.voltdge levels
Logic Level Voltage Level
0 (False) | >= +2.0V (High)
1 (True) =< +0.8V (Low)

Driver Types:

Open Colleotof Only Open Collector of “Tristate
' SRQ, NRFD, NDAC ATN, IFC, REN, EOL, DAV
DIO1-8 (Parallel DIO1-8 (non-Parallel

Poll Devices) Poll Devices)

~Tristate is useful to reach data rates above 250k bytes/s.

Tristate is disabled ddring parallel poll.

Driver Specifications:

_ The specifications for drivers shall be.as follows:

Low éﬁate:  Output voltage (three—state or open collector
drivers)i< 40.5V 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 cbllector) (see DC load
requirements)

)
pOGATIC VERSITED GTUR m
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ReCeivér Specificatioﬁs:
The allowed specification for receivers with ndmiﬁal
ﬁoise immunity have to be as follows:
Low state: Input voltage,=< +0. 8V
High state: Inpuﬁ voltage >= +2.0V
The preferred specification for receivers: Tov provide
added noise immunity, the use of Schmitt—type receiver circuits
(or equivalent) for all signal lines is recommended. -The
speoifications for these receifersbhave.to»be as follows:
Hysteresis: Vpos - Vneg:>= +0. 4V
wa 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

Fig.2.5 I-V Characteristics



Resistive Loading

< OmA, V shall be < 3.7V

(1) if I =
(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 =< 0.4V, I shall be < —1.3mA |
(5) if V >=.0.4V, I shall bé > -3.2mA
(6) if V =< 5.5V, 1 shall be < 2.5mA
(7) if V >= 5.0V, I shall be > 0.7mA
or the small—signél Z shall be >= 2k at iMHz
'Capécitive Loading |

Cint.=< 100pF at <2.0V

Typical Design:

/ "
exT|INT  Existing Planes of LS! Design Support ‘

1
|
|
i
Bus ]
|

) DRIVER |

' . ]
~ RECEIVER|

1]

Fig.2.6 Typical design configuration

Vec 5V +5%
Ru : 3.1 k +5% (to Vee)
R,  : 6.2 k +5% (to ground)

27
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Driver f‘Outnut leakage current (open collector driver)
+0.25mA max at V =5.25V
Output leakage current (three-state driver)
+40ul max at V =+2;4V
Receiver: Input current |
~-1.6mA max at,V =+0.4V
Inpnt 1éakage current
+40uA max at V =+2.4V
+1.0mA max at V =+5.25V .

€= Cuaong +Ceomponeat =< 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. iAn -overall

cabling restriction of 20m totnl or 2m per‘device.

STAR LINEAR

Fig.2.7 Cabling arrangements
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Coﬁnéctor: The IEEE 488 connector is a 24-pin ribbon
type coﬁnecfor.r

Connector Electrical Specification:

' Voltage rating : 200V DC
Current rating : 5A per- contact
Contact resistance : { 10m
Contact Material : gold bver copper

Insulation resistance : >10G
Connector Mechanical Specification:

Number of contacts : 24

Contact surfacés : self-wiping
AShell shape o : trapezoidal
Shell material : corrosion resistaent material
Eﬁdurancer . >z 1000 insertion |

Gho'wo\ ATR ¥C  NAFG  EOX o O

sweo | sRa | noac | oav | ood | Doz
l ! ] | 1]
.

rt ——+ . y
g i : 3 ; : 3
| {“nﬁg"”il“”')
' : = + } + + .
G l D FAILED PAI’NED PAIRED ] ‘
ROUN; DO
WITH WITH WATH had
w 8 []
PAIRED PAIREC PAIRED  REN
WITH WITH With
" $ 7
—

Fan of twrstec
pers wr.

o7 e

OO0OWNG Pt
To be groundec
nes’ temenation
" of other ware

Fig.2.8 IEEE Connector
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Connector Pin Description:

Contact ‘ Signal line

1 f DIOL

2 DIO2

3 DIO3

4 DI04

5 EOT

6 DAV

7 NRFD

8 NDAC

9 IFC

10 SRQ
11 ATN

12 SHIELD

13 DIOS5

14 DIOSB

15 DIOT

16 DIOS

17 © REN

18 GND (paired with 6)
19 GND (paired with 7)
20 GND (paired with 8)
21 GND (paired with 9)
22 GND (paired with 10)
23

GND (paired with 11)
GND -

N
1SS



31

Note that the grounds of REN and EOI 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'objectivés of this
recommendedﬁformat‘are:
1. To promote B cémpatibility among diffefent
mahufactUrers’ products
2. To enable thé interconnection of instrumentation and
releated devices with  both_limited‘ and extensive capability
exteﬁsive caﬁability to geﬁerate,' process, and interpret a
variety of different message types
3.  To define codes and formats that will minimize the
generation‘of application softwére and system configuratién costs
4. To define a limited family of preferred message
codes and formats in a felatively device-independent manner
5. To permit direct‘communication among instrument
system devioés without extraorainary translation and conversion

special codes and formats

B. SYSTEM CONSIDERATION
The & purpose of an interface system is td . carry
device-dependent messages bétween devices. According to
interface functions, to and from device functions as shown in
Fig 3.1 Device functions may'différ.from one another in severaln

respects, and thus affect the nature of @ device-dependent
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messages that may be interchanged.

DEVICE X . DEVICE v

T - :

i INTERF ACE INTEHEACE ;

l FUNCTIONS FUNCTIONS

| - I

| 8US STRUCTURL :

Il AELMOTE INTERFACE MESSAGES » I

| I

i v |-

DEVICE-QEPENDENT MESSAGES '

— : .

DEVICt
FUNCTIONS

DEVICE
FUNCTIONS

tEEE Sa

ANSIMEEE Sid 488 1978 728 1982

726-1982

J

—— e P e — —

|-
|
|
1EEE Sto l

Fig.3.1 Functions and Messages of the Interface

System

-C. MESSAGE CONCEPTS , ‘
1. MESSAGE TYPES AND DEFINITIONS

Devices typically send andArebeive several different
types of device-dependent messages.. This section defines a set
of message +types considered ’tb be useful for ia variety of.
instfumentation system needs. It also defines the terms used to
structure the description of_these mességés.

’Measurément Message: A measurement  message is a
sequence of one or ﬁore measuremént resﬁlts seperaﬁed by message
unit separetors.

| A measurement < result is the output of an instrument’s
measurement érocess. Instrumentation devices typically output
measuremeﬁt‘ 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
 @ humeric value. A measurement result éonsists of a sequence of
‘data bytés (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 uhit
separators.

A program instruction is used to setup and ~execute an
instrument’s measurement  or -stimulus function(s)¢
Instrumentation devices typically receive bprogram data (for
example, measurement range, output mode) in preparation for
perfofming 'é, méasurement‘ function. A program instruction
consists of .a sequenoe DABs that representsiat least a mandatory
header'field and oﬁe or more obtional data fields.

Status Byte Message: >A status byte message carries
information about the internal coﬁditions(s) of an iﬁstrument’s
device functions. - Devices send é status byte (STB message) in
response to a serial poll to indicate one or moré device function
conditions (for example, measuremént . complete, out of
’ calibfation,. current limited). A stétus byte messade is sent
with a single stgtué byte.

Display Message; A display message contains'information
diéplayed 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, hﬁman

interpretation is important.
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‘Message Element: Message elementé are the basic building

blocks of the syntactic constructs that define program and

measurement messages. Ma jor mééSage 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 Qsed ﬁo describe the units (fype,
qqéntity)v and quality of the data}present‘in tﬁe data field it
precedes, or thh.A A header field may also be uéed to select a
specific function. |
In all cases, the initial character in an HR field is
limited to an alpha character to facilitate parsing
(éartitioning) of messages by the receifing device. Three
header’fields available as shown in Fig.3.2 are HRi an alpha
header,.’HRZ a formatted header, HR3 a character header.
Alpha Header (HR1) : A,sequence of one or more- alpha
characters Qonstructed according to Fig;3.3 Alpha characters may

be of either case, upper case preferred.

HR 3

HR 2
HR 3 /

Fig.3.2 HR choices
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N\ ¢ LN
Py ALPHA —

'Fig;3.3 HRi Syntax Diégram

>__ ALPHA ' AL&HA > >
Fig.3.4 HR2 Syntax Diagram
Formatted Headerr(HRZ) : A sequence of one or more alpha

charactérs Plus_'the possibility of embedded or trailing sbaces‘
constructed accofding_to Fig.3.4 In some messages‘it is helpful
to maintain the header at a fixed length for a given product
employing a varietonf type and quality indications. i The use of
- embeaded 'or trailihg spaces is thereforé useful. Aipha
characters are: |
ABCDEFGHTIUJ KLMNO P»Q RSTUVY?Z
abcd e f é,h'i jklmnopars t'u VY 2
_ Characfer Header (HR3) : A sequence of one alpha
character plus the possibility of additional characters following
‘an initial élpha construct@d'baccording to Fig.3.5 1In the
additional character sef these printable-oharaoters are allowed:>
; Special chéracters: |

 $% & () k+ -/ :<=>2@[\N]"~_{31"!
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Alpha characters: as shown ianRZ

Digits: 0123456789

>— “ALPHA

v

ANY PRINTING
ASCII CHARACTER

o

\S . EXCEPT
: isPi=|"|,l;lDEL}

A
//

Fig.3.5 HR3 Syntax Diagram

~b. DATA FIELDS

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_repfesentatioh

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

‘may be implemented in any of three forms as shown as in Fig.3.8

Numeric digits= 01 23 456 7 89

Special symbolic repreéentationz E SP(space) + - .

Within an NR field, the most significant digit is sent

first.

NR 1}

" NR2

NR 3

’/JYY — ‘7%

Fig.3.6 Numeric Representation Syntax Diagram
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DiGIT

%

Fig.3.7 NR1 Syntax Diagram

DIGIT

DIGIT

-
>

()
)
. ".,

()
U/

"Fig.3.8 NR2 Syntax Diagram

‘Numéric Representation Set 1 (NR1): NRl consists of a
set of implicit point representation of numerio values, that is,
a radix point is imélioitly oonsidered*to be placed (fixed but
not transmitted) at .the end of string of bdigits. Both. the
signed and unsighed represenﬁation may contain leading spaces.
The Syﬁtaxvfor_NRl is shown in Fig.3.7
‘ Numeric Representation Set 2 (NR2): NR2 consists of a
set of expliéitb point representation‘of numeric values with - the
radix point indicated by a decimal proint (.) . . For clarity the
radi#vpoint should be preceded by at least dne digit, possibly -

(0).. The syntax for NR2 is shown in Fig.3.8
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it

sF

SF

Fig.3.9 NR3 Syntax Diagram -

Numeric RepresentationfSet_(NR3): NR3 consists of a set
of scaled repfesentation with either implicit or explicit radix

point together with an exponent notation as showh'in Fig.3.9

- ”
inserted

Any ASCII character
except ' ’

Fig.3.10 String Syntax Diagram

Striﬁg Data Field:

The string data field allowé any character in the »ASCII
7-bit code (including non-printable characters) to be carried as
a meésage. This data field’is particularly useful where text is
to be displayed (for example, on a printer or CRT type device).
Using thé string data type permits the uSe‘qf fOrmat effectors

such as <CR> <LF> <SP> to correctly format text.  The string
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data syntax is given in Fig.3.10

-Block Daté Field:

.The block data field allows any 8-bit data type
(including e*tended ASCIi codés)_t§ be carried as a message. it
is particularly useful for sending large quantities‘-of' datﬁ.
Since the focus of the block data field is'to provide for 1long
data streams, a means to increase data transfer réliability has
been included via error detectioh._ Avblock data field is
initiated by a unique code the number <#> sign. ‘ The <#> code is
not allowed in any other device-dependent messagé. The syntax
for the block data field is given in Fig.3.11
A ) ‘Block Préamble:

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 represehted within the Block,by the data
types. o

Block Length Bytes: -

The length bytes contain information about the number of
bytes in theiblock. .The number of 1ength:bytes-are 2.

Block Check Bytes: |

When a check byte(s) is used the check is performed on
only the data bytes (DABs). If a checksum:error detection means
is Qsed 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 bytés contains the

remainder from division of the data byte stream by the CRC 16



Forward'polypomial (that is x°+ x'+ X+ 1)
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The receiving

device remainder is then ZEro for»én error-free message.

LENGTH [ | LENGTH
BYTEL BYTE2

3

DASB >

—>- DAB

E

CHECK
susM

LENGTH H LENGTH
BYTE BYTE?

— oAB -

(

OAB

CHECK L-{ CHECK
BYTEY avie?

CHECK . :
SUM A END ;
) :

o LENGTH | ] LENGTH
A BYTEY BYTE2
fo=
20
20

DAE.\(N?A/
- Das ;;7
CHECK
BYTEY

CHECK
BYTE2 A END

PREAMBLE

6LOCK DATA

CHECK

Fig.3.11 Block Data Field Syntax Diagrem.
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" Character Data Field:
v _ L T S | , v
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 a]ways ‘begin
with an alpha character. . The use of.aipha ohafacters onlyv is
p:eferred. Digits and other special purpose characters should

be used only where human readibility-and interpretation of vthe
header is 'thereby enhanoed.. The character data syntax is shown

in Fig.3.12

_. ANY PRINTING
4 | AscuCcHARACTER -

>——— CALPHA - EXCEPT 7
\\\ IsPi=1"1,1;1DEL] //f

Fig.3.12 Character Syntax Diagram

c. MESSAGE SEPARATORS
A meaﬁs to distinquish betweeﬁbone message unit and the
next message unit or between information fields within message

units is wuseful and sometimes essential for unambiguous message

processing. Such means are useful for conveying related sets of
data that dccur in pairs (for example , amplitude and phase) or
' othef data set multiples (for‘,example',' time s " channel ,
fréquency) or long continuos message streams. Thel separators

1isted in descending order of the hierarchy are SR3, ©SR2, SRl A

very genéral;structure for Separator usage is shown in Fig.3.13
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SEPAR.

v o lf' ATOR ']
' | 'seran. ' ‘ SEPAR.
)P—— HEADER S s DATA ATOR ,~€}

Fig.3.13 Typicaleépérator Use

Separator Level 1 (SR1): 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 thié. level: the
comma <, > and SemiCOlon <;>.  The lowest ofdér seégrator of these
two is‘the. <> and is for most appliéétions, the preferred‘
separator." ‘This based on the fact that the comﬁa <, > is of

lower than +the <;> in the written word. The syntax for SR1 is

given in Fig.3.14

Fig.3.14 SR1 Syntax Diagram

:Separator Lével‘z (SRZ): An SRZ separator is typically
used to separate a sequence of message units at  a distinctly
higbér level than that of the SRl separators. ‘There is only one
level of at the B8SRZ level altbough"thére are several
implemeﬁtation choices.  The syntax of SK2 isugivenvin-Fig.3.15

Separator Level 3 (§R3): 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 highest 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

> e f—>

Fig.3.16 SR3 Syntax Diagram

n

3. MEASUREMENT_MESSAGES
Instrumentation devices  perform many measurement
.functiqns. - Typically vtasks measuring frequency . or voltage,
digitizing a waveform, and performing network analysis result in
the generation of,measnrement results.- The spenific content of
the mesSage .isn device-dependent, however the organization or
general formaf of these applicatinn dependent mesSagés can .be

structured in a way comman to many devices. " The purpose of this
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section is to define the format of measurement messages.

Measurement Message Formats:

MEASUREMENT | MEASUREMENT LRESULT
INDICATOR A DATA SEPARATOR >
4
L W s ~ - Nmm——. o—
HEADER DATA SEPARATOR
RESULT

Fig.3.17vGenera1 Form of Measurement Message

r . NAY
- NR2

~ SUFFIX  §

NUMERIC DATA FIELD :

I,

1}
3
1}
.
'
'
N o 1
et ted :
1
'
HRZ . :
4
~ :
Any ASCIl chaspoter '
oeeor !
H
+
'
'
STRING DATA FIELD |
IR RSt Sd Sttt i e Sttt sttt ':
H H
1) I'
: 8L0Cx R
L >
: R(VAN‘EL CaTA CHECK :
' ;
: 1
H BLOCK DATZ FIELD )
! PRy S Sy EpRE S G S
HEADEH DATA SEPARATOR

MEASUREMENT RESULT

Fig.3.18 Measurement Message Syntax Diagram
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A generalized form of typical measurement messages is‘
'given’in' Fig.3.17 toeintroduce‘the normal flow of data fields,
the format of the message.  There are three different types of
;measurementb messages. The Fig.3.18 shows the ‘syntactic
: structﬁfe of the‘three differeht types of measurement results

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

4. PROGRAM MESSAGES
Instrumentation‘ deviees‘are called upon to perform many
different tasks. This'pfocess‘ef pefforming different  tasks
'_requires chengee in the Basic measurement or stimulus task. - A

device might be required to changed to change operating mode,

measurement range, or ocutput mode, for example. Receipt of.
program instructions effect the necessary ohanges.' The specific
content of this data is device—dependent,‘ however  the

organization or generalrformat of these application dependent
messages can be structured in a way common to many devices. The
purpose of this section 1is to define the format of program |

messages.

MULTIPLE

- DATA
SEPARATOR ) .
: > INSTRUCTION HEADER . : INSTRUCT) ‘
HEADER SEPARATOR pata / SEPARATOR.

Nr———. g r—. — N ———_—— [ i
HEADER SEPARATOR DATA : SEPARATOR |
~ {

insTrucion

Fig.3.19 General Form of Program Messade



: U RIC DATA FIRLD V- ———@———v
R, : P J -
| . ]

Any ASCH ehacaction
escept -

STRINL DATAFIELD

H
[
BLOCE DaTASIELT |

READER ’ DATA © SEPARATOR

PROGRAM INSTRUCTION

Fig.3.20 Program Message Syntax Format

Program Message Formats: A generalized form of typicéi
program messages is given in Fig.3.19 to introduce the. normal
flow of data - fields, the format of the message.v Fig.3.20
illustrates the syntactic construction of four different types of
Program insructioﬁs 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



48

in the serial poll active state (SPAS). The principle purpose

of the STB message is to present critical summary and detailed

status to  the ~controller-in—charge.A 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 structurse

code assignment. is not feasible.

6. DISPLAY MESSAGES
There‘ is no speCific_;format for the syntaxr ofv data
uniqﬁely» utiling forAdisplay purposes. Both"the pfogram and
‘measurément messagés, however can be used for | display
purposes. The- oharéoter _and string data types . are partioularly»
useful for  this purpose. Display méssages are intended for

device input or output where human interpretation is important.

7. ERROR DETECTION AND CORRECTION

'Thé need for error detection‘- capability  within
instrumentation systems varies significantly in relation to the
nature of +the noise environment, . ﬁature_énd importance of data
carried‘dn the interface active at both'datavsourbe and acdeptor,
and overall system application. There are .several common
techniques for error detection and their applications are
device-dependent. Some of them aré 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, 'therefbrevthese methods are explained as
.an information. »

- Error »Detection‘ "at the Bit Level":;

A simple lateral parity bit on DIO8 to detect erforsv
contained in DIO1-7 for the ASCII 7-bit code érovides minimal
means for error detection and requires minimallhardWare. Parity
chieck permits detection of a single error within’ﬁhe bit groupihg
of a byte. ~Multiple-bit errors within a byte may not be
detected. | v ‘k | |

. A .1ongitddina1 parify check bit on any given DIO line at
the end of data fecord may be used in the samé way as the lateral
parity check bit for the same purpose on results.

A cyclic redundancy check (CRC) 1is much more
comprehensive and assures a highef degdree of error  detection
capability.
| Error Detection "at the Message Level":

An instrumént receiving a programming command message can
check the meésage for proper syntax so that all the data that is
expected has the proper format. Commandsbnot having the proper
syntax should not be exécuted. Instead, &a service 'request
(SRQ)‘message should be generated and the status byte (STB) on
the subsequent,éerial poll should indicete a syntax error.

Ah'instrument'reoeiving a programming command messége can
check the semantics of the mesSgge to see if they are meaningful

and executable. For example, a power supply with a maxXimum
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output of 5OY should not attempt to execute a command that tells
it to output 500V. 'Instead, a service request should be
generated aﬁd the status byte on the subsequent serial poll
should indicate an execution error.

"Ther types of efrors listed in the above paragraphs ‘aré
genereally human errors in programming inStruments or controller
generated .commands'which produce out of bounds conditions. The
recovery from these errors normally involves human intervéntion
and is beyond the scope of these recommended éraotices.

