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SECTION 1. INTRODUCTION

The SCRM (Scan Converter/Refresh Memory), in combination with a

suitable radar and signa l processing system , has been a u seful tool for

the radar meteorologist. Its memory capacity, howe ve r , is inadequate to

permit detailed stud y of the t ime-vary ing structure of meteorological

phenomena. It can store four images manually-captured at different times;

however, a detailed comparison among them is difficult because they

appear in different displays. In addition, this mode of operation compro-

mises the display of more than one variable or the use of the CAPPI

(Constant Altitude Plan Position Indicator) display mode.

This equipment information report describes a TLIS (Time Lapse

Storage) system , based on a large rotating magnetic mass memory, which

expand s the memory capacity of the SC RM by more than two orders of

ma gni tude. The TLS periodically acquires sets of images from the SCRM

during normal system operation. Later, the TLS can be directed to

enter the recall mode in which sets of image s, addr essed either by time

of stor age or set number , can be ‘ecalled to the SCRM’ S displays in a
variety of manual or automatic forward or reverse sequences.

6
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SECTION 2. GENERAL DESCRIPT ION

The heart of :he TLS is a la rge  magnet ic  di sc  ma ss  s t o r a g e  uni t .
Becaus e d:scs are t n v a r i ab l v  desi;ned wi th  c c n t r c l e r s  c o m p a t i b le  .vith

some p r ocessor , the mos t eco nomical and f lexible  ~rnp iement ation for  tne
TI_S includes a small processor , even though the required performanc e
could certainly be achieved with a special purpose hardware  design.  The
(all owing section descr ibes  the hardware conf i guration of the T L,5 and how
it fits into the SCRM , while the last section gives a general  descr ip t ion  oi
how the TLS is used and wha t leve l of per form ance  it can achieve.

2. 1 System Configuration

A block diagram of the TI_ S is presented as Figure 2 - 1.  The ó1’ là
processor chassis , containing the processor  itself , 32K bytes of 1 micro-
second core memory  for program storage and data b ufferiig, and th e
various peripheral controllers, is mounted in. the SCRM cabinet be l ow the
DISPLAY INTERFACE CONTROL panel. The MODEM , formerly located
in this position , has been relocated sinc e easy access to it is not mandatory .
The power supply for the 6/16 processor chassis is Located behind the
chassis, mounted from the rear of the cabinet.

As described in later sections , the SCRM ’ S DDI card requires

modifications to interface it with the TLI (Tim e Lapse Interface) circuitry,

added to the MAC card in the SCAN CONVERSION PROCESSOR chassis.

The TU is designed to communicate with special hardware added to a UL.~vi

(Universal Logic Interface Module) which plugs into the ó/ 16’s SZLCH

(Selector Channel) bus. The resulting interface allows block transfers of

image data in either direction between the SCRM image memories and

16K bytes of the 6/16 core memory set aside as a buffer. These transfers,

accomplished by means of a cycle-stealing direct-memory-access process,

can reach transfer rates of up to 2 x 106 bytes/ second but are limited to
slightly lower rates by SCRM limitations discussed in later sections.

7 
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The co~te~ ts of the IôKB buffer are transferred to or from the disc,

an MSMSO Removea.b le Media Mass Storage  Module , via a two-card disc

controller  also connected to the SE LCH bus . The buffe r capaci ty  exactl y
co r re s pond s to that of one t r a c k  of the d isc , th us a block t r a n s f e r  can be
achi eved in one r o t a t~ on p e r io d  Cr 16. 7 mi1l~se:c nds , ~c a pet-: : r a n s f ~ r
rate of 1 .2  x 10b bytes  se cond. The fo rma t t ed  capaci ty  of tn e  rernove ab ie
disc pack is b7,420, 160 bytes, or 823 five-track cylinders of 81 ,920 bytes
each. Each, SCRM image requires 320 x 256 x 4 bit s or 40 , 960 bytes wit h
tw o pixels per byte.  ~ hus , 2. 5 t racks are needed per  image and 2 cy Linders
can contain an entire set of fou r  i m a g e s .  S to rage  of over 400 sets  of
images is thus poss ib le  in the M SM SO .

A n Ext e r n a l  Samp le Pulse input is prov ided so that  the ac~~uisi c ion

of sets of images ca n be synch roni~ ed wit h external p rocesses  suc h ~s
antenna scanning . This pulse generates an interrupt in the tJLLM. Internal
timing is developed by a programmable Universal  Clock module.

