FERR 2= UNIVAC

—_—
 INTERCOMMUNICATION

T Sales Managers ]'  : ~Tsmmuumssa@§ J L. Benson, 560
. -S. A. Managers I
o 4 LOCATION & CATE: Wachlngton ’ D. C. 9/3/76

" oeeantMenT & Ms:  Marke ting

cc: - .'-'c    ,;..§mﬁr£,UTS 400 Programmability

Attached for your information is an overview of UTS 400
Programmability. This is a general description of the
capability, and it is presently being reviewed by the
different groups within Univac. Since only a limited
amount of data i1s available on the subject, I felt you
should have the review copy for your use. The informa-
tion within the document is accurate and can ‘be used.

After all the parties review the document, it will be
publlshed as a Product Bulletin.

J. L. Benson

 JLBremf - oot aRE
Enclosure DT ‘ R



User programmlng is rcqu1red only when unlque functlons are

the UTS 400.

Programmablllty is~ a’E::mary “trlbu;e of the UTS 400. 1t 19'?
this cepability that sets it apart from its predecessors, the

U 100 and U 200. Through programmebility, the basic UT5 4CO

functions contained in the firmvare can be extended, enhanced
and/or modified to increase its ease of use. UTS 400 apnli-
cations can be designed to function in a unique production
env:ronmcnt.,~ S A’jg{_. BRI SR : .

~ -

desired. Then only the functions xequ1red to be added or
changed must be coded Ly the user. Also, it is important to
note tnat the Univac approach to progrgrwﬁolllty allows user
use of the UTS 400 functionas as prov1cfd by the firmware.

As noted in fJaure l 1. Univac progrgmmablllty apornqch as - -
compared to other offerings of intelligent terminals does Co
not use user storage for a protocol and basic. operdtlons of

This approach is unique among~intélligeht terminals. 1In some,

- a programmable capability is used to provide the overall func-

tionality of the terminal. The basic functicnality of the

‘UTS 400 resides in firmwvare; the purpose of user programmgglllty |

is to increase or modlfy the: tcrmlnal capabllltleg..

“The flrmw“re functlono, housed in read-on]v ramﬂry (ROW) are
~always available in the UTS 400. Firmware does-not need to he

loaded before the terminal system will function, nor is it de-

 stroyed in the event of power failure. Furtner, it does not

compete for random-access menory (RAM) locations which could

-be occupied by the user program. Thus, the full amount of
 storagc, up. to 24,000 bytes,‘can b\ devotnd to the user.

Enhanced Flrmwarp Functlons"

' User programmablllty,‘then, comolementu thﬂ fl*mware by bu1ld~, :

- ing on its functional base. The firmwarc provides the cotmu-

nications protocol, enables dialogue with the host processor,

‘provides for transactions betwecn the UTS 400 and its peripherals,
-.and supplies an operation corresponding tc each keybozrd input.

 User programs cannot change the comrmunications protocol; they.

- can use the fimmware-ccontrolled protocol 3s a conduit to scnd

‘data to and receive data from the host. A similar relaticnship

exists with respect to the peripherals. Since the user progcoms

‘need not be concerncd with such details of tcrnerl ope“gtlon,_

programming bccome< 51mplcr and ea51er‘~'-‘
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Although the user programs are cxncutod by thc UTS fOO Lhﬁy o
‘are gencrated on a hoct processor and conveved to the terminal

by way of a cormunications line. (This procedure is called

downline loading.) User programs cannot be generated at the

UTS 400. The purpose of the UI'S 400 is tb gencrate, format,

and manipulate data.in a communications envirorment. The vser
programnability of the UTS 400 should not be construed to mean
that it can be used to transform the UTS 400 into a freestanding -
- processor system for small business applications. Rather, it ‘
" should be considered in the lioht of the . definition of dis-—
tributed processing wherein & greater part of an application
- is performed in the terminal subsystem relieving the host of
these duties and achieving substantial rnduﬁtlons in commu~ .
vnlcatlon s overhead and line cost. '

Since programs are not generated at the terminal, terminal’
periphcrals are not rcquired to generate, load, or store user
programs. However, if the application warrants storage peripherals,
or if local retrieval is desired, the UTS 400 can be so configured.
In this case, the host-generated programs can be downline loaded
‘and directed to the perlpherals, from- uh:ch they can be reLrleved
and executed as needcd : e »