Error Correction:

Error recovery is‘often a required capﬁbility in systems
having error detéotion. - Specific error reéovery techniques érev
beyond of the scope of this thessis work. 'Two common approaches
are retransmission tof data received in erfor and use of forward-

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

_ “A. GENERAL VIEW TO'CONTROLLER
The controller‘ is made by using an iNTEL ‘8085_‘
microprocessor at working 6.144MHZ'clock rate. The - controllér
is oénnected to a intelligent mohitor via an RS 232C interface
circuit. | There 1is also anothér RS 232C interface circuit for
prihter. The later one can be used for .communication with
‘another computer by a little changing in_Séftware," -There is a
24-?in paraliel port for parallel'communication. .GPIB interface
is also available.

The memory'cépacity’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 b&te 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
Connectofs:__ The controller card contains 4 connectors.
The tonOf‘ them.are,standaft_D—type 25-pin connector for RS 232C
interface used for printér'éhd 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
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connector for GPIB.
Glbssary of Designation:
A-Bus... Address Bus (AO.fA15)
'AD—Bus;.-Multiplexed éddress 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 micrqprobessor
INT..... Interrupt of the‘miCroprocesspr
CLK..... Clock output of the micro?rboessor
SCOMBER. . Sefial Qommunicatioh baud rate clock

TxD/RxD. Input/Output of the USART

G ELECTRICAL CIRCUIT DESCRIPTION
1. MICROPROCESSOR.AND-IES SUPPORT CIRCUITRf
'a. MICROPROCESSOR |
_ The controller has been designed by using an INTEL 8085
microprocessor (Ul) to execute all logical functions of the
Controller; - Thié 8085 is a B-bit microprocessor with 64k byte
memory, 256 byte I1/0 addressing capacity.j It is operating at

3.072 MHz speed without taken into HOLD state.

b. CRYSTAL

6.144 MHz crystal is used for the miéroprocessor timing.



53

c. RESET CIRCUITRY

The reset .circuitry consists of a diode (1N4148), a
resistor‘ (100k );, and a capacifor (1ul}, This circuit serves
‘to RESET the microprocessor ét power on. RESET IN:input of the
_miorop:ocesSor stays at ldgio high levei-for a while.» The
'éapacitor ‘of the reset circﬁitry charges to 1§gic'high level via
the resiétor. Therefore RESET OUT pinrof Athe microproéessor
stays at logic low level. VRESET timing is dependent on the time
constant of capacitor and resistor. Charge duraﬁion of the
capacitor from OV to 3.6V is approximately 128méeo. | Discharge
duration’ of this circuitry from'5V to 2V is  approximately

100msec.n

'd. MICROPROCESSOR INTERFACE CIRCUIT
U3 (74 LS 373) octel latch is used for this purpose. It
is used to separaté multiplexed AD—Bus'b& usiﬁg' adaress latch
- enable (ALE) signal coming from microprocessor to enéble of US3.

When ALE is high it indicates that the'signalsb(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 microprbcessor_are’data signals and taken from the
inputs of U3 and wused 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.
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2. MEMORY'AND ITS-S&PPORT CIRCUITRY
a. MEMORY DECODER
Memory degodér 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'isvdivided into eight of 8k Dbyte

areas. The first two output of U5 is used for selecting of U7.
and U1l0. . In order to address the other four memory chips, U8B
is used. It contains two 2-to-4 decoder. The fifth'output of

U5, All and Al2 bits of A-Bus are used to divide 8k byte memory
area into four 2k byte memory areas. So two outputs of the
firét part of U6 are used to select two EEPROM _chips. The
second part of U6 is usédvto select two RAM chips by using eigth

output of U5, All and Al2 buts of A-Bus.

‘b. MEMORY CHIPS
" The memory of controller.is'consists of 6 memoryv'chips.
Thesé are: | |
2 x 8k bybte EPROM U7, U10 (2764)
2 x. 2k byte EEPROM U8, U1l1 (X2816)
2 x 2k byte RAM U9, U12 (6116)
one of the each item is optional. It will be used in future if

necessary.



55

c. MEMORY MAP
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‘3. I/0 PORTS
a. I/O PORT DECODER
U13 (74 LS 138) 3—ﬁo—8 decoder 1is wused to selectr
necessary .ports. A7, AB, A5 bits of A-Bus are fed as #
addressing bits of U13. All I/0 ports are selected as 1/0
mapped I/b; U13 selécts _seven ports; thesé are Ul4 (8253
Timer),  U16 (8251 USART), U7 (8251 USART), U18 (82914 GPIB
‘Talker/Listener), Ul9 (8292 GPIB Controller), U27 (8255
Parallel port), U33 (74 LS 373 8-bit Input port). El input of

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

. b. TIMER
This unit consists of two chips Ul4 (8253) and U1lb (74FLS
74). U15 is a two D-Flip Flop and used one of‘them to divide

3.072MHz clock out signal of miéroprocessor for providing

necessary clock signals of 8253’5 counters. Ugi4 is a
programmable interval timer counter. Its function is that of a
general purpose Vmulti—timing element. 1t is treated by the

system software as an array of periphéral 1/0 ports three are
Vodunters and foufth is a control register for-mOde Pragraminnig.
'Basicaliy- the Select‘inputs AO and Al are connected to AO and Al
lines of A—Eus fespeotively. : CS is connected to .thé seVénthk
output of Ul13. ~ One of the counters is used to generate baud
rate clock of USART’s (U16, Ul7 8251). The other one is used

for RST_7.5 interrupt of 8085. And the last one is spére.

: ‘c. SERIAL iNPUT/OUTPUT,COMMUNICATION UNIT -
This ﬁnit consists of two USART chips (8251) U1l6 and U17.
They are ‘aperated at asynchronous modé and at x64  mode.
Thereforev SCOMBR clock which is obtained from Ul4 is divided by‘
64 internally. One start, one stop, one parity bit added +to
the actual 8-bit data by the USART sutometically. By
programming Ul4 (8253) the baud rate can be changed, because
' SCOMBR is getting from Ul4.
| For printer interface TxD, DTR, and RTS outputs of U16
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is fed tov RSZSZC'transmitter chip UZQ (MC’1488), U23 (MC 1489)
R5232C receiver chip.ié fed to RxD, DSR, and CTS input of U16.

For monitor just TxD and RxD pins are used with U24, UZ5
RS232C interface chips. | |

d. PARALLEL INPUT/OUTPUT PORT .
027 '(8255) is a three input/output 8-bit port. These
oorts are selected by 1/0 deooder, AO and Al bits of A-Bus.
. U383 (74 LS 373) is another input port in order to input
| ofitho 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, Ul9, U20, ano
U21. , v |
.U19 (8292) is a IEEE 488 Bus (GPIB) controller interface
element. - It is osed with the 8291A GPIB Talker/Listener and tﬁo
8293AGPIB Transcievers to form a oomplete'IEEE.488 Bus interface
for a microprocessor. | | |
The. interconnection of these four chipo are made as the
recommended fofm in which the data sheets of these 'chips,k in

order to implement full TALKER, LISTENER, CONTROLLER functions

‘The microprocessor accepts them as 1/0 ports. 8292 has
6 read register and b 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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of these registers is provided b& theiaddféss lines. AO ilihé
for,82922 té select command‘registers aﬁd operation registers.
80,A1,A2 lines for B291A to select one of the & different
registers » ‘ | | | N
The chip selects of 8292 and 8291A come from the 1/0
deéoder. Read and Write inputs ére'oonnebted to the same
outputs of tbe miéroprooessor. The only differenﬁ is that,i the

reset input of the 8292 accept

Y

inverted reset signal, so ‘ﬁhis
is provideﬁ by -~ using an 'invértef to reset out . of the
'microprocessﬁr and oonnectea ﬁo'thé 8292°s reseﬁ input.

TheA interrupt output ‘of‘8291A and OBFI; : 1BFI, SPI
interrupt oﬁtputs:ovaZSZAare not used. .‘Just the TCI interrupt
"is used by bonneoting‘to the U33 (74 LS8 873). The microprocessor
checks this port to learn the status of the controller after

or before giving a command to the 8282.
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d. I/0 MAP
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X means thet bits can be take the value of either 0 or 1

according to port or register to be choosen.



60

V. SYSTEM SOFTWARE STRUCTURE

| A. INTRODUCTION
UMSC system is a microproceésor based controller system.
The main »ﬁasks of - the UMSC are-execution Qf user 'prograﬁ and
control of GPIB Bus properly.  In order to reelize.them,. some
sub—moduleseare necessary. " Those, are; |

Aq editor to write user ﬁrpgram into the nonvolatile
memory.v | | |

A 1list function to'display'written program on to the
CRT monitor.

A ‘syntaﬁ checker to control> the user program
instructions Whether‘they are wfitten eorrectly or not. At the.
resUltiof 'this cheek prbcess, The program displays ihe errors
and their locations in the line, if exist.

| An interpreter to execute the corfectly written user
'pregrams
| The bmentioned sub-modules are activatedlby the special
- characters and each time only one routine can be activated In
this way, no ~confusihg occurs because of Qsihg the same data
strﬁctures.

All of these tasks are not time eritical, so they are

aetivated on the background cycle. |

| By the execution of interpfeter some measurement results
or some test oemments or headings might be written on the

bPrinter. It is obvious that printers are slower devives; if.
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tne oontroller waits the printer unfil' the.'printer finishes
desired ﬁrintOut this is waste of tlme In oraer to solve
this problem,- the controller uses ‘a prlnter buffer and formats
it with desired output strlngs or/and measurement result by using
ASCII characters, ~and leaves the'bufferuto the'orinter sender
routine which activated by foreground = scheduler. So> the
controller does not spend time while the prlnter is working.
| Another background sub-module 1is Monltor . This is for

program development and debugging tasks. There_is no relation’
between the mentioned tasks‘iniabove.

All the sub-modules inoluding‘the Printer>Sender ~routine
have state driven structure. |

According to the ‘above deflnltlons of the software
structure of the UMSC, the system software can be lelde into
two parts. These parts;

Background S/W

. Foreground S/HW
B. SOFTWARE DESIGN HIGHLIGHTS

. Programming languages are PLMBOIand'ASMBO
S/W design is etruotured 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

f'The software stfuctufé.of controller is showh in Fig;5.1.
After a power-on vreset'or an operational reset theLprogram jumps 
to initialization  routine. At  the end ofv this routihe
mic?oprocessor intérrupt input is enabled. = After thaﬁ process
the program passés ‘the control to Master control routine which
searches continuously the keyboard input routine. According,to
the inpuﬁ character, Master control branches tov,thé _deéired_

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

Power on_  ff itializatio
Reset \ :
) P Master > .
Editor Control Monitor

Fig.5.1. General structure of controller



1. DATA STRUCTURES
EDFIL: 16 Bytes
EDSTA : State entry
CQLUMN: Cdlumn pointef'
LINENO: Line pointer |
KEY :'Pfessed,key buffer
IDLCTR: Empty line counter
_REDSTA: Return state entryv
| RI : Counter
FIRST : First line number buffer
LAST : Last line number buffer
ENDFLG: End flag for ihterpreter
vJMPFLG: Jump flag for interpreter
‘EDSPR : 5 Bytes,spare
WBUFER: 32 Bytes‘
Key collectig buffer for editor
CONV: 6.Bytes
: Bihary to ASCII conversion buffer
DISBUF: 33 Bytes _
Display buffef 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
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PRTFIL: 16 Bytes
STAFL : Status fiie of printer output buffer (é'bytes)
v LINPTR::Line pointef for printér sender
CQLPTR:2001umnvpointér for printer sender
‘DSRCNT: Printer USART DSE status counter
FAILCT: Printer fail counﬁer
CARFLG: <CR> flég for line
LPCNT : Empty printer buffer counter
PRTSPR: 4 Bytes spare |

OBUFER: siso 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 thé OBUF
| VARA: 2 Bytes
"K" variable

VARB: Z/Bytes
“L" variable

LLIST: 2 Bytes

GPiB listenér 1ist buffer
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TLIST: 2 Bytes
'GPIB talker list buffer
MONFIL: 48 Bytes

" Monitor workspace

2. INITIALIZATION

Disable

interrupts

‘"Hardware
jnitialization

|

Data area
initialization

GPIB
jndtialization

* Enable
interrupts

~{-Jump to
. |master control

Fig.5.2 Flow chart of Initialization routine

When> the system reset by external reset switch or



66

p0wer—qn reset, the program jumps to fhe initialization routine,
and initializes the hardware and data area accdrding to the
desired form. Before pass the control to the master control
foutine, - .enables the-RST7.5 interrupﬁ input;‘ to activate> the
foreground. The flow chart of this routine is given Fig.5.2.
INIHW initializes the.seriai ports to the communicate at
1200 baud,  and also'initializes the timer to obtain necessary
cloqk input forlserial ports and fofeground activation ipterrupts

to microprocessor at the value of 1.25 msec,

3. MASTER CONTROL

After initialization, the system is ready and waits at

standby., It contiunously polls the CRT input routine. If any
key is pressed from - keyboard, it takes the key and searches
vwhether it is valid or not. According to the result of this
search, the program passes the control to chosen module if the

key is wvalid, or displays an error méssage 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 writes a‘pressed valid key into the nonvolatile memory which
is divided 60 lihes each has 32 bytes.
The line numbéf is the first entry of this routine.

After taking> this entry, program searches the given line and
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_displays its content on to the CRT monitor.j

~ /"SYSTEM >
Get JMP - | ERROR

address Message

JMP to .
Desired funct.

|
| _
R
VAN
( |

/
~__~7
.
{

1

Fig.5.3 Flow chart of Master-control routine
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IDLCTR=60

Decrement

it
by 1

EDSTA= 11

Fig.5.4 Flow diagram of EDCMD routine
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Get

State (EDSTA)

y
DO CASE EDSTA -

CALL EDSG(1

T2

2 ’
CALL EDS(@4
CALL EDS@®5
CALL EDS(@6
CALL EDS@@7
CALL EDS@(®8
CALL EDS@@9
CALL EDS@1{
CALL EDS@11

END

RETURN

Fig.5.5 Flow diagram of EDSCAN routine

The control characters of this routine are;

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

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

<DEL>.. Delete currentnline and'continue to'next line

<CR>... Finiéh the current line
<BS>... Go one character back
<Right arrow>... copy one character to buffer from line

‘While the typing line number, these control chéracters
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 minimum 10msec. Because the

writing a byte"into the nonvolatile memory (EEPROM) needs  this
delay The flow diagrams of editor routine are given in Fig.5.4

and Fig.5.5.

a. DESCRIPTION OF EDITOR STATES
EDSO00: Editor exit state _
EDSO001: Editor enter and preparation of getting . line
number state. _
. EDSO04: Getting first digit of linernumber state.
EDS0O05: Getting second digit of iine number staté.
EDS006: Preparation state for line edition.
EDSO07: Character collection state.
EDS0O08:  Transfer from RAM buffer to EEPROM byte by byte.

EDSO09: Messages to user that the no more empty line.
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EDS010: Clears all lines if no empty line, if desired.
EDSO11: Enter state to editor when all lines are full.

The state diagram of editor is given Fig.5.6.

. 4.5
Digit
Collectioy
States

9
Decision
State

Any

Enter state key

” fullll

8
Write
Line into
EEPROM

7
character

collection
state

Fig.5.6 State Diagram of EDITOR module

ESC
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5. LIST FUNCTION

!

EDSTA=1

CALL
LSSCAN

Fig.5.7 Flow diagram of LSTCMD routine

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 editof waﬁts
one line number, the list routine wants one orrtw0’1ine number.
Agéin it has state driven and key activated structure. It uses

the same data structures and temporary data areas.



73

The list routine is acti§ated,from master control,  if
the user presses the <L> key on standﬁy. The program Jumps to
tﬁé LSTCMD whére the. Statebnumber is given #1f (Enter state
number of LIST routine). = After that, LSTCMD’makes a loop while
the state  is different from Q. | If it is so, program returns
to master control. The flow diagrams of list routine are given

in Fig.5.7 and Fig.5.8.

|

Get state
(EDSTA)

h

DO CASE EDSTA
CALL LSS@p1
CALL LSS@@2
CALL LSS(P@3
CALL LSSO04
CALL  LSS@®5
CALL LSSP@6

END

Fig.5.8 Flow diagram of LSSCAN routine



LSS000:
LSS001:
LSS002

entries. In
can pass two

heeds two line

L55004:
LSS005:

number entries.
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a. STATE DESCRIPTION-OF LIST FUNCTION

. 1
L Inter state
Prep.state
to get : :
tart lire | Get start
« lire Mo
Out of S 7 2.3 REDSTA=5 4
range | Digit prep. state
collection —\ toget
state stop lire -
5 .
Check
Line EC
Nunbers .
valid
numbers
AL 6 B 0
~ Listing \. Fxit
~State ‘State
Fimished

Fig.5.9 State diagram of LIST function

Exit state from list routine.

Initialization state forvlist command.

and LSS003: The collection states of line number
one activation of the list routine, the proéram
time through'these states, because this routiné
number.

Preparétion state for getting last line number;
Control state of given first and 1last line

If they are not valid (for example FIRST > LAST
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etc. ), the program kignores the given numbers, and returns to
start state.  If they ére valid, the program goes‘on'andvjumps
to display state. |

LSSOOSf Displays the lines from given first 1iﬁe number
to last line number. - After each line displayed, the prbgram
waits_é_key from keyboard. . If the pressed key is not avcontfol
key, the program goes on ﬁo display next line. |

‘The .control keys are "A" and "T".

"A"...ﬁo start dispiay operation again from first lihe;
" to last line previuosly‘defined. |

"T"...to start display dperation from_the top of the
memory to bottom. | | |

The fiow diagrams and the stéte diagram of +the List

routine are illustrated in-Fig.5.9.

6. COMPILER

" The most  important module of UMSC S/W is thé_iCdmpiler.
It consiéts of twb parts, one is Syntax Checker and the other is
Interpréter. When "C" 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 area. The other requirement
’is the stop line number. This is done in a similar wéy which is
uged by thé 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.5.10 and

|

EDSTA=1

Fig.5.11.

N 4

J

 Fig.5.10 Flow diagram of CPTCMD routine

a. STATE DESRIPTIONS
CPS000: Exit state from compiler routine
CPSO01: Initialization state for compilation
- CPS002 and CPS003: First and Last number collection
states. The compiler pass those states two times fof two lline

number entries.

CPSOO4: 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 the& are not wvalid, the program
ignores them and returns toistart‘state (State 1). If they are.
vélid, the"program goes on and Jjumps to SyntaxAChecking state

(State 6).

J

Get State
(EDSTA)

4

DO CASE EDSTA

CALL CPS(@1
CALL LSS@@2
CALL LSS@@3
CALL LSS@@4
CALL LSS@@5
'CALL CPS@P6
CALL CPS@@7
CALL CPS((8

Fig.5.11 Flow diagram of CPSCAN routine
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1
enter state
Get start . .
line no ‘ '
out of
range
5 , _ 2,3
Check ' , ‘ ~ Digit .
Tire _ colliection
nnbers / state
Valid .
6\ | 7
Syntax ! : .Eﬁer . _
checking | No syntax Interpretation EX
state error
Ay
other
8 key ¢
interpretatia Exit
state ﬁmﬁ’ﬁi state

S

s

one or more
syntax errors

Fig.5.12 State diagram fo COMPILER routine
CPS006: Syntax Checking state, it +takes each line .

beginning from first line to lastkline, checks them that they

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



79

full 1ines.- At the end of thévoperation if there is no‘ error,
according to decision of the Qser, it goes on to interpréter
pyeéaration staté (Stéte 7) or exits from compiler routine. If
there are one or more errofs, fhe program exits from» compiler‘
routine and enters to master control.

CP5007: User decision wait state to go on or exit.

CP3S008: Interpretétion state, It follows the'séme way
with the CPS006 in order.to skip empty lines. It takes each
line and interpret it. After the interpretation Qf'éach line it
checks the ENDFLG, If it 1is set,- the interpretation is
terminated and the control passed'té thé ﬁaster cohtrol.

The state diagram of this routine ié illustrated in

Fig.b.12.
b. THE SYNTAX CHECKER
"Firstly, it~‘is necessary that the giving a command of
the UMSC lanéuage from the line. Generally a commandA consists
‘of four parts. They are; Instruction, operand, Data field

(if éxists), and command terminator. ,

INSTRUCTION: Consists of a character.

OPERAND: Consists of two .characters. Operand
oharécters might be <SP>, <Letter>, <Digit>. .

DATA FIELD: There is not specified number of character
in this field, but it.is implibitly 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
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finiShes'again with a quotation mark.