Control of the TI_S is accomplished through a GFE Contr ol Console which
can be either a teletype machine or a CRT terminal. A PAS t_A (Programmable
Asynchronous Line Adapter)  interfaces the console with the 6/ 16 and also
allow s interprocessor communication us ef ul in softwar e development .

2. 2 Operational Capabilities

In addition, to the 400-set storage capacity, there are time limitations
on the block transfers between memories. These arise from transfer rate

and synchronization-time bound s and are 620 milliseconds per set of images
going to the disc , and 850 milliseconds per set of images be ing recalled.
These times include rotational latency and head relocation of the disc drive .
The transfer times have been made as fast as possible without extensive
SCR.M hardware changes in order to avoid both ambiguities in acquisition
of changing images and annoying visual effects during recall. The transfer
sequence has been designed so tha t the radar data area of each image (2
tr acks ) changes in onL y 167 milliseconds during recall .

9
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The operator controls the TI_ S th roug h the control console keyboard

by means of simple command sequences which specify the desired operating

mode and parameters. In the Acquisition mode, the operator can select any

sam pling interval up to ~O minutes , in one second inc remen t s , in order to

match ~. wide ran ge of r a da r  scan ra te s or m c d e s .  At each sampl ing tim e ,

the conte nts of all fou r SCRM image memorie s are au t omatically stored on

the disc. The time, in a DAY :HR:MIN format , is reco rded separately for

each set of images. An External Sample Pulse inpu t is provided so tha t

sampling times can be synchr onized with antenna scanning sequences if

des i red .  One application of this feature w ould be in acquiring a series of

CAPPI presentat ions by t r igge r ing  the TI_ S at the end of each ele vation

sca n.

Acquisition can als o be programmed to stop at a certain image set
number , or to over-write the oldest data sets . More than one sequence
can be acquired by specifying appropriate starting and ending set numbers.

The Recall mode offers the operator a. wide variety of display
sequences made possible by the access proper t ie s of the disc memory .
Automatic sequential. playback either forward or backward in time is

possible with display times ranging between one and 60 seconds per image.

Any number of cont iguous sets of images can be ind efinitely cyclically
repeated for detailed stud y. Manual incremental access in either direction
is possible . Random-access is achieved by operator entry of the
DAY:HR:MIN tim e desired; the TI_S subsequently finds and displays the
image set having the closest time to that jest entered. From this starting
point , any of the automatic or manual display sequences can proceed.

In some cases , it may be desired to retain one or more of the SCRM
image memories for other applications . For this reas on, the TI_S
includes independent “Playback Enabl&’ controls for each of the four display
channels.