SofLere Packaae

’Programs for the programmahle UTQ 400 mav be gcncrated by means
‘of a SPERRY UNIVAC software package, which is supported on SPERRY
"UNIVAC data processing systems. Programs created by the package
‘can be arrayed in the host processor and called to the termiral
‘system in any one of three vays: by a terminal operator, by a
program running'in the UTS 400, or by 2n application program
running in the host. In any case, the host will take the request,
obtain the desired program, and downllne load it to the Lermlnal
system. : RN :

.Exampleq of User Program Tasksn S

The following list gives you some idea of Lhc types of user pro~
grams that could be executed by the UTS 400- _ _

'b -pata validation (aUCh as restrlctlng eneros, ranqe Checklrg,
comparison checking). - R -

’ c-fData formattlng/reformattlng (such as changlng the ordcr of

‘ 1n£ormat10d, or excludlng 1n£ormatlon)

° ’Data creailon



/ mtaﬁ“ ‘éditiﬁg
‘é ;Ar1thmet1c opcratlons

tSPCUIlLY checks (such as the use of passwords or of code
”sequences)

) oj. )

AG"HJgh]]OhLlng lnvalld entrles (or items requlrlng opnrdtor
'v;attentlon) e _

S -

o Prompter sequénces (for operator‘guidance).
L o : ’ | -
e Text compression on transfer LT ;j

For example the UTS 400 can be programmced to intercept keybhoard-
entered characters and cause a specific key {or keys). to initiate

" a special editing function, such as clearing a designated column
- of data on the screen, clearing selected fields wvhilc lezving

- others unchanged, loading constraints into selected fields, or
‘duplicating the contents of a particular field into one or
several different areas of the screen.. (Execution time for user
© programs will depend on the complexity of the operaticns and

~ the amount of data involved in the operations. In gencral, the
time to perform operations of the types just mentioned should

be of the same order of magnitude as the time reguired to do
~firmware-supplied edit functions, such as inserting or deleting
characters in the display.) Programmability gives a new
dimension to Univac terminal applications. As the term 1mpllcs,
it gives the user the capabilily of modifying and enhancing .-
the capabllltles of the UTS 400 to fit his specific needs, in-

. creasing the effectiveness of the total computer system.

ST



/Armmal e

The function of flrm:are in Lhe UTS 400 15 to prov1de the
instructions (Code) in ROM which when executed give the UTS |
400 its functional characteristics. Wiien an action is
initiated by the keykoard operator, a host or a peripheral,
a sequcnce of instructions is exccuted. These acticns are
secn by the firmware as a hardware interrupt vhich temporerily
stops the current operation to give attention to the present
action. All functions performed by the f{irmware are started
by an interrupt. The firmware is written to interpret the
source of' the interrupt, get the data from the hardware inter-
face associated with the interrupt, determine necessary action
- based on the data, and schedule the execution of that action.

When an 1ntexrupb occurg, "the UTS 400 disables further inter-
rupts. This action gives the firmware a chance to handle the
first interrupt without interference from another. Since
interrupts can he lost if they are disables for a long period
of time, the firmware is programacd to do as little handling
as pos 1ble while interrupts are disabled. In some cases, all.
the handling is done while interrupts zre disabled; however,
‘the processing is usuvally passed off to a piece of code vhich
will be executcd with interrupts enahled. -

The flrvware is constantly cycllng awaltlng interrupts hhlch
-initiate some arctivity. The activity performed is determined
~by the type of 1nterrupt and the data aquClgtEd w1th it. ‘

In this degcrzptlon, the code executed because of an 1nLcrrupt
“up to the point where interrupts are reemabled is termed
interrupt code. The code which finishes the processing with
“interrupts enzbled is termed noninterrupt code.  Both types .
of code are associated with each hardware interface and the
total of these types for a given interface-is termed a
_handlcr.‘ When an interrupt occurs, the address of the next
instruction to be executed is saved. . This address_lq known B
-as the return address and is inyortant bacause the UTS 400 must
eventually get back to that point in the code to allow the
1nterrupted activity to be completed. When the interrupt code
is ready to rcturn to the noninterrupt ccde, it executes an
“dinstruetion which causes the CPU to re-instate the return
address and begin executing instructions at that .address.  As
noninterrupt code is exccuting, it could at any point be inter-
. rupted,_ interrupt code could be executed, and the noninterrupt
- code returned to. ' PRI R P