TERMINATOR: Consists‘of a character. ~ It is a semicolon

The ASCII characters are used in those parts. A valid

command does not exceed one line.

c. TYPES OF COMMANDS
There  are eight vdifférent type - commands as;
1.. <I><Digit,Digit><;> |
<I><Digit, Digit><"><Data Field><"><;>
<I><Lett¢r,Letter><;>

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

2
3
4
5i‘ <I><GP, Letter><;>
6 <I><SP{Letter><"><Da£a Field><"><;>
7.. <I><SP,SP><;> |
8 <I><BP,5P><"><Data Field><"><;>
It is easilyvcan bé seen that tﬁere are four_idifferent
~type commands . - The others are derived from them by adding a -
Data Field. ‘ |
The compiler after getting start and stop line numbers,

it activates the Syntax Checker.It takes a line and starts to

search until ba terminator is found, +then it decides that is a

command. During the terminator searching, it also moves the
chéracters from line to a buffer. After then it calls the
PARSINGYroutine for the string placed into the - buffer. 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 tablp PARTBL if
~one of 1tem of PARTBL matches the first character in the buffer;
the par51ng goes on to deflne the type of 1nstruct10n by looking:
followlng entry 1n_the PARTBL. According to the type of command
a parameter is passed to the anoﬁaer procedure which checks the
buffer for Opefahd and data field (if existé). This procedure
is named CHK$TYP. By the result of type checking, the Syntax
Checking operation of a command finishes. During those controls
if.any mismatching 'occurs, A'the~ program ~of syatax checker
- displays the +type and 1location of error on the CRT monitor
immediatély. Ahd also it increments an errof counter. At the
end of the last command checking, if the error counter is ZEero,
theacompiler ‘asks to the user to go on‘to interpretation or to

exit from compiler.

d. THE INTERPRETER

-The interpreter is activated'at state 7 andﬁsﬁatc 8, if
it is desired by the user;  It has a similar structure with the
syntax checkef. 1t takes instructions from a line one by one,
and executes the program which is relatéd 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 terminates the
execution and paéses the cohtrol to the master control. Thaﬁ 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 instruotioh.
It takes a value from a look‘up table (EXECTBL) related withbthe
taken instrﬁction And then the EXECUTIVE calls the instruction

realization program by using tbe 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/tistener) and
8292v(GPIB Controllef)' Chips.”_ Thereforé - the GPIB is
initialized‘

| Thé only action for initialization of 8292 is tp enable

the TCI (Task Compleﬁed Ihterrupt) interrupt mask. |

The initialization of 8291A is;

-to disable boﬁh major and minor addrésées. Because
8291A will never sée the 8292’s commands.

-to set Talk only mode

~-to set iﬁternal counter to match to the clock input of
8291A. _

’—to‘clear éll interrupts of 8291A.

Thé flow diagram of this routine is shown in Fig.5.13.
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Enable
TCI

4

Disable
Ma jor /minor
addresses

Set

talk - only
mode .

l

Set
internal
counter

Clear all -

intérrupts

Fig.5.13 Flow chart of GPIB initialization

b. REMOTE ENABLE
This is done by.using a feature of 8292. A special code

Which ijs  written into an input register of 8292 provides it.
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The flow diagram of this routine is shown in Fig.5.14.

!

Set 8292
"REMOTE ‘MODE"

Task
- Finished
?

Fig.5.14 Flow chart of Remote enable

c. SEND
Fifst all devices oﬁ the bdsvare put Unlisﬁendmode, 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 éut to Standby. Now 8291A can start to send data
bytes to addressed device via GPIB. At the transmission of last
byte, EOI 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.



Choose
Device

Enable 8291
to sad Data

8292
Stand by

Send a
‘byte

finished

ly

-

8292

Take control |

Activate
EOI .

Fig.5.15 Flow chart of Send routine
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d. RECEIVE

Choose
Device

Enable. 8291

to Recv.Data

Fig.5.16

|

8292
stand by

8292 '
take control|

\

RETURN

Flow chart of Receive routine
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.This'routine is the dual of thé’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 82914

is . enabled to recelve 1ncom1ng bytes from GPIB and 8292 is put to .

Standby. And then 8291A begins to receive data bytes from bus.

After reCelVlng of the last byte which is pointed by EOI 11ne,

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

routine is illustrated in Fig.5.186.



88

- 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 controllér

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»théfsystem is in this mode the <#> prompt is on the -

CRT. After the realization of each task +this prompt is :
displayed. - If eany wrong key is’pressed, an error message 1is
displayed;’

SYSTEM ERROR !
# -

Thevsystem mode commands are activated by using upper case
letters. Those are;

<E>.... Enters to the EDITOR

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

<M>}...'Enters to the MONITOR
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C. EDITOR MODE
InA thisv mode, the controller edits user programs and

rstores'it into a non#olatile memory. The editor of UMSC is a

line editor. The.nonvdlatile memory is divided into 60 lines.
Each line is 32 characters of length. The user can copy a line,
delete a 1line, delete previous charécter, clear user program
area. The 1lines are séquential‘in the meméry. So the iines
are automaticaly numbered. The user cah begin to edit from any
line. |

Enter to Editor: -
While +the controller is in the SYSTEM MODE, by pressing |
<E>. a message is'displayéd;

LINE EDITOR

nnn LINE(S) FREE
TYPE LINE NUMBER
$ v '

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

$

Enterlng Line Number:
After "TYPE LINE NUMBER" message is dlsplayed ~ the user

can tybe 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 1ine‘number with its
content in tbe firstvline, and opens a new one with the given
line number. After ﬁhat; the user can édif_ liné by using

keyboard. For example;

001 023"F4,R6";

- $001
or
001
$001
Cbpyihg a bharacter:
It can be made by_using'cursor'fight key, if thé line =
was previously edited. By this way a wrong character can be

changed. For example; Changing R5 to RG:

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'ﬁhe current line

and continue the next line.

Delete a line:
This is done by using RUBOUT. The editor»deletes the current

line end passes the next line.

End of a line:
‘Each 1line can have 32 characters, so while edition of
last two character, thé user 1is warned by a "BEEP" sound.

After the éditionA of last charater, +the editor passes to next

line.

Exit from Editor:

By pressing <ESC> key,  the user can exit from the
Editor. If one or more éharacter'is written, the editor saves
them into the nohvolatile memory and the exits. ~ If no character j

is written into the line or while enterring the line number, the |
editor Jjust exits and returns tb the System Mode.

_Note 1: After the edition of last line {(line b59), a
message is displayed; ‘

NO MORE IDLE LINE

PRESS SPACE TO RETURN LINE EDITOR

PRESS ANY KEY TO EXIT
$ -

Note 2: When enterred to editor if all lines were used,
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a message 15 displayed:

NO IDLE LINE

PRESS RUBOUT KEY TO CLEAR ALL LINES
PRESS SPACE TO RETURN LINE EDITOR
PRESS ANY KEY TO EXIT

$ 3 .

If the rubout 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 O to

LIST FROM 00 TO 03

000 023"F4,R5";W20;
001 I23"W"; 3
002 D W;

003 E
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Tq. list lthé program .any key have to be pressed
continuosly’ | |

To stop the list no key is pressed

To list from given first line aéain,- <A> key is pressed

To list from top of the EEPROM area, <T> key.is pressed

“To exit', <ESC> key is pressed.

LIST FROM 07 TO 15
007 023"F4,R5";

008 W20;

009 I23"W"; : S

010 D W; - ) If'(A} is pressed

007 023:F4,R5"; - . |

008 W20; , , If <T> is pressed

000 010"S3;T5";

001 W50; I £ <ESC> is pressed

#

E. COMPILER

The: compiler is consists . of two parts; The Syntax

Checker and The Interpreter. ~The user cah enter to the compiler‘

via the syntex éhecker.After pressing <C> while controller is ni
System Mode, the compiler is active.

The format of compilation start 6ommand is as below;

' COMPILE FROM nn TO mm

Where the "nn is start line numbér'ahd mm is stop 1line
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After giving +those numbers, a message is displeyed on

the CRT monitor.

RUNNING

While the syntax checker is activé, all the syntex
errors are displayed onbtb'the CRT monitor.The error méssages
will be definéd later. |
| The syntax checker calculates the'numbér 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 réturng 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 cbntroller enters +to

!

the System Mode.
F. MONITOR

This routine can be activated by pressing <M>, when ﬁhe
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controller "is in Systém 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: ( >Sabed )

When addressing the entry last 4 digits are considered to
bejvalid, also less than 4 digits may be entered. When space
bar is pressed current’entry is displayed. |

>82379 46-FF 46

Subsitute opefation is performed only after a space bér
or carriage return.‘ Prompt is displayed following a carriage

return.

DISPLAY COMMAND: (:$Dabcd—uVWy )

vabcd gives start address (last 4 digits) and uvwy gives
end.addréss (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:

>D0 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: ( >I pa xy )

Performs input operation frbm port designaﬁéd by pa and
displays data read as xv eg.

>I 60 02 B
means . input'operation from port 860 reads‘02 . If after porf

number carriasge return is pressed the data is displayed as

follows:

>I 60
02 g

 OUTPUT COMMAND: ( >0 pa xy )
" Performs oﬁtput operation of data xy from port pq.

Operation is performed after pressing space bar or carriage

returﬁ;
>0 40 30
DISPLAY REGISTER COMMAND: ( >X ) -
'Displéys the  register values to be used when G, T or B
command is to be used. The sequence is as follaws:

XF=00 A=01 C=02 B=03 E=04 D=05 L=06 H=07 S=2700 P=3800 #=3807

.flags

. . Accumlator
..C register
... B register
.E register

- EHwap



97

..D register .

.L register

..H register

..Stack pointer

. .Program counter
.Break point address.

£TNDED

Any of these values can be changed as follows: eg.
XC=02-73 B=03- . |

After enterring 73, pressing carriage return aisd
' berforms» the fequired'change operation.v This time prompt is

displayed instead of next register.

GO COMMAND: ( >G )

Starts eXecuting the code ldcated at the memory poihted
by program counter. | eg. if program éountér has the value
_3800H, G‘ command fbauses .control to be passed to +the program
starting at location 3800H. Only after a return instruction
outside néstéd CALL’s and RETURﬁ’s contrdlireturns fd' monitor.
Staék pointer should be initialized to a value such thét called

‘program can use an unused bortion,of.RAM as stack.

GO CQMMAND WITH BREAK PCINT: ( >B )

Beforer performing thié command, program counter, stack
pointer and break point values should be entered properl&.
Breakrpoint sholud be the address of the. memorylvlobatiﬁn
containing the first operand of an assembler instrﬁotion. - 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 pérforming this oOmmahd, program\ countér and
stack pointer should be updated. - Any valid assembler
instrﬁction can be executed. If instruction does not destrby
workspace area of monitor, 6r disturb the cdmmunication hardware
_interfacing fo the wuser cohtrol returns to the monitor after

every instruction (only‘ for HLT instruction this is not

possible).
G. UMSC LANGUAGE
Variables: ‘There are two kinds of variables; integer
and real.
K and L-integer are integer variables. They can be used

for_counter.
U,V,W,X,Y,Z are real  variables. Each of +them is
consists of 32 bytes length. The value are stored in ASCII form

in them. They can be displayéd.

1. INSTRUCTIONS OF UMSC LANGUAGE
All instructions are single character instruction. Some

of them needs operand and data.

OUTPUT:

This instruction performs outpﬁt a character string . to
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the GPIB.The syntax of instfuction is as follow;
| O<operand><data field>
VWhere ‘operand is two digit which is specifies the number
of deVice’ Qill receive thé charactér string. In the IEEE 488
stﬁndard device numbers should bé between O aﬁd 31.  The data
}field is the character string.
024"F4,R5,W0, ?";

the commas are ignored in the'data field.

INPUT:
| " This instruction performs input a character'string from

GPIB‘which -is sent device specified by oﬁerand. The syntax of
instruction is as f§llow; ' |

I<operand><data field>

Where thé operand represents the device addreSs.Similarly
it‘should be between O and 31 Data field is pbintb the which
redister will uséd to storé input daﬁa.v

I24"X";

WAIT:

This. instruction performs a wait operation before the
execution  of thé next instruction. The unit delﬁy is 250msec.
The syntax of instruction is as follow; |

W<operand>;

Where tﬁe operand is specifies the number of unit delay.

It can be between 0-99. Therefore maximum delay is 2bsec.
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EQUAL:
This 1is for initiaiizing the K or L  register. The
syntax of instruction is as follow; |
 =<operand><data field>
- Where the opérand is specifies K or L register which will
be inialized by the value_speéified in data‘field. It shouid be
é space,between instruction character and register name.ﬁ ‘

= K"230";

- DECREMENT/INCREMENT:
This ,instructibn decrements/increments thek value of
integéf variable. _'Thevsyntax of instruction is as follows;
| —<operand} / +<operand>:
Where operands specify ‘K or L variéblesvwith a épace

character between instruction character and integer variable

.namé. The real variable names can not be &sed.
or
+ L;
COMPARE :

‘This is for comparing the values of +two . integer
variables. The syntax of instruction»is as follow;
C<operand>

Where operand specifies the sequence ofAvariables~in the
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comparision. = This instruction can be performed only integer
variables. -

CKL; means K > L ?

or
CLK; means L >K ?
At’ the result of comparisioh, if the‘}oondition _is
satisfied the next instruction will be execuféd. If it is hnot

éo, next‘line will be executed.

JUMP:

This instruction jumpé the éoecified»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 whichvis specifiedvby'the startAand,stop line numbers
given‘at the beginning‘of compilation. And also it should be
between 0 ~ to 59. Because there is 60 lines specified
' seqﬁencidlly for writting user program

J23;

é COMMAND :

This 1is a special instruction for giving a decision to
user. It terminates the execution of current user program.
And then user éaﬁ give decision of going on the part of program
of restarting‘ from beginning line of program or exit from

compiler and return to system mode. The syntax of instruction
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iS‘aSkaliOWS;

S<operand>

Where the opérand consists of two space charabter and is
not impoftant. ﬁ

S

During the compilation if the current instruction is a §

command, a message is displayed, +that is;

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

This instruction can.bekuSéd for debugging a part of user

prbgram or to give a delay to user for changing measured resistor

or Qapacitor-e.g. with new one.

REMARK:

" This is for gi?ing information about the program. It is
not executed. The syntax of instruction is as follows;

R<operand><data field> o .
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:
Thié instruction showé’the end of program. It should be

all the written programs. The compiler terminates the execution
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of the.useriiprogram with ,ﬁhis instruction. ' The syntax of
insﬁruction is as follow;

E<oéefand>

Where the operand is two space character.

E

> COMMAND:

This instruction displays the GPIB Inpuf buffer on to the

CRT monitor. It can be used after a INPUT ( I ) instruction,
to see incoming data. The syntax of instruction is as follow;
><operand>

Where the operand is two space characters.

123"X";> ;.

D and B COMMANDS:
Thesé.instructions are for the displaying cohtents 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 éound while execution of B command.
So.the user can trace thé resglts and can interrupt the execﬁtion
of current Qser' program. The syntax of instructions are as
follow; o |
7D<0perand><datd field>
or |
| B<opérand><data field>

Where the operands can be a space and a letter which
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specifies one of the six realvvariables.The‘data field consists:
of comments.

D VhMeasured Value= ";
or

B X"Frequency = "; ’

If the value of V is 23.34 EO3 KOHM, the effect is on
the CRT monitor is as follow; | |

Measured Value= 23.34 EO03 KOHM

P COMMAND:
vThis ‘instructionf is similar to D and B commands except
that it sends the~ results and comments to thé . 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

VH. ERROR MESSAGES
Whiie the syntax checking, if there is é writting fault
in the instruction or 1iﬁé, the compiler sends an error message
which specifies the type of error‘and poiﬁts line number and

location of error in the line.
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-SYNTAX ERROR:
If the parts of instruction are'oonfﬁsed, it causes a
Syntax error. e.g. |
- 002 1I24"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 insﬁrubtion character is uéed, it

causes an‘unresolved’instruction error. e.g. |
002 Z00;

This caﬁseévas follow'error message;'

‘UNRESOLVED.INSTRUCTION IN- 002 NEAR 7200

 WRONG OPERAND:
If tthe operénd of instruction is undefined typé, it
causes a Wr&ng operand error. e.g.
- 003 WOA;BO3"value =";i
This line. of code causes two vwrong - operand error |

messages.

- WRONG OPERAND IN 003 NEAR WOA
WRONG OPERAND IN 003 NEAR BO3"value ="
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UNEXISTENT VARIABLE:

.If "there is unexixtent varible in operand or datavfield,
it causes an Unexistent‘Qariable error e}g;

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

This 1line of code causes three wrong unexistent variable

error message.

UNEXISTENT>VARIABLE,IN-OOB NEAR + A
UNEXISTENT VARIABLE IN 003. NEAR I23"Q"
UNEXISTENT VARIABLE IN 003 NEAR B H"value is”

UNTERMINATED INSTRUCTION:
All the 1nstruct10n ‘should be terminated by <;>. . If it

is not so, an untermlnated instruction error message occurs on

the CRT monitor. e.d.
003 I20"W";R "INPUT VALUE"
ThlS 11ne of code causes an error message as follow;

UNTERMINATED INSTRUCTION IN 003 NEAR R "INPUT VALUE"

MISSING QUOTATION:
If <the quotétions which specify the data field are
missing, a m1581ng quotation message occurs. on the CRT monltor

e.g.

002 020F4,R3,56";
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003 I20"W;
This program part causes two erfor messages as follows;

MISSING QUOTATION IN 002 NEAR 0O20F4,R3,S6"
MISSING QUOTATION IN 003 NEAR I20"W

INVALID CHARACTER:
If there are more character than the désired quantiﬁ&,
it causes an inv#lid oharacter‘errop on the CRT monitor. e.g.
002 I20"W A";B W'MEASURED VALUE =";
Thisbline.of code causes an error message as follow;

INVALID CHARACTER IN 002 NEAR I20"W A"

END NOT FOUND: »
All 'the user programs should be lasted by an END
inétruction,» if it is not so, an End not found error occurs on

" the. CRT Monitor. e.dg.

000 R "RESISTOR MEASURING";
001 020"F4,R3,85,7";W35;

002 I20"W";> ; , ‘
003 P W'RESISTOR VALUE = ";

If the compilation was bégun 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:
"Thié kind}hefror occurs when the operand are digits and

also they are out of range. e.g.

000 020"F4,R5,85,%";

001 = K"100";= L"0";I45"W";
002 + L;CLK;J45;

003 D W"VALUE";

004 JO1;

005 E ;

This user program causes error as follows;

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

WRONG DATA TYPE:
If there are letters or characters different‘from digits,
. while thé compiler waiting digits in data field; This kind of
error‘océuré on the CRT monitor. e.g.

003 = K"AD"; |

This instruction causes a wrong déta error, véuch that;

WRONG DATA IN 003 NEAR = K"AD"
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VII. CONCLUSION

In the previous sections of this thesis, +the GPIB was
defined, the hardware and software structure of UMSC were
deséribed in detailed form. )

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

It has 15 different instructions such as jump, compare and
increment/decrement. Therefore the basic softwqre>routines_can.
be written by wusing UMSC language. In vfuture, ’some new
instructions oén 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 1in
it sgch as floatiné point arithmetic, arrays etec.. | However

they can be implementedvby ohanging 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 differen£ control
characters for formatting the‘screen. One of the design aim of
UMSC ié compétibility‘ for all CRT monitdré. Therefore a screen
editor could not be realized‘in UMSC.

The compiler was realized in the fWo pass >form. The
first pass checks Syntax_df instfuctions and displayé errors on
.CRT’monitor. A 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 | UOMSC, - different type of
measurement’ instruménts, which have remote control éapébility,
can be contrbiled easily  via the GPIB{ The UMSC offers the
possibility of ‘a printer to = take print—out of measurement
results, It also offers avparallel input/output port different
from GPIBY for future developmehts such aé.'communioation Qith
another microcomputer or +to drive a relay circpit which is
established for'the tést set. o

In“the current design of'UMSC, it is provided that 2x8K
'EPROM, - 2x2K EEPROM, and -2x2K RAM memory comfiguration’ is
available. It cean be increased up to 64K totally for future
apélications. | |

If the user has a line printer which can be controlled by
"GPIB, the serial port designed-for communication with printer
éan be changed for communication with another system by minimum
'S/W and H/W changing. | |

B It is designed for using individually, but it can be
ohénged easily to: GPIB module for a personal computer by
establishing necessary parallal or serial communication 'betweep
them.