10
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Ac quisition and recall are not mutually exclusive. If the acquisition
sampling interval is greate r than the time for one antenna scan, then the
remaining time can be used for recall. The basic tim ing for this scheme
is i l lu ~ t r a te d in F igur e  2-! , w h er e  the “sample pulse ” is generated etther

~~~ Sampling Inte rval
• Int. - Ent. thru Console
• Ext. -Determined by

I Pulse Period
“Sample Pulse” I

—& 
~~ — DELA Y

SC R.M ( Enabled 1 T ~~Ant .Scan Time
Vj deo Disabled .—J I (Ent .  Thru Console) 

______________

I J RECALL
Operation: OBL1T ACQUIRE OBLIT

Scan
Conversion

Figure 2-2. Acquire During Recall Timing

internally by software with period specified by the user through the console,
or externally by a pulse which generates an interrupt throug h the TL.t. The
radar data areas of all selectal display channels are erased at this time by
a subroutine called OBLIT $0 that ran ge or altitude markers stored as
color 15 will not “show through” the newly scan-converted images. In this
mode the user must also specify a. DELAY time, equal to or slightly greater
than the time for one antenna scan, to allow for the scan conversion process
to take place in the SCRM in the normal way. After this delay, fur ther
“Store Video” operations In the scan converter are inhibite d in all display
channels previously selected for recall. The current set of images is then
acquired by the TI_S which the n enters its recall mode which can continue
under normal operator con~~ol until the next samp le pulse.
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SECTION 3. OPERATION

3. 1 ~ y~stem Startup and Shutdown

Assuming that the command cons ole is a CRT te rminal, following these

ten steps will read y the sys t em for  operat ion:

I .  Make sure the scan conver te r  power swi tch  is ON and the MODE
switch on the DATA TRANSMISSION CONTROL panel is OFF.

2. Turn the key-operated locking switch on the Interdata display panel
to the ON position.

3. Turn on the CRT and set the mode switch to LINE.

4. Turn on the AC circuit breake r switch located on the rear  pane l of
the MSM-80 Disc.

5. Turn on the disc DC power. Thu switch is located di r ectl y to the

left of the AC breaker.

6. Depress the START button on the front of the disc.

7. Watch the disc READY light. When it stops flashing and remains
stable, you may proceed to the next step.

8. Depress the DTA button on the Interdata display panel.

9. Depress 4, 0 and 0 again.

10. Depress ADD , 1141, and than RUN. The system will reply with a
message and a prompt (*) to the CRT.

11. OPTIONAL: Enter the system test command TEST through the CRT
to ensure that the above steps were carried out properly. U system
test fails, repeat above procedure before suspecting a system failure.

The system will now respond to CRT input.

CAUTION: The MSM-80 DLsc must be treated with extreme care.
Please refer to Interdata ’s Publication Numbe r 29-512 ,
“MSM Removable Cartridge Disc System Maintenance
Manual” for full Installation and operation details.

12
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NOTE:

If it become s apparent the system has becom e hung u p  while operating;
that is , it will not accept or react to any commands; it is not necessary to

repeat the entire turn-on procedure. Merel y:

1. Depress SGL button on Interdata di splay.

2. Repeat from Step 7 of the Turn-on procedure.

Following these steps will safely shut dow n the system:

1. Enter the STOP command through CRT.

2. Depress SGL.

3. Depress the START button on the front of the disc.

4. Watch the disc READY light . When it stops flashing and remains

stable , you may proceed to the next step.

‘5. Turn the DC power swi tch on the rear of the disc to OF~F.

6. Turn OFF the neighboring AC circuit breaker.

7. Turn OFF the CRT.

8. Turn the key-operated locking switch on the Interdata display panel
to the OFF position.

3. 1. 1 Reloading_the System

Facilities have been provided to save the system program on the
MSM-80 Disc , so that it can be easily reloaded if for any reason core is
wiped cut. The procedure is as follows:

1. Be sure the disc and 6/ 16 are ON and read y.

2. Load memory locations as follows:

Addr Contents Press:
007A FC35 (‘DTA 7A ADD
007C FBFO ) DTA FC3S WRT
007E 0111 ‘~ DTA FBFO WRT

L DTA 111 WRT

13 
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3. The three-position Autoload switch is edge m ou nted on the right side

of the second board from the top of the 6/ 16 chassis. It is normally

in the DIS position (extreme left).  Move it to the center position.

4 . Depress INI on the console . The system will, be reloaded and auto-

matically sta rted.

5. Move the Autoload switch bac k to the extreme left position.

3. 2 TI_S Command s

Table 3-1 summarizes wha t commands the TLS Command Processor
will acce pt and describe s in detail the actions each command initiates.
Whe n spe cif ying a recall or acquire sequence , bear in mind that the disc

set numbers are treated on a modulo 400 basis.

3 .2 . 1  Recall

It is advisable to input an SDC command before specif ying a recall

sequence be cause system star tups and STOP command s clear any previousl y

selected dis play channels. If the user neglects to seleet display channels,

TLS s till enters the Recall mode but will not write to the screens until

displays are selected. The system would not suffer, but unnecessary