UTS 400 finmaware contains a scheduler. The scheduler main-—
4ins the scrial rature of UTS 400 functions and ensures thzt
fnterrupt code does not affect functioing of the noninterrupt
code. The scheduler is responsible for lin“'ng thke procassing

f an interrupt froen the interrvpt codae to tha noninterrupt
i}ﬁkn It‘also serves as the idle loop of the kyqt€m since

he CPU 135 always executing Jnstructlous uhethor or not there
is a fungction to pfrfoxm. : S

The power on CODleQnCG (PQC) is a piece of firmware executcd
only on initialization of the UT3 400. The POC performs tests.
on the UTS 400 harawarc and initializes the UTs 400 to a known
state. | o

The UTS 400 firmware also contains parity error handler. VWhen
a hardware parity error is detected, an interrupt occurs and
the parity error handler is executed.  Its function is to
determine which hardware modules detected the error and to
‘increment error counts. It also determines whether the error
can be recovered from and executes recovery procedures.if it
is of that type. : ' e . o

The UTS 400 firmware then, is made up of the powcr on confidence
test, the parity error handler, the scheduler, and the interface
‘handlers. The interface handlers are known by the interface

they are associzted with: the keyboard display handler, the
communications hardler, and the peripheral handler. These
interfuce handlers provide keyboard display operations, the
““ecommunications protocol, and the peripheral operations.

‘-



/M_frf.*Eiz

The UTS 400 offers several interfaces for a user program. The
main interfaces are: S : , L S
- 'l. \eyboard
- 2. Display
3. Communications » S e e
4. PYeripherals LT e
Each interface cénsists of: = ' ffff1] ¢ f;1_;_'f’.- ;'
: ‘ 1 * . A . ‘... o . . b o . :
1. Entry points’ Lo thn user program iy
2. Entry points from the user procram to the flrmware
3. Plago, pointers, etc. : :

,ﬂzpoard ‘ T ,“h’  .gif;ff.n Q',i f v  '  ¢?\[}  .

There are multiple enLry p01nts 1nto the keyboard handler de-
- pending on the type of keyboard input present. Scparatc entry
~points are provided for the normal alphanumeric keys (A&, B, etc.),
- the function keys (insert, delete, ¢tc.), and the program attention
- keys (F5 through F22). The scan keys (up, down, left, right) and
~ the relecase of the scan keys also have ucpardtc entry p01nts.

There are entry points back to the flrmware Lor each Lypc of kﬂy
- board input. The firmware, upon rcceipt of a keyboard innut
~'such as the letter A, gives the user program control at the
~entry point corrcopondlng to the type of kecy activated (normal
“alphanumeric, in this case). The user program can then:

1. Pass the character back to tte firmware for normal =
- processing {(vie the firmware control at the normal
keyboard input entry pOLnL).‘_ _¢‘»,_ -
2. Ignore the character (glve the flrnuare control by -
- going to the di pdtcher) e . e

3. Use that charactcr to 1n1t1atc a unlque operatlon
v as defined by the user program and go to the dis-
"« patcher on complctlon. : : :
‘4. Perform processlng and then go to a dlfferent poxnt
for flrqure prOﬁesvlng.,

Note that-if no user program is Joadcd normnl flrmware proa'
ceSQ1ng will dutomutlcally cccur. - : : ,
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;T «pldy appears to the user program as,a'bloqk of RAM

o * This blocik is fixed size regardless of the screen
wv”“ ‘of the display (24 lines of 80 characters, 12 lires
characters, etc.). Different formits are accomplichsad
1o (D€ firmware including or cxcluding certain parts of the
i‘)ry« In so doing the firmware uses parameters such as
ghonkmory addross of ~he start of the screer and the end of
the 5c1ccn as wcll as an 1aent1f1catlon of the screcen format.

of ol

The USer program can address the dlsplhv rcmory as well as to :
the perameters menlioned above. 1In-addition, the user proyram -
can address the other pointers and flags which contain items
such as the cursor address, the control of the irdicators and
audlble alarm, tbhe beq:nnlng of the next line, and so on.

The user program then, can place 1nformatlon on th= CRT screoen,
read it, contrel the indicators and zudible alarm, move the
cursor, establish fields via the field control character, ctc.

- .

Communlcstlons L ~_’,;<

-

The firmwarc provxdes the user program w1th thc “blllty to send
text to the hcst and gives Lhe user yxooram control upon rCCGlpb

of text from the host.

Text is senL fron Lhe UTS 400 by preyarlng the 1nformatlon to
be sent in the screen memory or a portion thereof, and pacssing
a transmit to the flrmware at the approprlate return poxnt

hen text is- recc1ved from the host the user progrgn is given
control at the spccified entry point. The user program can
then operdte as deslred on that screcn of 1nformatlon.