For the future developments in UMSC, a CRT controllér
and a CRT monitor with a ~ keyboard can be added td ébtain a
bompact system. In‘order‘to increase memory capacity a floppy
disk drive can be applied. It might"be necessary a DMA

controller to handle memory operations. Another development can
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be dong in = the way ~of changing UMSC as GPIB boérd for
microcomputers. UMSC‘éan actrﬁpon the micfocomputer as a ‘port
and works éccording.to the task givén by the microcomputer. By
using this approach michcomputer is free from'consuming time for

GPIB communication control process.
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APPENDIX A
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APPENDIX B

SOURCE LISTINGS
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)
?
+- PROCEDURE @
3 FINCTION ¢
7 PMERL @
3 INPUT :
s UTAT . ¢
s BLoBAS ¢
y CALLS H
s DESTROYS ¢
HEN
#OYBD::
fop
¥DAT @ WOV
¥EHS
Koy
e
INX
CINX
LCR
nz

gnv'x
=

|

WRRIT
DELAY. BF 10 aser -
3 DALL WRWAIT:
NONE
NONE
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Pop

AL¥ CALE
INRUT

R.MS
EARLS

HLZER:

* PROCEDURE ¢

FUNCTION -
P OARL
INPUT
GLOBARLS
- CRLLS
DESTROYS

NZERD!

LXI

C IERD: mVI

INX
-
- £
- N2

mv .

. EpI
CINE

ByTRUT -

Lew se en se su

']
.
L 35
I
.

ss ge we

ASH D
Wi b, CNTI first lmm’s vouter -
. L00P1T - MVI . E,ONT2 3 second leop’s counter
- 100P2 DER . £
- JNI . LDDR2
KR D
M 1608

b

7

- PROCEDURE s FILIER
FUNCTION

Fills THE BIVEN BLOCK BY ZERDS ©.
DAL FILZER(STARTSADDR, ENT)
fBCY START RDDRESS OF BLBEK -

-{DE] LENGTH OF BLBCK

NONE
NONE

"nesmovs : n,s,a L,B c

L,C _
KB
a0
E

~

x
L~

R Y
©

-

A
s

INZERD :

¢ FILLS THE RAM AREA WITH ZERD -
CCALL INZERG

NONE

NENE

NONE . :

NEXE

“H, OFB00H
¥,0

A,k

IERD
AL

IERD
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Pk CRtt

OUTRUT

“e we we v
‘ l.
P

NPE

ABLIC |

. PUBLIC
PRI
CCRBLIC
. PUBLIC:

EXTRN
TENTRN

"EXTRM

EXTRN
YEXTRN

EXTRN
EXTRN

FINCTION © ¢

INPUT

s se pe @8 »

T
CALL
S

:

S ¢

z%ﬁg

Séé_

UNIVERSAL MEASUREMENT.SYSTEM ™

;' WASTER CONTROL OF SYSTEM .11 ..

CONTROLLER WITH GPIR
" MASTER CONTROL

¥C001R, St

FTITERERLER S

! ILHAN NEDIM ALD

WSTER

WESOUT, TRUSER
BETEH, CRTOUT -
oY .
EXRECY, EXSEND =

. EDCKD,LSTEMD -

‘£PTERD

* WONYDT, DONIN; CONDUT . ¢
" WSEXIT, MONFIL

* DISBUF, LLIST, TLIST ;
“OBUF, INEUF, BBFENT

" PROCEDURE ' MASTER -
CONTROLS THE' BACKBROUND (CYCLE -
"RONE ’ s
NBNE .

CCALLS o TUMDNYET

DESTROYS "Rk -

H,READY .
MESDUT

" H, PROMPT
 BETH

HPCTRL -
TBLSER -

CERROR
BN N

H
Ht

LA

B, RETADR -,
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“e

RETADRt INCTLOGP
ERRORT LX1 M, ERRMSG -
_CALL  MESOMT
MR LDOR:
EARMSG! DB' - ODH,’SYSTEM ERROR .0

: - LS
fEADY: BR. - ODM,”GPIB SYSTEM IS READY'.0

3

0DH,74",0

3-“ ae ue
B

CREREREEES
gsﬁf

? E’ N

? L’ .
LSTEMD

? Cl :
CPTOND

TYPE A MESSAGE FROM €RT 1%
NONE ' '

* PROCEDURE
FUNCTION ©
AxoAL -
INPUT
BUTRUY
"ERLLS

We e HP Mp FP G BE up we wa we
se ¢n su se ee en sa o

:

o
RA R
Rz "

—e

KV L8
CALL - EONDUT
N H
P MESOUT

1

FUINCTION - ¢ GETS A EHARACTER FROM MONITOR ™~
N
ourmur
BLOBALS -
CALLS
DESTRBYS

ME S MR Ve NP e 4 e P us B
% se geu Pu s e% ey @

BETCHe
CRLL  OONIN

i
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3. 6ETEH -
NI TH

; . .
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S R EEEE SRR R
|y PROCEDURE : THLSER | S
3 FUNCTION' ¢ SERRH COMWAND ADDRESS IF 1T IS VALTD -

s ANEAL ¢ | o : -'

s I w

s DUTRUT ¢

s GLOBALS s

v EALLS H

; DESTROYS ¥
TRSER:

Wy BN
TOINY H
c WM EM
-INX #
Y

, NN H
pISER:- EMP oK

R¥) " PTFIN

bRd B
PR

JNZ . PTSE

ST

1
PIFING INX  H

H . ,

: :
'+ PROCEDURE & MONDYD SR

3 FUNCTION -2 CALLS MONITOR U 0

;PN ORL ¢

y INRT 2

y BIAT v

y BLOBALS 3

}EALLS :

; DESTROYS :

k]

ARA 8
" SIR - MSEXIT
STR MONFIL
INON: CALL - MONKET
: LR . MSENIT .
B 2 SN '
NI INEDNOT

EEEEER I EEE L EEEE R R E R R EE
* PROCEDURE ¢ CATOUT :

FUNCTION 2 TYPE MESSAGE TO LRT
T PMCALL o CALL MESSAGE{. MESSABE) ¢

INPUT - ¢ [BCY ADDRESS DF MESSAGE ™



s QUTRUT - s NONE
s BLOBALS @ NONE-
;; CALLS - ¢ MESDUT
s DESTROYS ™ 2 HL,BE, .
9
oY L,L
"y H,B
9 . -
: - ' ,
SEEEEHHHHEH R R
s PROCEDURE: EMPTY - =
"+ FINCTIDN : CHECKS THE BIVEN'LINE -
s RN EALL < ENMPTY(ADD) o
s INPUTS ™ ¢ [BL1... START ADDRESS 3
Cy OUTATS ¢ [ALLOBMPTY LINE T | ¢
s BLOBALS ¢ NONE- .
; OALLS  oNpE |
+ DESTROYS ¢ A, H,BC.€ -
: s
enpryYs
oy L,
Yy HB
- W1 E,32
wm a
oy A8
1
© NOTFING INX . H
: .- DR . E . .
: 82 o _ o
H ' :
. JMP . NOTFIN -« R :
H , . ’ _
B R |
.} PROCEDURE ¢ EXSEND . o
s FINCTION ¢ -
s PMECRL ¢
3 INRUT :
3 aTRUT ¢
; BLOBALS - @
s ERULS :
3 DESTROYS ¢
ki
EXSENDT -
- LXE. O HLLIST O
LI D,oRF
5 ] OBFENT -
;N £.R
W Dom
1
H ' :
RET

| - PROCEDURE ¢ EXRECV D



m.u we ME Us we we He ue

ae “e

“e

ReCW:

FINCTION -

PECALL

INGT -

BLOBALS -

EALLS

DESTROVS

_Lxx
LXI
w1
wi

% 43 pe eu en e o

H,TLIGT
T

6,32

REEY .



$PRGEWIDTHIBO) -

mwmm&mm&~ :

‘l'

sk UWIVERGAL  MERGUREMENT ‘SYSTEM
' " CONTROLLER WITH BPIB

;!

3% FILE NoMC

¥ DRATE

NAYE

PUBLIC

ae

EXTRN

“e

EXTRN

-y

EXTRN

we

[SEG -

“wo ws

INPUT <
wTRT ¢
fALLS ¢

[

VP up Be up 2P we U Ug WP Ve

¥ MOMRE DEF.-

e on ga e

g

PRINTER GENDER

SENDER

PRGEND

PRYSEN. 502
PRINTER ‘SENDER - -
JLY 31 1386
ILHAN NEDIN ALP.

m::nm:.m.;:

USRTAE, USRTPD -

LINPTR, COLPTR, DSRENT FAILET

CARFLG, SBUFER, STAFL

PROCEDURE ¢ PRESEMD
FUNETIDN & Semds the prepared lines in DBIFER.
to the printer,one character each
tine,
Pid CRLL 1 NONE
NONE - -
UNDE
CUNDNE
DESTROYS ¢ ALL

PRGEND: IN LOW USRTPC -

OEW
© AN
R

v
- Al
7
U

5Th

LbA
- ORA

Rz

s

R
- 87R
| ORET

EHKOFFe LDR -
;- omf

£h

- O

AL

-80H
CHKDFF

X
DSRENT
FALLLT
f

A
FAREY

A

g

scheck usart3 status -
1save for later use

3iF usart is not ready -
37. o thEn RETURN

soet status byte again -

. 3if usart is ready {D5R bit=1)

3.. . then proceed to CHKOFF |
1es.B150 5Et DORONT off
3...tn check later

soneck fail counter
sorepare I flag

:if alraedy zere then retumn

jeise decrement -fail couster -
t...t0 pive alam
sthen retum’ -

soheck previous state s DSR™.

- ‘nrenare I flap



J1

. DER

S

A
wi

BOSEND . 3if Zero , proceed 1o send bytes. .
] ielse decrenent DR counter
DSRENT ysave it to DSRONT and

1...if not zers, return
R0 ysend 3 LF for

~ DUT LOW USRTPD 1...printer recovery

BOSEND:

011_1 '

)

N

ORA

C N2

i

FRILET  jocheck if alare is piven before

] sorepare 1 flap
EALY - 3if not zero proceed io call

- A, OFFH jand set fail counter

FAILET ‘1...tp FF

- LINPTR :pet lime pointer

B.A - ssave to B for later use
OFFH  ;oheck if FF
SCAN2 . ;3T 5o oo to sean all siatus byles .

CEBLPTR yoneck if live ended

80 3if not oo on sending -
BASLAY » '
CARFLE spet ’rarriape retumy’ flap
A 3if £R already semt

BITIR

A,0DH  ;else output OD {carriage return) -

© DUT LOW USRTPD :...fron USART3

- WD

- TR

oe

BAGLAT:

- 18opL:

bCR
JHp
Lba

U

Y

A4 yset ‘rarriage returs’ flag

CARALE :...to § next oyele

H,OBUFERH has address -sf buffer ;
D,80  :DE fas 80
A8 1A has lime poivter

f “sprepare 1 flap

EAL2  3if line pointer is zero provesd -
B “1if wot add 80 :
f S...and gecresent line pointer

LOBPY ;o0 to LOOPI to oveck apain
COLPTR “snmow . shows the repuired buffer -

E,& . y...0et coluss ppintersave t0 E

5,0 sciear D
b - npw HL=H tcolums pointer
A% - oet that. charecter

) LG# USRTPD - ;send 1o USARTS'

INR
oy

. STA

BITIR:

Ret

Wi

- E sincrement column pointer -
A€ and save it apain
COLPTR 2...to COLPTR

A,00H  soutput A (Rine feed) -

© . OUT LOM USRTPD :...from USARTS
S

MoV

. W
. A
- ¥RA
Oy

ST

A ‘sm

;- BIR

H,5TAFL ;H. has status file begining -
E,B. oet line pointer (B} to E

B0 seiear D

B M hes status byte of line pointed
A - siear Rt O to

A . ...store to that status byte
COLPTR “3iaiso clear colusn pointer .
CARFLE - :...and ER flap IR

A, 0FFH " 3sei limepointer to FF- - - -
LINPTR - 3t sean no-line being printed
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- INR
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.. Lpop2

FOND
H

D.
8,0

f,0

3
X0

EOLPTR

. H,STAFL 3HL now shows begining of STAFL - ¢

X

YR
2

1D is now index register ,cleared -
joet that status byte,
1if that byte is 2 :

" 3.s.then proceed to Fm
- selse arcess next status byte

sinresent counter -

- soneck if the rounter kas -

3+eo TEBCHED -6

3if not yet,oo to LOOPS

R X | B ;D‘has line nusber now in A also . -
- LINPTR :

1line number in LINPIR

ystore 3 to the status byte: .
$e0.0f that line :
selear R to O to- -

t...clear colusn pointer and
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- UNIVERSIL -MERSUREMENT. SYSTEM . -

FUNCTION .
PLY DAL
INWT

- OUTRUT
BLOBALS -
CALLS

XRA

STR

L 21
1t

0P
Fop

Pop

" CDNTROKLER WITH 6PIB

i FILE NBE  : FBOOIA.50¢
1 WODULE DEF. t SERVIEE DF RST 7.5 -
/& *DATE

L APRIL 135 1986

NONE '
WNE*

m .

SYSFIL- ™

NONE

S s se 68 En % en s
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PRTETR

-, 104
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UNIVERSAL HERSURB!EN}'SYSTEH e

“CONTROLLER WITH SPIB
- EDITOR

EDOO1R. 503
EXECUTIVE

NE 15 1986
ILHAN NEDIK ALP

sn on ou o

NOE - EDITEXEC ©

PUBLIE EDEKD

EXTRN  EDSCAN.

EXTRN EDSTR™

EXTRN IRCR

LINESTR EQU - BOOOH -
SONCINE EBY &0
CONCHAR S EBH . 32

£5E6

o
STA.

-
. 2
I

wI

o

err

J’z .

. bAD

C R
Nz

we

NOIDL:

W
St

"PROCEDURE ¢ EDCMD
FUNCTION ¢ EXECUTE THE EDITDR mzmres

. PiM DAL
INPUT
BUTRUT
SLOBAS
CRLLS:
DESTROYS .

T NONE
NONE
NONE

s en g8 su g

L

Al
EDSTA

FRERRRARERAE

i

oA

l
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$PAGEWIDTHBOY ,
/m&mmm‘

& .
o UNIVERSHE - MERSLIREMENT SYSTEM - 3
B 'CONTROLLER WITH GPIB "
B =
I ) EDITOR ¥
- : 1
¥ FILE NAKE ¢ EDOO2P.S12 (23
s NODIEE DEF,” ¢ REALIZE EDITOR FUNCTIONS ©. /.. ®¢ -
= DATE ¢ JULY 13 §986 13
13 smuen t ILHAN NEDIM AP - . L33
= Ty

R R R FRE R E R R/,

ILETR,
FEDSTA) BYTE EXTERNAL; - -

; DECLARE LINE(Y) STMWRE’(

LEHARE3ZY - BYTE) EXTEM

ji»'!)ECU!RE WBLFER{32} BYTE E.!TEM

' DECLARE CONVIE) BYTE EXTERNALY

: DECLARE DISRUF(Z3) BYTE EXTERMAL;

| DECLARE (1,J,K) BYTE;

| DECLARE NLINE LITERRLLY' 60",
CONCHAR - LITERALLY'3D,
. RUBDUTALL LITERALLY 7R,
i SPRCE - LITERALLY 20H', - -

¢ ESARE LITERALLY' 1BH?

MRRI%E‘SRET{}M LITERRLY OB,
« 'BEBIMSSTRIE LITERRLY PRDCEDURE PUBLIC; )
: 'ET%E'I a LITERALLY BETCH 3 -

f"ﬂEﬂ.ﬂE-ERRﬂR{E) BYTE DATR {ODH, ’ERRGR’ @)
* DECLARE TRYSAGAIN{¥) BYTE DATA {0DH,? PLEQSE TRY SGQIN’ 0)‘-

:"DECLARE PROMPT (¥} BYTE DRTA {0DH,"¢,0);
" DECLARE LINEFREE(#) BYTE DATA ¢’ LINE{G) FREE', 0)‘ B

. DECLARE BEEP{®) BYTE DATR {071,0);

- DECLARE NOIDLELINE(#) BYTE DATA {ODH,’NO IDLE LINE' S0

¢ DECLARE CR{x} BYTE DATA (0DH,0);

DECLARE SPte} BYTE DRTA {2040}y -

;- DECLARE LEDIT(#) BYTE DATA {0DH,’LINE ED}TGH’ 0y -
" DECLARE MES1¢k} BYTE DATA {004, TYPE LINE NUMBER’; 0}

-.. DECLARE MES24#) BYTE DATR (0D, PRESS RUBDUT KEY FDR CLEAR AL LIKES’ @

* DECLARE MES3{e} BYTE ‘DATA {0DH,’ PRESS  SPACE "FOR RETURN LINE EDITOR', 0)'

{ "DECLARE ESA (e} BYTE DATA (ODd,’PRESS ANY KEY TD EXIT".0);
" DECLARE DELETE(®) BYTE DATR {084,20H,084,033. .0 -

- DECLARE EXCEEDED{®)  BYTE DATA {0DH, OUT OF RANGE’,0); -

* DECLARE FIRL(®) BYTE DATR (ODH,’ND MORE IDLE LI?E’ 0y



-DECLARE BS{x) BYTE DATA {08H,0); .
DECLARE -WARIT{®} BYTE DATA (ODH, WRIT’, 0)‘ i

A BIHQSC PRQIDURE(M%) EXTER&OL;
- DECLARE NUMBER BYTEY
END BINASE:

CRATOUT: PROCEDURE {(RSGHADRY EXTERML
- -DECLARE !!SSGA!}R RDDRESS' :
- END ERTBUTS

- WRMRIT<PROCEDURE EXTERNR:
T END WRMAITy -

EHEDKSKEY PRODEDURENEYNO) BYTE EXTERMAL; -
- DECLARE KEYND BYTE;
END CHECKSKEY:

© GETCH: PROCEDURE BYTE EXTERNA:;
- END BETKEY;

. FILTERY PROCEDURE (STRSPTR, CNT) EXTERNAL;
" - DECLARE STRSPTR ADDRESS;

- DECLARE ‘CNT ADDRESS;

" BND FRIER;

KWBD PRSCEDURE(SMR LENGTH,DESQ!}R) EXTERNAL
“'DECLARE {SRCHADR, DESSADA) ADDRESS;
DECLARE LENGTH BYTE; .

“END WOVED;

PROCEDURE ‘¢ AUTSCHR™ » .
" FUNCTION ¢ PUTS THE CHAR, INTD MBLFER
PLM DREL T DAL SUTSDHR
CINPTS @ NDNE o

QUTPUTS ¢ NONE ©°
© BLOBALS ‘:msmn '

o e e e W

RIS ¢ ERTOUT

.4

PUTSCHR: -PROCEDURE. PUBLICY

- HRFER{COLUNE) = (EV;
© COLUMN = COLUMN; . o
T IF-COLUM )= 30 THEX -
" CALL CRYBUT{.BEER);
RETURN: \ v

END PUTSCHR;"-

mfmmm-y-'mm

" PROCEDURE ¢ TRY

FINCTIDN - ¢ SEND ERRDR” ESSKS 3112 CRT
Ptk £ALL ¢ £ALL TRY

INRUT -8 NONES

CBUTRUT L NDIE T

BLOBALS ¢ NDNE- -

ORLES 3 CATOMT -



o
“TRY: PROCEDURE PUBLIC;
. CALL CRTOUT{,ERROR); -

;- DRLL CRTOUT{, TRY$AGAIN}; |
- CAtL ERTDUT{. PROMPT) ;- -

. EDSTAe4; ~

T RETURNY _

BOTRY; - |

& STATE ¢ EDSO01 : :
e FNETION : .

‘& ENTERS. & EDSCON .

¢ EXITS -t EDS002, EDS004, EDSO0S ..

x o

& .

£D5008¢ BEGINSSTATE

CALL CRTOUTLLEDITYY
- CALL CRTOUTL.CR);
" CALL FILZERL.CONV{O), )3 -
CUCALL BINASCUIDLCTR);
. CALL CRTOUTLEOWION *
¢ DAL CRTOUTL.LINEFREE);
[ CALL CRTOUT(.MESIYS
t CALL RTOUT. PRORPT); ?
© CALL CRTDUTH.SPYY
-~ EDSTAR4;

m:o.
- RETURN; \
END EDS0O13 - - - ¢

fm&mmm~ w
“STRTE ¢ EDB00S

BNTERS ¢ EDSO01, 16003
EXITS'™ ¢ EDS0O5

mmmmin

o
EDS00&¢ BEGINSSTATE

R "K=£1-E0{$KEY(KE\‘)'
LINESND=0s

DB CRSE K3

. fe Other © &
Rt TRY; '

" f& Bavw Spave 1) !-/

- CALL ERTOUTLSP);

© fe Carriape Retum 42)

. B

' LHESN!H)

- EDBTAREY

-~ . #% Espape (3} #

#% Space Bar {4) ¥/

FUNCTION t BETS THE FIRST DIGITOF LINE MHBER



EALL CRTOUTELBS)y - - <
f¢ Characters {5) &

CALL CRTOUTS.DELETE)S .-

- /& Digits {6} ¥/
m-. .

f. uteé.w:(m AND OFH) £10;
. m‘ .

#% Rubput {7} #/ -

DAL TRY:

. /% Cursor Right - {8) &/~
Rl ERTIITS.BS):

© @Dy e END OF DO CRSE &

KEY=0: :

. END EDS004;

Cw

TR

N
*

'STATE ¢ EDSOOS

FINCTION ¢ 6ET SECOND DIGIT OF LINE mﬂ
ENTERS ¢ EDSO04

EXITS™ ¢ EDS004,EDS006

&

: -EDSO0St BEGINSSTATE

KEY=BETKEY; -

-~ K=CHECKSKEY{KEY) 3
DB ERSE K3l -

~f% Other {0} &

CCALL TRY:

e
> CALL ERTOUTL.SP);
" DAL CATDUT(DELETE): -

7% Bark Space {1) *l

© EDSTA=4;

/% Larriape Reia.m {2) ¥/
0oy .

3 LI’EKH.I?E?NQ/ 10'

EDSTARE; -

- oo

I Eseane 43} #F

/¥ Soace Bar {8} l-/ :

~ ;DAL CRATOUT.BS);
i f& Chararters {5} &/
: “EALL TRTDUT, DELETE);

f® Dipits (b} #/ -

:m‘ .

LINESNOSLINESND ¢ {KEY SND OFH) ;-
IF LINESND } 59 THEN
m-
I CALL CRYDUT{.ERROR);
T DMLl CRYDUTY, EXPEEDED)S - -
¢ DALL CRTOUTY. TRYSRBRIND;
. CALL CRTDUT(.PROMPT); -
. _Iv .EDSTM‘

D pms

- ELEE

| EDGTAE;



ENDy
£% Rubput (7} #/- -

. CRLL TRY:
© /% Cursor Rioht (B) #7 -
DAL CRTOUT(.BS):
. ENDy - /% END OF DO CAGE %/
. KEY=0'

RETURN:
- END EDS00S;

"
o

5006
PREPARATION STATE FOR LINE EDITING
EDS007-

2

EXITsT

ok oo

L 7 S
. ED5006: BEGINSSTATE
L CALL CRTOUTLERYS -
- EALL FILZER(, CONV{0},6)3
 CALL BINASCILINCSND):
. CALL CRTDUT(.SP);
CALL CRTOUTL.CONVION Y -
.CALtL CRIBUTL.5P);
" DRLL FILZER{.DISBUF{0),33); . :
: -~ CALL MOVBD{, LINE (L INESND) u,.l}lSB!F(O))' ;
- DALL ERTOUT{, DISBLF0}); -
T EAtt CRTOUTY. PROMPT):
" OALL CRTOUT{.CONV(0}}: -

¢ -CALE CRTOUT, 5P} 3
©EAL FILTER{ WBLFERIO) NCHAR) :
. COLUMN=03 :
REDSTRA=BY *
EDSTRETy - ¢
RETURN;
- END EDS0064
: lmmmmm~ ¥
~#. STATE - ¢ EDS007 s
€ -FUNCTION s COLLECT CHARRCTERS -
T # EXITS 7 ¢ EDS008 -
* o

oo
. EDSO0T: BEGIMISTATE

IF COLtmN } 31 THEN -
1
EDSTA=8; -
RETURN; .~
¢ KEY=GET$KEY; ~
© K=DHECKSKEYIKEY): -
DB ERASE Ky
/& Bthers {0} &/
" RETURN;
. #% Back Space {1} &/
i .4m‘ ;
IF oLt 0 THEH
" 90;



EOLUMY = CBLUMN - 13
- WBUFER{COLUAN) = 07/
= BNy
;. ELSE ;
entt CW('.‘SP)'
END; :
/% Earriage- Retum ¥2) L4 -
- By
IF COLiMN=0 }'HER
228 W!.LINE(LI}EM};LM(G),Q,.mi!-‘ERfO))'; '
DO I=COLUMN TD 315 -
- WBUFER{I)=0;

/I- Excape (3} &/
o; :
: IF EOLUMN € © THEN
DD
£°pB I=COLUMN T8 31:
o MBIFER{I} = LINE{LINCSND), LCHQR(I)' i
END- B
REDSTR=0y - -
£L5E
> EDBTRRD; -
;BN .
© . #% Space Bar A8} #f
ll- Chamcters 15). b‘
* . /% Digits 16} ®
£ "CALL PUTSDHR; !
P fE Rubout -47) !-/
. BBy
08 =070 3}- R
. WRUFERLD) = 0- ‘
M- T
: EDSTM‘
3 l* Cumr Right (8} L 74
. m‘ A
PR CRTM( Bs): -
IF LINEILINCSND), LC&M(M&.&M i (HHEN

S Dy
KEY=LINE(LINESND) LOHRICOLUN <

- DISBUF(0)=HEY;
© DISBUF{)=Dy- - - -
DAL CRTOUT{, DISRUF(0)}3

* DAL PUTSCHR; ¢

-ENDy g

o ENDy  ## END OF B0 £RSE #/

- KEY=0;

" RETURN;

END EDSO07; © -



.- & " STATE ED5008 ~ X
WRITE INTO THE URE
EDS007

ED5009 %

£
_(-FLNCTIBN
!‘EB‘TERS
Tk
¥

 en es o

EXITS -

EDSOGB: BEGIMGSTATE
v DG"!=07031- a
LI?E(LHEN}} LMR(!)%.FER(I)-
- CRLL WAWAIT:
IF Rmsm OTHER
By
LINESND =03
* EDSTA=0;
. RETURM: o

. EMDy -

LINESNO=LINESND+Es
; IF LINESND } 53 THEN
. ELSE '

E}STQ:S-.
. -RETURN:

END EDS008;° -
/mmmmm
. % STATE - ‘EDSOOB ‘

* -FINCTION
. & ENTERS
T ® EXITS

s

 EDS009: BEGINSSTATE
" CALL CRTOUTLFIRE); -
" CALL CRTOUT(.MES3);
- CALL CRTOUT{.MES&); -
: M.LCRTM(.PRGHPT)‘ ‘
IF KEY = Mm
po;
. CALL CRTOUTY, MESY):
" CALL CRTDUT(. PROMPT); -
~"EDSTHFE;
A
ELSE :
EDSTA=0; - -

/mmmm
t 'STATE EDSG!O
¥ FMIDH

- & ENTERS -
& EXITS
'3

a sr e e
.

L

*

| EDSO$0¢ BEGINSSTATE

o OBD I=0 TONINE-D; -

- DB J=0 TO NCHAR-13
LINECE), LEAREDI=03



AL HRMATT;
END;

. ENDy

CALL -CRTBUTL. MES3Yy

. CALL CRYOUTE MESS) s

: MCRTMT{.PRUHPT)‘

KEY=BET$KEY; ‘
IF KEY = SPAEE THEN -
EDSTR=13

EDSTA=0;
IDLETREG0; - -
KEY=0;
CORETURN;

: END EDSO!O‘

i
¥

-
B

B LA

STATE - @ EDSONt
FUNETIDN ¢ .
ENTERS
EXITS -

&

L I B B B

; EDSO11¢ BEBINSSTATE

EAlL CRT!!}H.M}*}DLE&IPE}' i
"CALL ERTOUT(, MES2) 3 ;

'?‘ CALL CRTOUTL.MES3)y

CALL ERTOUTL. hESé)‘ .

T CRTM(.PRMPT)' "i

"EDSTA=0;

l’ KEY=BETKEYy"

“IF KEV<SPACE m
;-
IDLETR=0;
EDSTAE13
Em.
1F KEY-RUBGUTALL THEN
m-
CALL CRTBUTY, mm- =
© EDSTA=10; '

oy
o KEY=0y

RETURN;

. EXD EDSO14;

-PROCEDURE ‘¢ EDSCAN
FINCTION ¢ MEST}EEDITIM}STSTES

3.7 %> TR ;
INPUT - - ¢ NONE
TRTAT e

BLBBALS



- BENDs
. END EDSCAN;

/m&mmmm} ;'f}

. END EDITOR1;



- $PRBEWIDTH{BOY .- '
/&mmmm~ =

Ty o
LA UNIVERSAL -MEASUREMENT SYSTEM - - o
C ‘. CONTROLLER WITH GPIR k-
HE LIST =
- ¥k FILE NE  ~ 1.45001P, 504 : H
. #¢ PODIRE-DEF. ¢ RERLIZE LIST FUNCTIONS 277 CEE
~# DATE - 1.RLY 03 1986 o
. ¥ - RUTHOR S TLHAN NEDIM ALP ;.
2 ®E

i

LIST1:

0;

DECLARE {EDSTA,
oL,
LINESND,
KEY,

~ IDLLTR,
REDSTA,
81,
FIRST,
LAST) BYTE EXTERWAL;

DECLARE tINE¢1} STRUCTURE(
“LEHAR{ZD “BYTE) EXTERNAL;

DECLARE CONVAG) BYTE EXTERNAL:
* DECLARE DISBUF(33) BYJE EXTERNAL;
- DEQLARE {I,K) BYTE;

| DECLARE RUBDUTALL  ~ LTTERALLY' 7RI,

SPRCE LITERALLY' 204,

. ESCAPE .~ LITERALLY'{BW,
CARRIABESRETURN LITERALLY’ ODH'

© BEGINSSTATE ~ LITERALLY’PROCEDURE PUBLIC,
BETSKEY LITERALLY' 6ETCH' 3

. DECLARE ERROR{#) BYTE DATA {0Dh, "ERRDR’,0);
DECLARE CR(E} BYTE DATA {0DH,0);
DECLARE SP{e) BYTE DATA {20H,0);
DECLARE £XCEEDED{*) BYTE DATA {ODH,’BUT OF RANGE’ 0)‘ :
DECLARE RS{e) BYTE DATA {0BH,0)3 '
DECLARE DELETE{®) RYTE DATA {0BH 20H,084,0);
. DECLARE LIST{#) BYTE DATA {0DH,’LIST FRDN * 0)‘
DECLQRE T{&) BYTE DATR {* 78 7,0);

BINSC: PROCEDURE(NURBER) EXTERNAL;
DECLARE MUMBER BYTE;
END BINASC;

CATOUT: PROCEDURE (MSGSADR) EXTERNALY
DECLARE KSBSADR ADDRESS;
END CRYBUT;



CHECK$KEY: PROCEDURE(KEYND) BYTE EXTERMAL; .
DECLARE KEYND BYTE, :
END CHECKSKEY;

* BETCH: PROCEDURE BYTE EXTERNAL;
© END GETREY;

- FILZER: PROCEDURE(STREPTR, CNT) EXTERNAL;
* DECLARE STREPTR ADDRESS: ™

DECLARE ENT ADDRESS;

END FILZER;

MDYBD: PROCEDURE {SRCYADR, LENGTH, DESSADRY EXTERNAL;
" 'DECLARE (SRCSADR, DES$ADR) ADDRESS; :
© DECLARE LENGTH BYTE; -

END MOVERD; B

JEEEEEEE R E R EE E R EE B EEE R EEEREEEE - -
STATE £ 55001 B
FUNCTION
ENTERS
£XI175

- { S5CR%
155002

™ & N ok M

74 ‘
{55001 BEGINSSTATE

CALL CRTOUT(.LIST);
FIRST=0;
LAST=0;
RI=0;
KEY=0;
REDSTA=4;
EDSTA=2;
RETURN;
END 1550013

PA333223333333333333333333323323 3232222322222 200N
'STATE ¢ 155002 _ o
FUNCTIDN ¢ GETS THE FIRST DISIT OF LINE MMBER .
ENTERS ¢ L55001,155004 -
EXITS ¢ £55003,155001 .

o om ok ow

&
LS5002¢ BEGINSSTATE

KEY=RETKEY:
K=CHECKSKEY{KEY)
LINEENO=03
DB CASE K;
e Dhher {0} #/
boy
CALL CRTBUT(.ERRBR): -
EDSTA=13 -
END; '
/% Baci Spare {1} ¥/
EALL CRTOUTL.5P); .
- & Carriage Retum (2} #/
b, _
[ IF REDSTA=4 THEN
FIRST=0;



LAST=53;
EDSTHRG;
END; '
/¥ Escape {3} ¥
EDSTA=0; '
/¥ Space Bar {4) %/
CALt CRTOUTL.BS):
/¥ Characters {5} &/
- CALt CRTDUTS, DELETE);
© /¥ Dipits {6} %/
m-
LINESND={EY AND OFH) E10;
" EDSTA-3;
eND; - .
/% Rubput {7) &/ . -
bo;
CRLL CRTDUTY, ERROR};
£05TR=13
END;
/% Cursor Right {8} &/
bo;
CALL ERTBUT(.ERROR) :
EDSTR=1;
. ENDs
END; /v END OF DB ERSE #/
KEY=03
RETURN;
END Lssooz;'

;m&&&m&m&&m
v STATE  :'LS5003
% FUNCTION ¢ GET SECOND DIGIT OF LINE MPGER -
¥ ENTERS ¢ 155002 4
¥ EXITS ¢ LSS001,L55004
L 3

¥
L55003¢ BEGINSSTATE
KE\'—SETKEY‘
"K=CHEEKS$KEY{IEY) ;
DOCASE Ky .
/% Bther {0) ¥/
bo;
. CALL CRTDUTY.ERRBR);
' £D5TRRL
BNy :
#% Bark Spare {1} ¥/
Dg-
CALL cRTOUT (.SP)
. CALL ERTDUT (.DELE‘!E)'
EDSTA=2s ’
END;
/l- Carriape Return {2) l~/
bg;
LINEND=L INENO/ 303
" IF REDSTA=S THEX
FIRST=LINEND;
ELSE
LAST=LINEND:
EBSTA=G;
£nd;



. /% Escape {3) ®/
- EDSTA=0;
-~ /& Bpace Bar {4} %/
- ERLL CRTBUT(BS):. -
;- /e Charecters {5} &/
CAtL ERTOUT(.DELETE); -/
/% Dipits {6) &/ - -
m-
LINESNO-LINESND + (KEY AND OFH)- ‘
IF REDSTA=4 THEN
- by .
.. FIRST=LINEND;
EDSTfF4;
END; :
£LSE
- gy
LAST=L INEND;
EDSTR=5;
END;
£1D;
- 7% Rubout (7} &/
bo;
£ALL CATBUTS ERROAY 3~
EDSTA-1;
END;
~ #& Cursor Right {8) #/
;-
< CALL ‘CRTOUTS, ERROR}
EDSTRS; -
EXD; /% END OF DO CASE &/
KEY=0;
RETURN:
END 155003;

1
%§

& STATE
% FINCTION ¢ PREP,STATE FOR BETTING DEST
& ENTERS ¢ LS5003
¥ EXITS 185002 -
3 . .
&/
155004t BEGINSSTATE
DALY CRTOUTL.T):
* REDSTA=S; ‘
EDSTA=2;
RETURN:
END £S5004;

LUT L I 1)

'/mm&ﬂmmwmﬁ .
. STATE £ 155005
- & FINCTION ¢ PREP. STATE FOR-DISPLAY !.I}ES
. ® ENTERS 1 455002 1585003 :
T ® EXITS  t {55006
. .
&/ ‘
. L55005¢ BEGINSSTATE

IF LAST') FIRST AND
FIRST (= 53 THEN



e
IF {AST } 53 THEN
LAST=59;
RI=FIRST;
EDSTR=63
EXD;
ELSE
by
£htl CRTOUTE.ERROR) 3
EDSTA=1;
END3
RETURN;

END L55005; .

F L L T e
“STATE - ¢ 185006 :
FINCTION ¢ DISPLAY STATE
TENTERS ¢ LS5005 (‘
£XI78

mmmmm’

*
. 155006 BEGINSSTATE

. DD I=RI 7O LAST;
-, DALL FILZERL.DISBF, 33); N
© DRLL MOVEDL.LINE(D m,.nxsms:w»- o
- DAL BINRSCID)
" CRLL CATOUTL.CR);
©. CALL CRTOUTY,SP):
CALL ERTOUTL.COMVION 3
CALL CRTOUTA.SP);
CALL EATOUTY,DISBIFI0))}

KEY=BETKEY:
K=EHECKSHEYKEY) S -
b £ASE K;
7% Bther 10} ®f
/% Back Space {1) #/
- CALL TRTBUTI.SPY:
/¢ Carriape Return §2) &/
?
/& Escape (3) &/
BO; R
EDSTA-0;
RETURN;
£,
. #% Bpare Bar {§) &/
£ALL CATOUTY.BS):
.« f& Chamacters {3) #
U
. DAL CRTOUTY.DELETE);
- JF KEY="R’ THEN .
o;
- EDSTARS;



. FIRST=0y
©LAST=H9; ..
: EDSTR=3;
= RETURN;
END;
by
/% Digits (6} &/
CALL CRTOUT{,DELETE);
#% Rubout {7) ®/

-

fe Carspr Ripht {8) &/

-
k]

* ENBy /e END OF DO ERSE &/
- KEY=03 .
END;

EDSTARO;

RETURN;

END £55006;

13
& FINCTION @ ROUTES THE LISTING srm’ss
TR OPLMEAL t NONE -
C ¥ INRYT 8 NONE
R GUTRUT ¢ NDNE
% BLOBALS ¢ LS5CAN
£ DALLS $ AL 155...

. LESOAN: PROCEDURE PUBLIE:

DB CRSE EDSTA;
RETURN;
EALE 185001;
CRLL 155002
CALL LSS003;
CALL 1550043
OALL 155005 -
ChALL £55006; -

END;

END { 550N

AR EE LR R -
" PROCEDURE ¢ LSTEMD :
FUNCTIBN ¢ EXECUTIVE OF LISTING
INPUY
BUTRUT
BLOBALS
- EALLS
&

n«*mm*mm

. "LSTCMD: PROCEDURE PUBLIC;

EDSTAEL
L5L00P:
CALL 1 SSCAN:
" CIF EDSTA () O THEN -
BOTD LSLOOP;
RETURN;



END LSTEMD;
Py Ty T TTTPT TS T T Y A

| END LISTY:



= fra
23 UNIVERSH. MERSUREMENT SYSTEM: B
123 CONTROLLER WITH GPIR 23
* 1
33 COMPILER 123
* \ ' =
& FILE NAME ¢ CPOOLR, 507 ¥
£ MODALE DeEr, ¢ COMPILATION ROUTINES £33
#® DATE T QLY 28 1985 13
£ AUTHOR ¢ ILHAN KEDIM ALB e
= T

JHPFLE) BYTE EXTERNAL:

DECLARE LINE{S) STRUCTUREL .
" LCHAR(32) - BYTE) EXTERNAL;

DECLARE CONVE) BYTE EXTERNALY

DECLARE BEGINSSTATE LITERALLY? PROCEDURE PUBLICS®,
GETHREY - LITERRLLY'BETER ;-

DECLARE CR{¥) BYTE DATA {ODH,0);

DECLARE £OMP{#) BYTE DATA (ODH,”CORPILE FROM 7,0}y - -

DECLARE BEGIN®) BYTE DATA {ODH,” RUNNING',0);

DECLARE FOUND{®) BYTE DATR {' ERRORIS) FOUND®,0);

DECLARE NOERR{®) BYTE DATR (0DH,'NO",0);

DECLARE: FINISH(®} BYTE DATA (ODH, ' CONPILATION FINISHED' 00

DECLARE NOFIL{®) BYTE DATR {0DH,'EMPTY FILE 4AS BIVEN o;-

- DECLARE GDON{E) BYTE DATA (0DH,’ PRESS (Y} TD EXECUTE THE PROGRAY’ 05
DECLARE ANY(®} BYTE DATA (O, PRESS ANY KEY TD EXIT’ 0);

BINASC: PROCEDURE (NURBER) EXTERNAL;
DECLARE MP@ER BYTE;
END BINASC:

CRYOUT: PROCEDURE{MSG$ADR} EXTERNAL;
DECLARE WSESADR ADDARESS;
END ERTOUT:

FILIER: PROCCDURE{STRSPTR,CNT) EXTEANAL;
DECLARE STREPTR ADDRESS;
DECLARE ONT ADDRESS; -
D FILZER;



#OVBD: PROCEDURE {SRC$ADR, LENGTH, DESSADR) EXTERNAL:
DECLARE (SRO$ADR, DESSADR) ADDRESS:
DECLARE LENGTH BYTE;
END PRVED; ’

CHISLINE: PROCEDURE {LND) EXTERNALY
DECLARE LND BYTE;
END CHKSLINE;

EMPTY: PROCEDURE (STRTADD) BYTE EXTERNAL;
DECLARE STRTADD ADDRESS:
END EHPT‘I' .