In terms of p01nters and flags, the address of thls partlcular
UTS 400 (RID and SID), the DID or the host operation, the type
of transmit belng used etc., are all available to the user .
program. s LT T T R e g e A

Perlbherals' e e

The firmware provides the User program with zn interface to |
the peripherals. Through it the user program can send data
to the peripherals, retrlevc from Lbe pcrlphe;als, perforn

’seaxches, etc. ..,_ - N T -

In order to perform an operatlon, Lhc user must p}ace in-
formatlon related to Lhe opcrablon (pcrlgheral dCSerQ, mode"» '

‘.

Program R3M or the screen by-piss nemory may also bs Lsed -
for rccc1v1ng or sendlng ddta by the user. . :

he B -
. .
S .
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Aé{data flow, search address_if not on screen) intlocziions

and pass the initiation screen by pass or--Ri{rcosteand (print

or transfer) to the firmwware. Depending on the operutnon,

data is taken from the screen and sent to the periphoral,
brought from the peripheral to the screer, or the centrcl’
operation such as searching, is performed. Upon completion -
the uger program 15 given control at an entry point for
perlphcxdls and a conpletion status related to the operation

is placed in a location so that the usger program is aware of
the success or failure of the ope cration. -

Program Génoratlon e o -f{"_~°

So as to noL require a diskette and/or exces °ive amounts of
random access meiory the UTS 400 offers no assanbly or com-
pilation capability at the terminal. As such programs must

be assembled or covplled at the host systcm and thfn dovnline
loaded. : ]

Programs for the UTS 400 can be generated using either an
assembler or a compiler. The asscmbler, MAC-80, allows pro-
grams to be written using a symbolic representation of the

UTS 400 microprocessor instructions. This program is then
~asscmbled in the host. The compiler, PL/l, allows user pro-
‘grams to be expressed in higher level statements. This pro-
gram is then cqmplled in the host. 1In either case the progrem
‘generatlon process is essentially identical to that for gen- -
~eration of programs for use by the host. That is, the program
is written in the form of program steps or instructions as
dictated by the host package (corpller or ,assembler) being
used. These are fed to the host using whatever file entry
media it supports (cards, online CRT, etc.). Once into the
host this file, which is the source program, is either assembled
‘or compiled to produce ancther program flle whlch can be QIVQH
-to a loader for sending aovnllne. e e

Since a user may desire thab more thaw onc program be avallable,
the compiled or assembled programs are placed in 'a llbrary on
-the host, from which tncy can be downline loadcd '

- Downlsine loadlng a program can be lnltlated‘ ,A

e -

1. By the operator ; L \}:" 2 +E”fw

2. By a program runnlng in the UTS 400

3. By a program running in the host  ,; i_
,Regardless of origin the request for load contains an 1denb—'
ification of the desired program. The host obtains the program

from the library and passes it to the loader which in turn dnvn—i-7

line loads the UTS 400. Special code sequences within the in-
formation sent allow the terminal to distinguish a program from
~data and as such, allow the program to bo placed in procxam
~memory for executlon. S : , o i



Joarams can be dovn line loadcd into U“S'400 memory or, optionally
/ijaced on UT'S 400 diskette. Once on diskette, programs can be
loadcd 1nto the UTS 400 for execution. e ) , :

In terms-of programmlng aids, ULlllLy routines are provided to
facilitate pregram gencration and up linz recall of the progrean

is provided for debugging purposes. Local momory dunps, rogister
duweps, memory and register modifications, and exccute with selected
dumps are all part of ;rogream dovolbpmmnt alda. - : :

The utilities which are written in HAC 80, can be included in
- the source program to simplify progrem generation by freeing
the user programmer from details of operation he would other-
wvise have to consider. A variecty of utllltlea are provided.
A preliminary list of library utilities to be provided are:

UtlllLy Library
Function Names and Groupings
Utility Library Function Calls
Problem Programs written in MAC 80
Problem Programs written in PL/M
- Parameter-List Details ' S

~ Return Condition Code Bytes '
,Packod Decimal Number Repre%entatlon

) Arlthmetlc Routine D talls
- Add '

. Add Packed (ADDD)

- Zero anda Add Packed (ZAP)

- Add Binary (2DDB)

. Subtract
‘Subtract Packed (SUBP)

- Subtract Binary (SUBB)