GETEH: PROCEDURE BYTE EXTERNAL
END BETCH;

INTERPRET: PROCEDURELN) EXTERMAL;
DECLARE LN BYTE;
END INTERPRET;

ERRMSB: PROCEDURE(TYP) EXTEM
DECLARE TYP BYTE:;
END ERRMSG;

1 55002: PROCEDURE EXTERRAL:
END L55002;

155003 PROCEDURE EXTERNAL:
END L55003; |

155004 PROCEDURE EXTERNAL 3
END £55004;

£55005¢ PROCEDURE EXTERML'
END £ 550053

- £P5001: BEGINSSTATE

Chtl CRTOUTY.COMPY;
FIRST=0:
LAST=0:
Ri=0:
KEY=0;
REBSTR=4;
ED5TR=2;
RETURN;
END £PS001;

fﬂmﬂmmum&
¥ STATE - ¢ £P5(M6

¥ FINCTION @ COMPILATION STRTE
. & ENTERS =t EPSOOS
& EXITS ¢



.

74
£PS006¢- BEGINESTATE

CALL CRTSDUT{.BEBIN)s
IDLETR=0; : :
KEY=0;
ENDFLE=0;

DO LINESNO=FIRST TO LAST::
 IF EMPTY (. LINE{LINESNO). LEHARIO)) ) O THEN
© 7 by 3 _
KEY=1:
© EALL CHKBLINE (LINESND)
BN i
END; -

- IF ENDFLE = © THEX

o )

. LINESNO=LINCSND-1:
CALt ERRMSE(T):

END;

IF KEY (} © THEN
o; _
IF IDLCTR=0 THEN
Do; ' ‘
- CALL CAT$DUTL.NDERR): -
. ENDFLE=0: T
- EDSTAET;
END;
g5
bg;
© CALL ERTSDUTL.ER):
7 CALL BIMRSC{IDLCTR)
- CALL CRT$DUT{.CONV(0Y) 3
. EDSTA=0;
END; :
Crid CRYSOUTL, FOIND) 3
£ND;
ELSE
Das ,
Cht ERTSDUTL NOFILY s
ED5TA=0;
ENDy
Chs CRT$BUTLER):
CALt: ERTSBUT(, FINISH):
 ILETR=0;
KEY=03
RETURN:

"END "£P50063

FEE R LR R - :

- & STATE- ¢ TPSOOT7. o ‘
¥ FUNCTION ¢ PREPRATIDN STATE OF INTERPRETER !

& ENTERS ¢ £PSO06 A ‘ R

® EXITS  : CPS0OB,CPS000 . |

E :

&/



- £PS007: BEGINSSTATE

CALL ERTSOUTE BOOND 3

CALL CRTSOUTL.ANY)D 3
© CALL CRTSDUT.CR);

KEY=BETHHEY;

IF KEY="Y" THEN
EDSTASB;
EL&E
EDSTA=0;
RETUMN;

END CPS007;

J R R EE R R R R R R R E
& STATE CPSO0B | S
* FINCTION ¢ INTERPRETATION STATE  :
* ENTERS ¢ CPSOO7 Lo
¥ BTS¢
¥
Yy
- £P5008¢ BEGINSSTATE

LINESND=FIRST:
DO WHILE LINESND (= LAST; \
IF EMPTY(, LINC(LINESND) . LEHARIO)} ) © THEN
o '
- CALL INTEAPRET{LINESNDYS
IFENDFLE O © THEN
oy ' :
- ENDFLE=0;
IBPFLE=0;
£057A=0;
- RETURM;
s
ND;
 LINESNOLINESND¢1:
END;
EDSTA=0;

RETURN;

& PROCEDURE ¢ CPSOAN
¥ FUNCTION @ ROUTES THE LISTING STATES |
EOBNCAL tNRE ;
£ INPUT NONE
3
[ 3
)

BUTPUY NBE
BLOBALS ¢ CPSOAN
EALLS - ¢ ALL £P5...

CPSCAN: “PROCEDURE AIBLIC

. DD CASE EDSTA;
- RETURN; -
TALL £PS001s . -
CALL £55002



CALL £585003;

CALE £550043

ERLL LSS005;

. AL CPSOO6;

CALL £PS007s

CRLE CPS008:
Endy

END CPSCAN:

FEE R R LR
PROCEDURE : CPTCHD- ‘

FUNCTION -« EXECUTIVER OF COMPILER ~

P £t
-~ INRST
BUTAUY
-BLOBALS
CALLS

m o M OR M Ok M

e #s s en e

74
£PTEMD: PROCEDURE RUBLIC:

£D5TA=13

£PL0op:
CALL TPSEAN:
IF EDSTR {} © THEw
. B0TB CPLODP;
RETURN;

END. CPTCHD;

AR R R E R R EE, )

END £DMP1Ly



PRGEWIDTH{132}

%
i

+ S R 2 20
+ INIVERSAL MERSURCMENT SYSTEM -~ & -
+ - CONTROLLER WITH BPIR "
+ £33
* COMPILER *®
+ & -
+ FILE NWE ¢ CPOO2P.S03 - S
+ MODILE DEF. ¢ COMPILATION SUPPORT ROUTDNES  #+
+ DATE ot JULY 3% 1985 T
# PUTHDR ¢ ILHAN NEDIM ALP E
k2 **

g

op2:
LN
ECLARE {EDSTA,
0L,
. LBESN,
. KEY,
. IDLETR,
" REDSTA,
RI, '
FIRST, =
LAST, ,
ENDFLE, . .
_ JMPFLE) -BYTE EXTERNAL;

CLLARE LINE{S) STRUCTURE( = . :
LEHAR{3Z) ~ "BYYE} EXTERNAL;

ECLARE CONVIG) BYTE EXTERNAL; -
ECLARE DISBLF{33). BYTE EXTERNL;

ECLARE PARTEL{x) BYTE DATA (15,2,
311’3,101,1,7“7,0’,_._.7’2,3{_:,3,
,_7,3’:}:,é,1p7,5,s57,6’1c1,5,

TEL0,7R,4,787,4,7R 57D, 5);

ECLARE ERRMESO{¥) BYTE DATA (ODH,’SYNTAY ERROR IN 7,00y

CCLARE ‘ERRNESI (k) BYTE DATA {0DH, UNRESOLVED INSTRUCTION IN *,0);

ECLARE ERAAES2(E} BYTE DATA (ODH,WRONG DPERRND IN 7,003 :

ECLARE ERRMES3(®) BYTE DATA (ODH,” UNEXISTENT VRIABLE IN 7, 0); .

ECLARE EARMES4(E) BYTE DATA {ODH,’UNTERMINATED INSTRUCTION IN °,0);

ECLARE ERRMESS{®) BYTE DATA (0D, *MISSING BUDTATION IN * 0);

ECLARE ERANESG{e) BYTE DATA (ODH,” INVALID CHORACTER IN °,0);

ECLARE ERRMEST{x) BYTE DATA {0D4,”END NOT FOUND IN *,0);

ECLARE ERAMESB{®) BYTE DATA {ODH,’DUT DF RANGE NUKBER IN 7,0}y

ECLARE ERRMESI{E) BYTE DATA (0D, HRONG DATR TYPE IN *,0); -

ECLARE NEAR(E) BYTE DATA £ NEAR *,00:
ENASE: PROCEDURE NUMBER) EXTERMAL;
DECLARE NURBER BYTE;
END BINASC;

RYOUT: PADCEDURE{RSEHADR) EXTERNAL:
DECLARE BGGHADA ADDRESS; :



END CRTOUT;

CHECKSKEY: PROCEDURE(KEYND) BYTE EXTERMAL;
DECLARE KEYNO BYTE;
END CHECKSKEY;

. FILZER: msetsmm,M) EXTERNAL;
© DECLARE STRYPTR ADDRESS;.

DECLARE ENT ADDRESS;

€40 FILIER;

HOVBD: PMSSM&LMDEBADR) EXTEM
© ° " DECLARE {SRCSADR, DES$ADR) ADDRESS;
 DECLARE LENSTH BYTE;

R

" END HOVRD;
/m&m&t—mﬁmm&m
" PROCEDURE ¢ ERRXSE '
FINCTION ¢ DISALAY COMPILATION ERROR ?ESSASES
PiM CRLL ¢ CALt ERRMSGIERR$TYP)
INBUT ¢ ERR$TYP.. DISPLAYED ERROR TYRE
BUTPUT ¢ NDNE :
BLOBALS & EONY
CRits t BINASC, CRYOUT
&

ERRMGS: PROCEDURE(TYP) PUBLIC;
DECLARE TYP BYTE;

BB CASE TYP; .
£ALL ERTSDUTL. ERRMESD) 3
DALL CRTSDUT{, ERRMESL) 3
DALt ERTSDUT{. ERRMESD);

.- CALL CRTSDUT{ ERRMES3}); -

 CRLL ERTSDUT{ ERRIMESS); -

- CRLL CRTSBUT{.ERRMESS);
CALL ERTSDUTY, ERAMESE) s

. DAL CRTEDUT{, ERRMEST);

" CALL CATSDUT{.ERRMESS); -
Ot CRTSDUTS ERRMES3); -

- ENDy
. CALE BINSASCILINCSND)

CALL CRTSOUT CONVHO));

DAL CRT$OUTL NEAR) 3

£t CRT$OUT(. DISBUF{0));

IR CTR=IDLETRS

RETURN:
END ERRMSG;
}m&ﬂﬁmmmm
& PROCEDURE t CHKSDATA ‘ :
¥ FUNCTION ¢ CONTROLS THE DATA FIELD
. PiwpAL U ERLL c&mmm
¥ INPUT 8 NONE '
¥ QUTRUT - ¢ ERROR HESSASE TO ERT
¥ GLOBRS ¢ DISBUF
€ ODRIS T NRE



. EHKSDATA: PROCEDURE AUBLIC:
DECLARE 1 BYTE:

- IF DISBUF{3)  22H THEN
CALL ERRMSBIS):
FLSE -
Do; -
BB I=4 70 3t
IF DISBUF{I} 0.0 THEN
oy .
IF DISRUF(I} = 224 THEN
no: C ,
IF DISRUF{I¢1) } O THEN
. DAL ERRMSBIE}y
RETURAN;
: END;
. " END:
Coas
bo; S
¢ CALL ERR®SE(S):
CRETURN;
END3
END;
£ALL ERAMSE(S);
END3

END CHKSDATA:

& PROCEDURE ¢ CHKSDIG
& FINCTION : CHEDKS THE RANGE OF DIGIT OPERADS
B OPLMCAL T DAL CHKSDIBITYR) |

¥ INMWT ¢ TYR.. DIGIT OPERAND TY

e ODUTAUT @ NDKE L

¥ GLOBMS ¢ CONY :

3

CALLS & BINASC, CRTOUT

CHYSDIG: PROCEDUREYP) RURLIC;
DECLARE {¥P DISIT) BYTE;
. DIGIT= (DISBUF{1) AND O3H)ES0+(DISBUF{2) AND OBH);

DB CASE YP;

bo; :

IF DIBIT = 32 THEN -
CALL ERREXSG{8) s

ExD;

by

IF {DIBIT } LAST) DR {DIGIT ( FIRST) THEXN

- T CRALL ERR$MSE{8)
END; ’

END: /+ END OF DO CRSE ®/

RETURN '

END CHKSDIS;



) /w&mmmmm*;

L N N N N B A

PROCEDURE ¢ VALIDSDIG :
FINCTION ¢ CHEDKS THE DATA ARER WHETHER THEY ARE
*DIBITS OR NOT
LM CALL ¢ AL VALIDSDIE
Tt NOE »
DUTRUT ¢ NONE
BLOBAS t MIME
CALS ¢ CHKSKEY, ERRMSE
Y

VALIDSDIB: PROCEDURE PURLIC,
DECLARE {DIB,X) BYTE;

DB K=4 70 29;
© DIG=DISBUF{K);
IF DIG ()} O THEN
tith
IF DIG (} 224 THEN
by
IF CHECK$KEY{DIB) (} 6 THEN .
Bo;
CALL ERRMSG(9); .
RETURN;
END3
END;
RETURN:
O
RETUAN;
END;
END VALIDSDIS:

/mm&mmm

PROCEDURE ¢ CHKSTYP
FUNCTION ¢ CHECKS THE TYPE OF spmm
BLM CALL  t DAL CHKSTYPLTYRE)

INRUT t TYPE.. TYPE OF OPERAND

QUTPAUT ¢ ERROR MESSAEE IF IHPROPER mg EXISTS
GLOBYS ¢ MNE
IS ¢ ERRWSS, CHASDAT, mmxs

ﬂt*ﬂ'***ﬂl

Y
| CHKSTYP: PROCEIURETYRE);
DECLARE (D%, 02, TYPE, I} BYTE; =

DP1=CHECKSKEY {DISBUF 1)) 3
- BP2=CHECKSKEY (DISBUF 12} 3

DO OASE TYPFE:
/€ Type.. 0 W3
m.
IFOPL O 6OROP2 0 6 THEN
CALL ERRMS{2):
ase ,
© IF DISBUF(3) {} © THEW
" CALL ERRMSGIB):
¢ IF DISRUF(0) = *J" THEN
CALL CHKSDIB(D);



END; :

/% Type..1 1.8 %
m‘ .

}FDPI {} 6 OR BR2" l)STHEN
- . CALL ERRMSE{2}:
~ ELSE ‘ _
o CALL CHR$DATA:
© CRLL CHKS$DIB(O)y -
- IF DISBUF{0) = '’ THeX

m.
. IF DISBUF{4). (-85 DR DISBUF(&) 390 THEN:
. - CRLL-ERRMSE(Z) 3 g

/% Type,,2 = &/
by - : :
IFOPL (> 4DROP2 () 5 THEN: |

"CALL ERRMSE(2):

- ELSE
By

}F DISBUFD) ) 7K' AND

J T DISRF{2) 3 7L THEN

- DAL ERRMSBE3):

EALE CHKSDATA; -
. PALL VALTDSDIG;
" OEND:
E’m- .
/¥ Tyne..3 -
. m‘

IF Brt O éDRSPI' (} S THEN
o EALL ERRMSGED)
© ELBE

. N »
IF DISBUF{D} .4} 7K' 'AND. -

DISBUF(2) {) *L" THEN

EALL ERRMSBEZ): .

ELSE
- IF DISBUF{3} ( 0 THEN -
. -~ DALY ERRWSE{6}; ‘
£80;
END; :

/% Type..d HERS® .

b :
IFOPE (4 DROR2C) & TI-ENL
EALL ERRMSE{2): ‘

ELSE
m-
' IF {DISBUF(3). {} O} AND (DIEBUF{0) (} TR} THEN
~CALL ERRMSGI6) 3
"IF DISBUFIQ) =""E" THEN -
. ENDFLE=13
END;
END: :
/& Type..5 P,D,B ¥
. DOy
-~ IFOPL O SOR DR O 5 THEN
‘CALL ERRMSE{2}; .
- ELSe
Bt



IF DISBUF{2) { 85 OR DISBUF(2).} %0 Tﬂﬂ
CALL ERRMSG(Z): K
- IF DISBUF{3} {} 0 THEN -
-
IF DISBUF(S) ¢ 224 M—:N
- DALL ERRWSG(S): :
FL8e
© ORLL DHK$DATAY
oo, _
ENp;
£ND;
7% Type..6. C &/
gy
- IFOPY (3 SOROP2 {3 5 THEN
CALt ERAMSG{2}s -
ELSE : g
0o; :
IF {DISBUF{1) (} *K’ AND DISBIF{1) ¢ *L") OR

- {DISBUF{2} (} *K' AnD DISBUF{2} () *L7) THEN o

© DALY ERRMSB3);
BSse
IF DISBUF{3) () O THEN
" CRLL ERRMSGI6);
By
ENDy -
END; /¢ END OF DD CRSE #/

‘PARSING

PARSING THE INSTRLEUIN
TALL PARSING '
NONE

NONE

DISBUF

CHKSTYR

3
# FUNCTION

. PMCAL

- # INAUT
& DUTRUT
* BLOBALS
® CALLS

. PARSING: PROCEDURE PUBLIC:
| DECLARE (RECENT, ENTONT, T, K, 7P} BYTES

" RECONT=PARTEL 40} 3
ENTONT=PARTBL{Y)
K=2;
D0 I=0 YO RECONT;
. IF DISBUF(0) = PARTRC(X) ‘THEN
De;
- TP=PARTRL{K¢1)s
. CALL CHKSTYR(TR);
" RETURN;
Ny
Ei5E
K=K+ENTENT;
END; ] :
CALL ERRMSE{f);
RETURN;



END PRRSING; -

/H&%mmmm

o . PROCEDURE ¢ CHKS.INE -

% chrm ¢ CHEDKS THE BIVEN LINE AND SEPERATES
e " THE INGTRUCTIONS MHICH ARE GIVEM ms
R SAME LINE v
C® PN ORL ¢ CALL CHYSLINELND);

¥ INRUT $LND., . CHECKED LINE NG - -

& DUTRUT 't NDME :
¥ GLOBALS ¢ NONE .

& CALS .t PARSING, FILIER

¥

CHKSLINES PROCEDURE(LND) PUBLIC; -
© DECLARE {LNO,%,N,D) BYTE;

CAt FILTERL DISBUF(0),33);
Bt
- BEGING DO WHILE W (= 313

DL INE{LND) . LEHRARIM} s -
IFD O 0 THeEN :
ba;
IFD 7 THEN
bo: -
- IF B3 THRR
m- .
~CALL ERRHSS(#) 3
RETURN;
o BDy
DISBUF {N)=LINE(LND). LCHAR(H)' :
- MLy
NeNely
B0 T8 BEBIN;
ELSE
bg;
- IF B0 THEX
i m.

CALL MOVBD{, LINE(LND) . LEHAR(O) SZ,.D}SELF{O))- .

LRkt ERRMSE{0);
. PEURNs

. . ENDy :
- CALL PARSINGY

N=0; -
| EeMHl
. CALL FILZER(. DISBIF{0),33);
~ 0 TO BEGIN;

BLSE
063
IF DISBLF{0} {} © THEN
" , .
Ol ERRMSG{4):
" CALL PARSING;.
End;



RETURN: -
Enpy -

END;
RETURN;
END CHKSLINE:

END COMP2;



4$PABEMIDTH{1I2)
FERERR R E R EE R L EEEE EEE LR EEEREEE

123 _ » O
£ 23 UNIVERSAL KERSURERENT SYSTER L EE
* CONTROLLER YITH &PIB e
3 3 ['ss
1 INTERPRETER 3
*E ’ *
¥ FILE NAME ¢ CPOO3P.503 , 23
% PODULE DEF. ¢ INTERPRETER ROUTINES ®
#® DATE t AUGUST 05 1985 ¥
¥ AUTHOR ¢ ILHAN ACDIM ALP - - 123
33 ©®

COLUMN,
LINESNG,
KEY,
. IDLETR,
 REDSTA,
BRI,
FIRST, -
. LAST,
ENDFLS,
IMPFLE) BYTE EYTERMAL:

DECLARE BETKEY LITERALLY *BETCH ;'
: DEDLARE MLTEL{®) ADDRESS DATA (1,10, 100, 3000}

- DECLARE EXECTBL{®) -BYTE DATA 15,2,
i PO LHL 2300 4
"5 L6, TP, T8,
TP 10,78, 41,78, 127D 13, 7R 1)

DECLARE CR{¥) BYTE DATA 10D4,00;

- DECLARE SP{¥) BYTE DATA {20H,0):

DECLARE BEEP{) BYTE DATA (074,003

: DECLARE C{¥) BYTE DATA {00k, *PRESS {C} 7O CONTINE',0):

_* DECLARE R{x) BYTE DATA (ODM,” PRESS (R} TO RESTART’,0);
. DECLARE E(#) BYTE DATR {ODH,’ PRESS {E) 7O EXIT',0)3
DECLARE PRINTERFAIL{¥) BYIE DATA {O7H,0DH,’ PRINTER FAIL’,0); -

DECLARE LINE{1)} STRUCTURE( .
LEHAR(ZR) BYTE) EXTERNAL:

DECLARE STAFL(6) RYTE EXTERNAL:
DECLARE LPONT BYTE EXTERNALY -

- DECLARE BBUFER{L) STRUCTURE(
OCHR{B0) BYTE) EXTERNAL;

- DECLARE DISBUF (33} BYTE EXTERNAL;
DECLARE INBUF{Z2) BYTE EXTEM; T

- -DECLARE REG{) STRUCTURE(



- CHRIZ) BYTE)” EXTERWA.;
. DECLARE ORUF(28) BYTE EXTERMAL;

" DECLARE LLISTID) BYTE EXTERNL;

. DECLAME TLISTA2) BYFE EXTERML;
 DECLAGE {VAR0, YARB) ADDRESS EXTERNAL;
DECLARE ORFONT BYTE EXTERMAL:

. EXRELV: PROCEDUIRE EXTERMAL; . .
 END EXRECV;

EXSEND: PROCEDURE EXTERNAL;
END EXSEND;

FILZER: PROCEDURE(STREPTR,INT) EXTERMALy
* “DECLARE ‘STREPTR ADDRESS;
" DECLARE CNT ADDRESS;

END FILZER; '

EMPTY: PROCEDURE (STRTADD} BYTE EXTEMQL ’
. DECLARE STRTADD ADDRESS;
END EMPTY;

. WRMAIT: PROCEDURE EXTERNAL;
END HRWAIT;

¢ 'CRTOUTY PROCEDURE {MSESADR) smm;
" . DECLARE MSB$ADR ADDRESS; -
END CRTOUT:

MOVBD: PROCEDURE {SRCSADR, LENGTH, DESSADR) -EXTERNAL; - ¢
;- DEDLARE. {SACSADR, DESSADR) ADDRESS;
: DECLARE LENGTH BYTES ‘

END MOVED;

'GETEH PROCEDURE BYTE EXTERHQL' i
T END GETOH;

COwIN: PROCEDURE BYTE EXTERNAL;
END EONIN; ’

ki)

 PROCEDURE ¢ BETLP

FLHCTIBN : SEARCH AN EXPTY PRINTER BUFFER mn
' " RETURNS 1TS MUMBER

J = BETLP;

-NONE

NONE

STAFL

NONE

fim EALL
- INPUT
suTPuY

. BOBRS
EALLS

LRI BN )

dn 98 sn s s

»
-~

BETLP: PROCETURE BYTE MBLIC;
. DECLARE K BYTE;

K=b;.



IF STAFLILPONT)=0 THEN
m- .
“STRFLILAENT)= 1'
K=LPENTy
LPONT=LPENTHLy ‘
IFLPENT } S THEN
LPENT=03
- END; -
RETURN K3

END BETLP;

ﬂ‘*ﬂ'*ﬂ*ﬂ'*"

. PROCEDURE @ SEARCHSRUOT

FUNCTION ¢ SERRCHES THE SECOND SUOTATION OF DRATA ©
. FIELD AND ZEROS IT AND ALSD RETURNS

THE NUMBER OF CHARAETER

Pim DAL ¢ J=SEQRCH$M: '

INPUT NONE

BUTRUT NUMBER OF CHARACTER

5L0BS ¢ DISBUF

CALLS NONE

®

SEARCH$OUDT: PROCEDURE BYTE PUBLIC; .

DECLARE PT BYTE;

Pr=b3

AGAIN: IF DISBUFIPT) = 204 THEN

L I N N B Y

bo; v
DIS&HPTMO-
RETURN PT:

. END3

. ELSE

bB;

DOPT=PTHL;

60 70 ABAIN;

END;

END SEQRM?;

: COMASCBIN :
FINCTION : COWJERTS THE TWO BYTE ASCIY DIBITS INTD |
THE ‘DNE BYTE BINARY )
3 = COWRASCRIN .

NOIE

INE BYTE BINARY VALLE
DISBF

NHE

PiM EARLL.
INRUTS
BUTRUTS
R OBALS
EALS

‘en om se en e

X

CONVASCBING PRCL‘EMRE BYIE AUBLIEY

: - DECLARE RESULY BYIE;

DISRUF{1)=DISBUF{1) AND ORH; -

. - DISRUF{2)=DISBIUF {2} D OFH;

fESULT=DISBUF{1) ¥10 + DIS&.F(Z}‘ :

- RETURN RESILT;



* BBUF{DBFCAT)=0Dk:

| OBUF{OBFENTH1)=0fs
 * OBFONT=DBFLNT+2;

" DALL EXSEND;

T MAIT INSTRICTION -

™ o W ok R Wk W
o
&

#u en e wn e v oe
[ ]

" WINS: PROCEDURE PUBLIC:
DECLARE {4,484} BYTE;
- "D ¥=D 10 comscnm-
Lo DD WD TD 243
. CRLL HRWAIT;
END;
BND;
RETURN; -

. END WING;

/mm&mm&mmm&&@

L I B A ]

' PROCEDURE ¢ DERINGS

FUNCTION . :DECRQENTSMWG’VARIQBLE
PN AL L NDNE

INPUT & NONE -
CDUTRUT ¢ NDNE

‘BLOBES 2

£RatLs :

*/

- DERINGt PROCEDURE PLBLIC:

IF DISBUF(2) = 'K THEN -
. VARREVARR-1; :
IF DISBUF{2) = "L THEN !
YARB=WIRE-13

RETURN;
END DERINS;

/e&m&&m&&ﬂm&&ﬂmﬁ
- PROCEDURE & INCINS
FUNCTION ¢ INCREMENTS THE CONTENT OF THE VARIABLE -
Piw EaLL -
- BUTRUT
SLOBALS
. CALLS

LI R S N )

N 8 eu S pe Sm o



& PROCEDURE t IINS o .

¥ FUNCTION = REARLIZE (I} INSTRIETIDN
® PN DAL ¢ NDE ' C
C % INPUT t NDNE -

 OUTPHT 1 NDE -

® BLOBAS ¢ DISBUF, TLIST,INBIF .

€ CALLS ¢ EXRECY,FICZER ASCRIN

- TINSt PROCEDURE PUBLIE;
DECLARE N BYTE;

TLIST{0)=CONMASCRIN DR 40M;
TLIST{1)=0FFH;
- DALL FILZER{. INBUF{0),32) 3
CALL EXRECY;
. N=DISBUF{4)-85;
CALL MOVBDY, INBUF0), 32, REGINY, EHR(0) -

" RETURN:

EXD TING;

F ER R R EE R R R EEE
" PROCEDURE ¢ BINS B
FUINCTIDN ¢ RERCIZE (D} INSTRLCTION:
INAUT NONE.
QUTAIT @ NIE
BLOBALS . ¢ DISBUF,LLIST,DBIF
. % CALLS . ¢ FILIER ASCBIN
*/ '

on pu en - se

O

© DINSt PROCEDURE PUBLIC;
 DEDLARE {D,L) BYTE;

L1 IST{Q)=CONVASEBIN BR 20H;
" LLIST{1)=0FFH;

.. DAL FILZER{,DBUF{0), 28)3

DBFERT=03

08 t=4 78 29;
D=DISBIF{L); .
IF B} 224 THEN
bo; : :

IR D, THEN
o, '
+ "{BUF {DBFENT} =Dy
" DRFCNT=DBFONT#Ys



¢ "INCINST PROCEDURE PUBLIC:

IF DISBUF{(2) = ’%X’ THEN
VARA-VARATE '
}F DISBUF{2} = "L’ THEN .
VARB=VARB+1 3 :

RETHRN:

© END INCINS;

/m&mmimmmmm

* % " PROCEDURE ¢ EBINS G
FUNCTIDN ¢ RERLIZIE (=) msm;mm

PLY DAL ¢ NDNE :

CINPUT tNDNE

uTRUT - & h&\E

GLOBALS

£rLLS

****ﬂ‘*ﬂ'

*
. EQING: PROCEDURE PURLIC;

" DECLARE {m, 1) BYTE,
: {VDUM, WY EE) ADDRESS;
My
Iy
D0 WHILE DISRUF(N} O 224y
¢ DISBF M)=DISBIF (%) FD om

SIF D) 4 THEM

=4
. VALUE=0;

D0 MO Iy
. YDLUR=DORIBLE (DISBUF (Ke3) )3
© RLUESWLUEWDIMOULTRC T

. END;

IF DISBUF(D) = 'K’ TREN

. VARA= VALEE . o
IF DISBUFD) = L7 THEN
o VARB= VALLE: -

. RETURN;

- END EQINS;

R L E R -
<. % 'PROCEDURE ¢ JHPINS e
S ® FUNCTION
P PLE ERLL
INT
DUTRT

4 e sn en s e

L I



.!':‘.CQU_S 'ﬁ
oS e
; JMPING: PROCEDURE PUBLIC;

LINESNO=CONVASERIN ~ 13
JHPFLE=13
RETURN:

L . B N B
§ .
“u e se s en e se

+ ENDINSY PROCEDURE PUBL:IE:

© . ENDFLGsty .
JHPFLE=1
RETURN;

[ 4

]

€ Pk LAUL
©o®OINAUT

€ QuTRUT

¥ ELOBALS

& LRLS

e en #n ws S Be On

i EMPINGt PROCEDURE PUBLIE;

- IF DISBUF(S) = 7K THEN -
be; ;
IF VARR '} VARB THEN RETURN;
J#PFLS=!; )
5 HH

ELSE
o .
IF VARB '} VARA THEN RETURM: -
JHPFLE=1;

REKINS

:



EOUTRUT 2
¥ GLOBALS ¢
- & DRLS H
*

- REMINS? PROCEDURE PUBLIE;
:‘ - JHPFLE-L;
RETURN;
END REMINS; -

R R R R R R L R
" PROCEDURE ¢ STRINS ]
FUNCTION
PLE CRLL
INPUT
GUTPUT-
GLOBALS

& CALLS

g

o ok R ok M

. STPINSt PROCEDURE PUBLIC:
DECLARE I BYTE;
TP IS0T09;
© CAL CRTDUT.BEEP);
Ny
£ALL ERTOUTL.C);
£ALL CRTOUTL.RY;
CALL CATRUTL.E}s
- CAL CRTOUTLER)y

KEY=BETKEY;

© IF ¥EY="C'- THEN
- RETURN;
© IF KEY="R' THEN
. LINEND=FIRST-13
LMPFLBRYy
IF KEY="E THEN -
TALL ENDING:

‘? RETURN:
- .-END STPING;

1%%%}%%“%&%.
"PROCEDURE @ DINS o : o
FUNCTION ¢ :

SPE O
INPUT

- QUTRUT
5L0BALS
.CRLLS

ok R o

#% s au P ¢a P

. DINGt PROCEDURE AUBLIE:



DECLARE (1,3} BYTE;

- EALL CRTOUTL.ER) ;
IF DISBUF{3) {} © THEN
. J=BEARCHSOT o
- AL CHTM(.DISBLF“))‘: :
- DRLL CRTBUTL.SP) 5 k
| I=DISBIF{2)-85;
. DALt TRTBUT{.REB{I}.LHR{0));
. FETURN:

. END DINS;

.

PROCEDURE @ BINS .
FUNCTION
TPk CRt
INPUTY
‘BUTRUT
BLOBALS
LS

L I N R LW

fs #% su Ps sn e

x

.~ BINSt PROCEDURE PUBLIC;

CALL CRTDUT(,BEEP);
DL DINS;
RETURN;

. END BIMS;

/W&&mmmm
. PROCEDURE & PINS
FMIW t PRINTS THE DATA FIELD IF EXISTS AMD ™

2T TEONTENTS BF THe: SPEC}FIED REBISTER ~ °

piMERLL .
TINRUT
suTRUT
ELEBRALS
ERLLS

*m*n'nmn'nnim

X

PING PROCEDURE PUBLIC;
DECLARE K, 3, B, 1,L, PV BYIE;

K=SEARCHEDUOT S
J=BETLP;
#=DISBUF {2} -85,
IFJ =56 THN
3y
. DRLL CRTOUT{. PRINTERFRIL) 3
- RETURN;
By
00 I=0 7873
o GRUFER{T). DCHR{TI=20H;
. BNy

=03 :
IFK ¢ & THEN
B



L=K-4;
OALL  MOVED{, DISRUF4), L, DBUFERLY), omw»- %
Pel-f3
. BND;
DALL MOVED(, REG(N) . CHRI0). 32, ORUFER{T). BOHREPY); 1
" STRFL{N=2;
RETURN" .

.. END PING;

' f&ﬁﬂmm&mmm;a
& PROCEDURE ¢ PINBLF . '
& FUNCTION ¢ D}SPLQYS THE INBLF D LRT

& PLM AL
£ INRUT
€ DUTRUT
¥ BLOBAS

. & CRLLS

¥

% ws ea en e

o PINBUF: PROCEDURE PUBLIE:

LI R ]

£ALL CRTOUTLER) Y
CALL CRTBUTL. INBUF{0}) s
RETURN:
. END PINBGF;
/mmmm&@
" PROCEDURE ¢ EXECUTIVE '
FUNCTION & EXECUTES THE INSTRUETIONS '
LM CALL T DRLL EXFOUTIVE '
INALT T NONE
UTPUT ¢ MRE
BLORMS ¢ DISRIF
CRLS % ALL INSTRUETION 'SUBROUTINES
¥/

* EXECUTIVES PROCEDURE PUBLIE;
| DECLARE {RECENT, ENTONT, X, T, SORO%) BYTE; -

o RECONT=EXEETR {0} 3
| ENTENT=EXECTBL {1}y
K=23
10 1=0 7D RECONT;
© IF DISBUF{0)=EXECTBL{K) THEN
m-
: PAM#EX:C?&(K#})-
- 68 T8 FIND;
END:
g8
. - K=K ENTENT;
END:

. Foe

IF AR )= RECONT THEM -
 RETURN; %

D0 CASE PRARMM;
©CAL IING;
. EALL DINSy-



-CRLL WINS;
. DAL EDINSy.
- CAL INCINS:
£att DERINS: -
- CALL PINBUF:
CALL PINS;
€At ENDINS;
- CALL CADINS:
. CALL JMPINS; -
© CALL STPINS;
. EALL BINS;
. CALL DINS
.- DAL REMINS: ‘
END; /% END OF DO ERSE &/

RETURN;
END EXECUTIVES.  ~

R N NN Y

. PROCEDURE ¢ -CHKSUSRY
FUNCTION : CHECKS THE MONITOR LSART
PLM DAL ¢ DR CHKSUSAT
INUT 2 NONE
TOUTRUT - ¢ NONE
GLOBALS ™ 3 NONE
‘CRLLS ¢ CORIN
¥
- CHK$USAT: PROCEDURE PUBLIC;
 DECLARE M BYTE;
* - #=EDNIN;
IF % = O THEN RETURN; -
. DRLL DNDINS;
. RETURN; :
- END CHKSUSRT;

}mmmmmm& N
" PROCEDURE ¢ INTERPRET :
chrm s RERLIZE THE INTERPRATATION 6F -

INSTRUCTIONS

PLM CALL ¢ CALL INTERPRETILMYY .

CINPUT . - EN....LINE MUWBER

BUTAUT 8 NONE

(GLOBALS ¢ DISRF, LINE .

CALLS t EXEC

R R RN

x

INTERPRET: PROCEDURS(LND) AUBLIE;
DECLARE {LNO, X N,D) BYTE;

CALL FILZERM, DISBUF(0), 3333 -
e

. START: DB MHILE W {= 33

D=LINE(LND), Lcmmm-r X
IFD 0 O TEN
b3



CIFD Oty oTEN
bo;
: DISBUFIN}=D;
o I
“heNEL
" GOTB START;
. END;y

MELE=0y
. DALL EXEQUTIVE:
CALt CHKSUSRT:
o IF JHPFLE () O THEN
RETURN:
Moy o
MMl
;. CAL FILZER{, DISBUF{0}, 33);
" GOTOD START,
12,1
END;
" RETURN;
END;

RETURN:
END INTERPRET:

- END EOiP3;



$PAGEMIDTH{120)

¥ . 3 1 2
st UNIVERSAL MEASUREMENT SYSTEM ...~ - #& .
s& " DONTROLLER WITH GPIB *
H =
sE . BPIB ROUTINES -
;l- ‘ : £33
s& FILE WBE & BPIOOR.501 =
s¢ PODILE DEF, : SPIB ROUTINES o
& DATE ¢ APRIL 13 1985 o
Co3e AUTHOR T ¢ TLWAN NEDIK AP "
;*, o ) ET I
 HE R LR EFEEHEE R LR
NYE  BPIR
9 o
$INCLUDE{sFO:EPIR, ASY)
: _
MBLIC INIT (
. PUBLIE SEND
PBLIC RELV

(PUBLIE  REk

-

-y

:
i%

?
3 PROCEDURE ¢ INIT
s FINCTION @ INITIALIZATION RDUTINE
3 PLMCRL ¢ home -
3 INPUT : None
T BUTRUT & home
s BLOBALS ¢ Nowe
3 EALLS  hove
s DESTROYS : AF
2
INIT: VI A, INTH sEnable T
. BurT . INTHR sDutout o 92°s intr. assk reo.
i1 8 1, BTIL sDisable major talker/listener -
BUT ~ ADROI :
M A, DTBL2 :1Disable sinor talker/listeser .
- T ADROI
M1 - R TBN sTalk only sede -
. T FDRMD ‘
i £, CLKRT 13 WHz for delay tiser. .
;L fUXD ’
g :
i 11 INTS
- By INT2 sDisable all 91 sask bits -
N 1 ‘AUXMD :Isaediate execute PON '
- RET
3 .
SR EEEE R R EE LR R R
"y PROCEDURE : SEND
s FINCTION ¢ SEND ROUTINE
v PLWORL home
 INPUT : HU listener list peinter -
3 . “DE gata buffer pointer -

£ rount.. 0 will peuse no gata to.be- .
sent _

ue o



B
UTRIT - ¢ hone
BLOBAS ¢ None
DRLLS t hone
DESTROYS t A, L, DE, K, F
D MWIT AUN
JBT U houT
COWAITE
w1 AIINT -
; ¥ bouT
| WoITS
oy AB
BT - EDSR
bi: RANGE - 20H, 3EH, SEND2
¥ITh
INX H
. Jap SENDY
O R, 6758
T s
i R AXAAEBIS
11 AUXAD
- WRITX
BRITY
mI. A TON
auT ADRAD
£LRA
T - AR

3Send universal unlisten to turn off

. jany previsus talker

s5end universal wrialk

.. 3to stop previsus talkers

16et EOS chararter -

“3Dutput it to 82348 -
. gwhile listewer.i.... .
3Eheck nent listen address

38utout to BPIR .

sIncresent -listerer 1st pointer . .
stoop untill non valid listener -
sEnable 82318 ending conditions .
sBoto standby T
y5end EOT with EOS characier

sHait for TCY to op false .

" 3Mait for TCY on 6I5R

sPut 8291R tp talk only sode -

slmeediate execute PON

Deipte next 3 irstructions to saie count (=256 <

POV

L &ETF

p3s

- Cip

- A2

J2

LBRY
BT

© WAITD

N
DER

N

Jnp

INY.
DER.
WAITE

AL
SENDG

A, TESY

366t count
11 count=0 senc ne data
16et geta byle .

sfutput to GPIB
sTest EDS .., this is faster

+, :3and uses less code than wsing
< 394" BND or EOT bits..-
. 3If character<kDS, po finish

sIncrenent buffer opinter
1Decresent count
33 count {3 0, po send

3Else go finish

sfor cons%steney -
;for consistency

sassuaptions for the mext subroutine are set

sTake control: syncronpusly =



Wi
LT

- HAITX
. WOITT
BT

e e

X
5
z

FLNETION
Pim £t
INRUT

BuTRUT
BERAS
EALLS
""DESTROYS

RETURNS

m-‘- Np H6 s s WS UP B Up VP Us U Be P v we

tv: AV 8,8 » 36t EOS character

;T UEDSR s0utput it to St

RANGE 404, 5EH.RECWS
svalig if 40H(= talk (= SEH

. BT bour : ‘3Butput talker to ERIB

COINX # " slrer. pointer for consistency ¢
WAITE : '
w1 A, : sstop other listerers .
T T
WAITO »
i A RA  3For coxpleteness ..
W1 A AYXRAWODENDHEDEDS .

&7 Al - sEnd when EDS or EBI. § Holdeff

COWRITE o
o H A LN stisten only

* G8F - RDRWD C :

Ry sTmeeoiate XED PON -
ooy AIXXD : '
vl A,67S8 - sBoto stanuby .
UATTX #zit for TEISO
WRITY - :Wait for TCI=

RECVI: IN INT 3Bet 9% Int status {END 8/or BI}.

HOY B,# - 3Save it in B for BI check later

- N ENDIK sCheck for £05 or EOT

N REDV2 - 3Yes end— oo wait for BI

OOV A.B sNe retrieve status. & .

. P BIA ycheck for BI
Jz RECVL sNo, oo wait for either END or BI
N DIN 1¥es, BI— ol data )
STRY - B . 1Store it in buffer .

- INK ] ' . yincresent buffer pointer
s € sDecresent counter. .