CMultiply . -

. Multiply Packed (MUL)
‘Multiply Binary (MULB)
Divide
Divide Packed (DIV)

" Divide Binary (DlVB)

- Compare
Compare Logical Characters (CLC)
Compare Packed Decimal (CPD)

DaLa Nanlpulatlon Routine Detalls

Move

Move left-right (b’OVE)

~ Move right-left (1iOVRL)
Edit and format for output (EDIT)
Edit Pattern Characters

The Field Resulting from the EDIT Operatlon
Edit Pattern Length

Edit Sign Con°1deratlons~
Justify

Left Justify (LJU%) ‘

Right Justify (RJUS)



. on Routinc Detdils

J{ .i:latc Characters (TR Ho)
a Decinal

pacimal (PACK)

ynpack De cimal (1K)

pack Characters V/TTO’]lnq Sign (““CYT)
Unpufk to Characters w/Trailing Sign (urrrT)
Ascii | T
‘Convert Binary -ASCII (CVBTA

Convert ASCII-Binary (CVATB)

Convert Hex-A3CIY {(CvHTA

Convert ASCII-licx (CVATIL)

‘Multiple Bases o

Convert Any Base Number to Blnary (CVNTB)

‘ JCI\C
pack

Debugging Aids Routinc Details

Dcbug Monitor (DEBUG)

Debug Monitor Execution

Debug Monitor Operation and Commdnds
‘Command (BHPF OUTPUT)
Command (DISPLAY DATA)
Command (FILI, MEMORY WITH CO\L;TANI‘)
Command (GO TO) ;
Command (HEMADECIMAL ARITHMETIC)
Command (MOVE MEMORY)
Command (SU3STITUTE MEMORY)
Command (EXAMINE AND MODIFY RLGIQTERS)

'xmzmmwcm

‘Screen Nanagement Routine Detallsi
“Field Generate ~
Write to Field

~ Read from F*c]d
Clear Screen
. Clear FCC's

Flle Nanaqemcnt Routlne Dctalls
Write to Printer
‘Read from Tape
Write to Tape |
“Read from Diskette
Write to Diskette

«



j{if;catzoh nrief

“In ‘order to 0>p3a1n the appllcatlon of a UTS 400 in an OWC“Eth al
mode, the following is a description of a typical oppllcatlon

which involves the UL5 400, its peripheral °“b°vst(ms as \ell as.
transactions with the host. : R

It. is assumcd that an order entry application has been devcloped
for an automobile parts distributor. The customers of this aQis-
tributor are retail and wholesale outlets for auto parts. Customers
- will) call the distribution center order office using a toll frce
number and will be connected with one of a number of order cntry
clerks who are using a UTS 400 cluster for this application. The
person placing the order will prov1dc the operator with either

the customer name or customer number. Upon keying this data

into the UTS 400, an intecraction with the host will occur which
verifies thc customer name/nunber, ascertains credit rating and .
if verified will provide to the UI'S 400 subsystem the full customer
‘name, address, credit limits, discount ratios, and any special
shipping instructions, etc. : : Lo

' 'Aiter the customcr name has been Vtrlfled the customer Vlll pro-
vide the stock number and the quantity to be ordered. At the
-completion of each entry a program attention key will be de-

- pressed.  This will cause an interaction with the host. The
host will receive the selected stock.number - verify it, rec-
ognize any supersessions and supply to the UTS 400 information
related to the item such as; description, cost, weight. Note
that in this application the operator can be keying additional
items while the verification and communication with the host

are occurring. As each item is verified the information Quppljed
by the host will be displayed on the scxccn, and be wrlttcn on
the diskette vubsystcm. . . - :

When the host has supplled all of the reqheqted dzta the operator
"will verify the item deocrlptlon,,any error, or out of stock
conditions with the customer. - R U . N

¥When all 1tcms of an order have been confirmed a program cttention
‘key will be depressed, this will cause the local UTS 400 user
- to multiply each itam unit cost times quantity and calculate the
“total cost of them in order, as well as approprlate tax and
'ghlpplng charges. _
All this data will be gtored on the UTS 400 diskette subeygtem ‘
- to support other portlons of the transaCtlon.v ‘

At the completlon of the transuctlon, this 1nformetlon ‘will be
stored on the diskette subsystem and will be used to periodically
. produce printed outputg to be used by warehouse pcrsonn;l and

- shipping clerks in the picking, packlng. and shlpplng of the
~.order to the cuqtomcr., :