¢ N2 - REDW 2If count €} © po back & wait

oI B, &0y sElse set error indicator

£, AXRA .3Reset sent EDI s EBS
fRIxMD

PRSCEDURE:QECV

: RECEIVE ROUTINE -
t kone
t K talker oomter .
.. DE data buffer pointer -
€ count {max., buffer size) O iaplies 256 .
B EOS character )
t Fills uffer pointed at by DE .
2 hone
t None
thBC DE K, F

2 A= OH noreal terwinat ion—-£05 detected. .
f=404 Error—roul OVETMUN ’
A{&0H or AYSEH Error— bad talk addr\ess i



Jap RECVS - .3fnd po take control

REEV2: MW ~ AB sfAetrieve status -
- "RECVZ: AN BIM :Check for BI
I RECVE - 3If BI then op input data ..
N INTE . .3Else wait last BI
Jup RELV3 3In loop .
k]
RECVS: IN DIN | 36et cata byte -
2172 S -3Store it in buffer -
LI b sIncrement data pointer .
- DCR £ .. .- svo;Decresent count but ignore it
Tl B0 . 152t noraa) cospletion indicetors ..
1
REEVE: WWE - R TOSY- sTake contrel synohronpusly
. MRITX sHait for TCIS0 {7 toy) -
WITT - -gHait for TCI=
3 .
M A ARA sPatiers to clear 9¢ END conditions: .
B 113 AUXMD :
Wl A, TN sThis bit pattern already- in ‘Q' .
: 84T - RDRMD " 3Butput TON
Wl A RS sFinish handshake.
T AU ) T
& .
BT xR . - slmsediate execute PON-Recet LCN
-y AR - 16et mn}e'tmn character :
k)
RECVB:  RET , .
. |
;mmmm&mm
3 PROCEDURE : REME ' -
s FUNCTION ¢ REMOTE ENABLE RDUTBE e
3 MmOt home
3 INUT t Nome
s DUTRUT ¢ e
; GLOBALE - 1 None
s OALS £ hone
s DESTROYS A, F
.2
fEMET Wi f, SREM ' :
11 £MD32 . 392 asserts resoie enmable
COHRITY sHait for TCIS0
BT " 3Hait for TCI
. .
/3
:
JHEEHEEE R

8

CTl
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UNIVERSAL MERSURERENT SYSTEM ~ T
' 'CONTROLLER WITH GPIB "
£33
UTILITIES e
3 3
FILE NIKE ¢ UTOI0P. 503 "
FODILE DEF.. ¢ UTILITIES OF EDITOR . &
DATE : JULY 03 1985 &
AUTHOR  © ILHON NEDIN ALP '
¥

|
E.
|
|
|

" UTEDIT:DD;

DECLARE TNV} BYTE EXTERNAL:

" .DECLARE I BYIE:

DECLARE CONTAR(E) BYTE DATA 1100,10,1);

." DECLARE ASCTAR{®) BYTE DATA{

0‘00’0’0‘0:0'0}0:330’0191012’0a07
8,0,9,0,9,9,0,0,0,0,0,3,0,0,0,0,
4,5,5,5,5,5,5,555555555
'6,6,6,6,6,5,5.6,6,6,5,5,5,5,5,5,
55555555555 55555
5,5.5,5,5,5,5,5,5,5,5,5,5,5,55,
5’5:5'»5,57“15 5 ""’asasasaraﬁ 5‘)

5,5,5,5,5,5,5,5,5,5,5,5,5,55,7);

-

-

| EEREERFREER R R R R E R EE R R R R

L R I

e

PROCEDURE ¢ CHEDKSKEY

FINCTION < CONTROLS AND GUALIFIES THE FRESSED KEYS -
PLK DAL ¢ =CHECKSKEY (KEYND)

INMT - & KEYND. ‘

DUTPUT ¢ RANGE VALUE OF PRESSED KEY

BLORYS ¢ NDNE

CALS ¢ NDE

CHECKSKEY: PRBCEDURE(KEYND) BYTE RUBLIC;

~ DECLARE KEYND BYTE:

KEYND = KEYND AN 7FH; -
RETURN ASCTABIKEYND) 3

END CHECKSKEY; -

i m&w&m&m&&m&m& -:':

MoM Rk MR M kRN

PROCEDURE ¢ BINRSE

FUNCTION . ¢ CONVERTS A BYTE DF BINARY NUMBER 1O
"THREE BYTE ASCII CHARACTER

Piw CALL ¢ DAL BINASCINUREER) :

MUMBER = It BE CONVERTED INTD

INPUT :

DUTPUT ¢ ASCII FORM VALLE IN CONV(E)
GOBALS ¢ EONV

CRLS - ¢

“RONE



&/ .
BINGSC: PROCEDURE(MBER) PUBLICY °
DECLARE MWBER BYTE; '

50 1=0 10 2;
EONV{T)=0;
END;

=0
START: IF MUMBER )= CONTRB{I) THEN
Da; :
- COWV{T)=COMWI{T) €13
"NUPMBER=NUBBER-CONTAR{I};
END; '
ELSE
003
=141
IFI¥=3 THEN
bo;
Do 1=0 70 2;
CONV(I)=CONY{I) DR 30H:
)11
RETURNS
END;
END;
50 TO START:

~ END BINASE:

END UTEDIT;
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AEFEFTRITTERR

‘G
3 UNIVERSAL 'mgem SysTen
ELE CONTROLLER WITH GPIB
\‘*
3 .
s . ABSOLUTE DATR DEFINITIONS
4 3
?
s¢ FILE NOE ¢ LRCERU.S02
s+ EODUCE DEF ¢ EGUTBL
3¢ DATE ¢ AUBUST. 07 1986
AUTHOR ¢ ILHON NEDIX ALP
o

e S Ge ue

NYE EODUTBL

PUBLIC USRTPD,USATID -
PUBLIC USRTPC, UGRTHC -

PUBLIC PORTA, PORYB, PORTC, PORTEM

RUBLIC PORT

PUBLIC TINERO, TINERE, TIMERD, TIMERC - |
FEECEEEEEEEHEREE USART ADDRESSES FEEEEEKEEKEREE -

USATPD EDU 080N

- USRTMD EQU e

. USRTRC ESU  OBtw
USRTC EDU . ORH

PORTA  EBU  O4OH
PORTR - BB Ol
CPORTC B 042
. PORTCN DU 043

:
PORT  ER OGOH
.

EEEEEEEERE 8203 TIRER ADDAESSES EEREREEHEEEEE

e wg

TIMRD B  OCOH
TR EOM  OCHH
THERD EOU - OCH -

TIMERE E®U 803

-
?

END
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it UNIVERSAL MERSURERENT SYSTEM 113
3 CONTROLLER YITH GPIB *®
33 ="
¥ " WORKSPRCE RAR 33
3 13
3¢ FILE NAME @ UmCRAM, 512 &

3% pODILE DEF & RAM DEFINITIONS 23

| 3 DATE ¢ RLY 3t 1986 "
o AUTHOR . ¢ ILHAN NEDIM ALP H
H =

i
g

NUE  DATDEF -

L dd

PUBLIC STKTOP, STKEND, STKLEN . -

CRUBLIE SYSFIL S
PUBLIC PRTCTR,GPBLTR, SYSCTR

e

PUBLIC PRFR

RUBLIC * STAFL, LINPTR, COLPTR
© MUBLIC DSRONT,FAILCT,CARFLG

PUBLIC * LPONT, TAR2

e

PUBLIC OBUFER .

ae

PUBLIC MONFIL .
PUBLIC RSTATE
PUBLIC DIE34,DIGI2
© PURLIC ONLFLB
PUBLIC NXTRES
 PUBLIC LOMBUF, HIBRF
PUBLIC ADLOW,ADHIGH .
. PUBLIC BUFFER
PUBLIC CRFLAG.
. "PURLIC RREG, BRES, DRES, HRES
" PUBLIC STRPTR
. PUBLIC POWCTR
RUBLIC BRERK
PUBLIC OLDSTK, BCDRET
PUBLIC OP1,002,003
© PUBLICT DS, OPS5,0P6
PUBLIC' RECBIF, TRABUF .
. PUBLIC "TRKNO,SETND
PUBLIC COWFLS,MSEXIT

e

PUBLIC EONV. .

“e

PUBLIC EDFIL, EDSTA
“PBLIC COLUMN,LINDN
PUBLIC KEY,IDLCTR™ -
© PUBLIC REDSTARI
PUBLIC FIRST,LAST
PUBLIC ENDFLG, JAFFLG

we

- PUBLIE WBUFER

oa



. PUBLIC DISBIF
" RIBLIC INRF

PUBLIC OBUF,DBFONT

PUBLIC LLIST TLIST

PUBLIC VARA, WAIRB

PURLIE REG

OR6 © OFBOOH 1 Lorete address
~—————GYSTEH. FILE——
FIL EB4 0§ 140H
TTR: 5 1
£78: DS 1
£TR: D5 1
SPR: D5 i3
————e————JRINTER FILE
FiL BB ¢ $110H
FL: BS 6 .
PTR: D5 1
PTR: D5 1
XNTS D5 1
LET: I8 1
FiEe D3 1
b IERRY ¢ 2] 3
2 D5 1
SRRt BS 3
————————PRINTER BUTPUT BUFFER————
FzR: DS 480 S1E0H
-~ HONITOR FILE
FILt D5 48 C33H .
RTE EBU  MONFILst :
34 B MOWILE
12 EDH . MDWFILeS
FLG ERY MONEILHE
REE EBU FONFILG
RF EBU FONFILS
B £0U FONFILHT
o8 Eou POFILES
G4 EQY  MOVFILR
FER EQU FONFIL €10
1R6 ERu MONFIL+1
5 - Epi MONFIL+12
5  Eo BONFIL+14
5  Eou MOEIL 16
5 EoY FONFIL#IB
(PTR EDU HONFIL 420
CIR ~ £oU MONFIL«22
A¢ EpY HONCIL 424
ST ESH - BONFIL&DE
ReT - ERY FONFILe28 -
i gl FONFILS0
BB MONFILeS:
! EQY MONFIL4ZD
: ERY MONFILEXZ
i Eot

- MONFILe3S



» 0 LuY N ALYVt
TBUF EBU . MONFIL35
ABF EQ MONFILES7
AND  EDU MONFIL43R
TND . EQY - MONFILEDD
WLE EDU . MONFIL®AO -
EXIT EBU  WONFILeS)

—————£DITOR FILE
Fit. EBY

; $

BTA: DS 3

LbmNe D5 H

NEND: DS 1

¥ DS H

LETR: IS 1

DSTA: DS 1

1t 5 1

#STe DS }

K72 D5 i

DFL6: D5 1

L6t DS H

BPARE:DS ]

e ———— YR I TESRUFFER:
YFERS DS 32
——————{BWERTER FILE
W D5 &
————DISPLAY BUFFER
SRiF: D5 =

I INPUT  BUFFER
By DS X2
—————————REGISTERS

Bt BS 132
e ——————-GUTPUT BUFFER

Fi D3 28
FONTE DB . 3
— VARIABLES
B 2

B3 2

TALKER/LISTENER EIST—

I57: 2

STREK-

%
s

ISt pS 2
>
ESY 128 1804

KLEN
B FEEE LR R EEEFEEREEELEREEE
otal 2048 " 3800H

KTOP - £8 OFFTFH
KEND EBU OFFFFH

B
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UNIVERSAL. MENSURERENT SYSTEM =~
CONTROLLER WITH GPIB
DATR DEFINITIONS
FILE NWE @ OG0T -
FODULE DEF, ¢ EEPROM DATA DEFINITIONS .
DATE ¢ JUNE 11 1985
fUTHOR ¢ ILHAN NEDIS ALP
13233333333333233332323323323233333323332333333133323373
NYE  NWDEF
PUBLIC LINE -
BRE ~ BOOOH

NCINE  EQH 80
LINESIZ EBY . 32

LINet D5 NLINERLINESIZ

B



BABEWIDTHIBO) |
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3

E UNIVERSAL KERSUREXENT SYSTEM
3 .- LCONTROLLER WITH BPIB

. .

3 MONITOR

3

- FILE NAME - ¢ CPUTRL, 505

- mODIRE DEF. ¢ MONITOR TADLE FORCRU
. DATE 8 JBLY 3t 1985
FAUTHOR .© & ILHON NEDIM ALP

3

g

NOE  CAUTRL -

EXTRN  SYSFIL,PRTFIL
EXTAN  MOWIL '

PUBLIC WRIDPS, WRISOP, REAOPS
PUBLIC WRITRK, WRISET, REATRK

RUBLIC. SGLREL, ALTREL, BUFREC.
MBLIC SELTBLWTTBL, BFTR.

-£5E6
R R R FE R

jRIppst B ¢

AOPS: BB O

RISOP DB O

RITRK: NOP

AISET: NOP

SATRK: NDP

RREC DB . 3,°5,16,7R',16
R H'.4B

FRECI BB O

FREC: DR O

LTBLE W MDWIL |

¥ PRIFIL,SYSFIL
TR NP
FTBRLE NOP

£
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¥ o
€ UNIVERSAL MERSUREMENT SYSTEM - =
3 .. CONTROLLER WITH BPIB ¥
E [13
£ EPIB CONTROLLER ROUTINES 13
€ =®
+ FILE MBE ¢ GPIR.ASH '
¥ PODIRE DEF. ¢ INCLUDE FILE 123
+ DATE T APRIL 13 1986 ¥
£ AUTHOR ¢ ILHAN NEDIM ALP 23
3 23

?
x

TEXTAN  COMIN
PRYS: EXM OH 382918 Base Port 4 -
flepister #0 Data In § Dut .

DIN  EQY . PRT91¢0 ;8291A Data in.vep. .
DOUT  EBY PRTS140 382318 Dats out reo.

Repister 41 Interrupt 1 Constants . .
INTE  EBM PATSI: JINT Rep. &
- INTMt  EQM PRTIL¢1 JINT Mask Rep. &
BO% g 02 382318 BO INTRP Mask .
BIX EgY 01 3B291A BI INTRP Masx
ENDMK  EBY 10H 18291R END INTRP Hask
7 ERt 804 182318 Command Pass thru int bit
Regisier 42 Interrupt 2
INTZ e PATHe2 -
fepister #4 Address Mode Constants -

ADRMD B . PRTII+4 38291R Address aode register 4

- TN ERS 804 182318 Talk only sode & not listen only

- tON BB 40H 38291R Listen only & not ton
TLON BN OCOH  38295R Talk & Listen only
#ohey | Eoy 01 sfede 1 addressing for device

flegister #4 (Read) Address Status Repister -
ADRST. ot PRTI1#4 3Reqister 34
EBIST  EOU 204
1 I = . 1 2 :
tf QU 1 sListener active

Register 45 (Write} Aunillary ¥ode Register .

AXMD  EQH  PATH1+G 3B231A Ruxillary Mode Register
- CLKRT B 34 38291R T Hhz clock input
COFNHEK B 03 18231A finisk handshahe comsand
;. SDEBI BB - 06 . :B291A Send EOT witn went byte
CAXRR BB B804 ¢ :B29:M awxiliary register A pattern



. EVREG

- HOHSX EM H +8234A hold of f handshake on 811 byles
© HOEND EQW 2 182318 holo off handshate on end
CRACY  EBU 3 $8234A continues AH cycling
EDEDS £ 4 382918 end a1 EDS received .
£0IS BB -8 182318 output EDY on EOS serd
ystmp  EQY OFH 382317 valid comeand pass through
NCHD  EOU O7H 382318 imvalid comeand pass through
AXRE B OR0H  3B291R suxiliary repister B pattern

EPTEN EDU OtH  ;B29IA command pass throuph ewable
-Repister #5 {iead)

:CPTRS‘ £8y ' PRTSIES -

flepisier 36 Adgress O/1 register constants.

FDROY  ERY PRT3146
bTbk: E®Y 60H sDisable aazoer talker § listener
DD B OE0H  ;Disable minor talker & listener

Repister 47 EBS . Character Repister

EOSR  EBY  PATINT
8232 CONTRO. YRLUES

- PRTI2 ERY 204 38232 Baze port 4

INPR  EN PATI2+0 38232 INTRP Mask repister
INT  EM O IO _» :

ERRM  EBU . PRT32¢0 ;8292 error aask repister -

ToUTT  EBU 01 18232 timeout for Pass Control

TOUT2 EDH 02 38232 tiseout for Stamdby

TOUT EQU 04 . 38292 timeout for Take Control Sync.
£l PATI2+0¢ ;8292 event counter pseuwde repister

TOREG ERU PRY3240 ;8792 tiseput psewdo repister

£¥n32 £ PRT32¢1 38232 roummard repisier

INTST B PATI2¢1 38232 interrupt status repister
EVBIT EU 10  ;Event counter bit

IRFRT B 24 sInput buffer full bit

SREBY ERY 20K 18ee bit

ERFLE  EQU PATIZ0 38232 error flap pseudo repister -

RST ERd PRT3240 ;8237 controller status pseuds repister

- BUSST  Emu PAT32+¢ 38232 GPIR {Bus) status pseude register
EVEST E&Y PRTS2+0 ;8232 event counter status pseude register
057 £ PATI2¢0 ;8232 tizeput status pseudo repister

8232 DPERATION COMMANDS

SPENI  EM OFOH  ;5iop counter intermrupts
6IDt  ERY OF1H 6o to idle '
RSET  EBM OF2H  3feset -

RSTY  EOY OF3H  3Reset interrupts



. BeeC EmY OF&H - 3Bo to standby, enable counting
. EXpp ERM OFH - sExecute parallel poll
- BT8R ER..  OF6H - 6o to stamdby
Se  Emd OF7H  35et local mode
 SREM - EBH OF84  ;Set interface to resote -
. ABORT EQY OF9H - 3fport all operation, clear interface
- TENTR BB OFfH  3Take control {Receive control)
- TORSY . EBY OFEH  Taue control asyscronsusly
ToSsY &80 OFDH  :Take control syncronously
STENI EmM

OFEH - :Start counter interrupts
8232 UTILITY COMSANDS

OEI#  Write to tiseout register .

WOUT  ERY

. WEVE BB OEM  Write to event counter

. REVC EBM OE3H . sRend evet counter status .
RERF EoU 0E4H  sReat error flap register

T ORING B, OEBH . :Read interrupt sask register

. REsT B 0E6H  3Read controller siatus repister
ABST ERY. 074 Read 5PIB Bus status repister .
R EoU 0E9  jRead tiseput status repister

. RERM QY 0ERd  :Read error aask repister |
IREK B

0BH . ;Interrupt acknowledge
PORT £ BIT RSSIGNENTS -

FRTF B4 :Port address of 7ALSSTE
B {2 { S .1 OiH sTask cosplete interrupt

2

C SPIF B 04H 3Sperial interrupt

- BBFF B 0BH $8232 gutput {to CPU) buffer full

- IBFF - B 104 18232 input {fros CAUY) buffer full

- BOF g Oth 382918 interrupt line (B8 in this case)

BPIB MESSAGES . (COMMANDS) .

iy £y 8 ¥y devire address is .} '
S (11: N 5.1 AORH0H shy taln address is 1 ("R%)
L AR EQY - MDREZ0H My listen address iz 1 {*!")
M B FFH sUniversal unlisten .
iNY Egi SFH . jUniversal untalk
. EBEF Eo4 08 . ;Broup execute trigoer
- 5E £BU - O4H 1Device clear. .
SPE ERY . 184 3Serial poll enable
. 5PD £ 19 sSerial poll dizable ..
PRE EBM 05 - 3Parallel pell confipure
© PP B 70H  jParallel poll pisable .
- PPE EBY 604 sParallel poll enable
- PRY £ H sParallel pull unconfigured
T EM 03 sTake control {pass contrel)

mmmmm&mm -

FACRD DEFINITIONG .
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grn

RIT0 -

MACRD

ENDH

ERD

| LOoAL

RITLE

AITE:

e Ve

HAITL

LOERL
AL
32
R5T
)
NI
2
ENDM

AAERD

18CR.
LBCAL
CRiL
J2Z
fST
N
ANI

. SN2

~y e

-

ENDY

HACRD
LBERL
1OCAL
CRL
J2
RSY
IN

KoV
£pr

£pl

KACRD
¥RA

B R R R EE R E R R R R -

35ets f}'ax_as &3 F register

A
iWzit for 81318 byie to be dune .
WAITL
WAITE
CONIN . sCheck external interrust . .
WAITE - o interrupt then ooon ' :
0 sJuep RST O address to initializtion
INTY 16et INT: status
Box sEheck for byte sut
HhITL -+ 331f not, try spain
stintil it is
sWait for 8232's YOI {0 po false .
BRITL '
WAITF '
CONIN soheck external interrupt
WAITF o interrupt then ooon
g s3uxp RST € address to initialization |
PRI '
TEIF
WL
WIR
¥Rl
CONIN joheck extermal interrupt .
WAITE sno interrupt then coon
0 sjuep AST O address i initialization
PRTF sbet task ronplete int, ete.
TCIF s¥ask it
WAITL - Mait for task to be cosplete
LOWER, UPPER, LABEL
;Checks for value in ranoe -
sbranches to label iF not
3in ranoe. Falls throuoh if
. 3lower (= { {H}L) ) (= uppen.
16et nent byte.
A, 3
LO¥ER
RIS
UPPER+1
LABzt
A =0
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