confusion would probably result when the u se r realizes the seque nce he

specified does not appear to be in progress. Also , note that the sequence
will, begin at the specified starting set no matter how long the user delays

before entering an SDC command .

3 .2 .2  Acquire

Almost everything the user needs to know about Acquire is contained
in Figure 2-2 and Table 3-1 . The need for obliterating the screens vanishes
if the user doe s not plan on specif ying a recall sequence during Acquire.
In order to prevent this potential annoyance from happening, ente r STOP or

SDC Carriage Return before inputting an acquire command; however, a non-

zero delay time must still be included in the command .

14
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3. 2. 3 Recall During Acquire

The timing of operations occurring during this mode is depicted in

Figure 2-2. Du ring the delay interval, recall sequences are merely
suspended- -they are not terminated. The sequence will continue from

where it was sus pended when the delay interval ends. The user  should be
aware that an OBLIT signals the beginning of the delay period. Recall’ s
cyclical output option should be avoided in this mode, because the user will

not be able to halt Recall without also stopping Acquire (STOP command

stops both). The user should enter SDC Carriage Return as described in

Section 3.2.2 after the recall sequence ends and the last recording has

been obliterated , if he doe s not plan on entering another r ecall command

shortly.

3.2.4 Storing Thresholds

The tedium of storing a set of thresholds onto the displays has long
disturbed SCRM users. If allocating a few sets exclusively to threshold
storage doe s not pr esent a pr oblem, TI_S may be used to simplify the task

somewhat. Commonly used thresholds should be stor ed in reserved set s
specified by the user .  Whe n a particular set of thresholds is desired ,
follow these ste ps:

1. Depress the blue ERASE DISPLAY buttons on the DISPLAY
INT ERFACE CONTROL panel.

2. Depress the STORE THRESHO LDS buttons on the SCAN CONVERSION

PROCESSOR panel.

3. Recall the set of desired thresholds.

3 .2 .5  External Sample Pulse
The external sample pulse is a TTL level signal which goes low when an

acquisition is desired. Thi s signal is to be applied to the BNC connector
mounted on the TI_F and facing the iront panel. The pulse may be of any
duration greater than 100 ns and less than 1 ~s.

17
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SECTION 4. DETAILE D HARDWARE DESCRIPTIO N

The interface between the SCRM and the TLS 6/ 16 Control Sequencer
consists of the Time Lapse Formatter (TLF), contained on a Universal
Logic Interface Module plugged into the 6/ 16 chassis, and Time Lapse
Interface (TLI ) logic which was added to the Memory Addres s  Generator
‘MAG) wire-wrap panel in the SCRM. The TI _F  interfaces with the 6/ 16
control  and memory bus. Interconnection between the two locations
requires a ten foot cable carry ing 23 active signals. To ac hie ve er ror- f ree
performanc e , each signal is ca rried on a terminated unbalanced pair in
a f la t  ribbon cable . The cable contains 25 wire pairs and interconnects
between a 50-pin connector on the TLF and two 26-pin connectors on the
TLI. Two spare pairs are provided for fu ture expans ion.

4. 1 TLF-TLI Interaction

The basic logic for interfacing with the 6/ 16 SELCH bus is supplied
on the TJLIM as purchased from MDB Systems, Inc . It includes data line
drivers  and receiver s, device add r ess decoding , interrupt circuitry, and
status and interrupt gating. The U LJ.M also contains 92 wire wrappable
sockets for IC logic designed by Raytheon hereafter referred to as the Time
Lapse Formatter (TI_F) . A block diagram of the TLF and the TLI are
shown in Figures 4-1 and 4-2. All data transfers between the SCRM and
the TLS disc memory are performed via the TLF.

Data transfers from the SCRM to the TLS disc (Acquire Mode) are
initiated by the 6/ 16 when it send s a start c cinmand (ITFR = 1 and all RE
bit s 0, see Table 4-2) to the TI_I via the TI_F. If neither SDF Test has
been selected , the n SDFT = 0 and the Initiate Transfe r command is accepted;
ITAC goes high. If the 6/16 senses status at this time, it will find Device
Una vailable (SIN7 ) to be false , thus it can ver ify that the command was
accepted. Since all RE bits in the command byte are false, RECALL is low

18
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so that the BWOK flip-flop is not set but the FTOP flip-flop is enabled to be

set when the first Data Request pulse is received through the C? logic.

This first pulse indicate s that the SELCH has received a CO command, has
found BSY (SIN4) to be false (the ~ .i1fers in the T L.F are designed to s tart
each transfer with BSY false), and has requested the first ha.Lfword of data
then. set BSY high. The software ignores thi s f irst  halfword since it consists
of the old contents of the Output Buffer.

With FTOP now true , up to 16.7 milliseconds elapses until the top of
the SCRM raster scan field is reached , at which time BRIP goes high and
enable s the READ Synchronizer , which then generate s seve ral different
timing pulses at a peak rate just under 3 MHz. BRCK is applied to the
address counters since RECALL is low . PSDG becomes PXDE to capture
pixel data on the particular MIU selected by the BLOCI< Counte r , channel
one at this point in the sequence. PXDS informs the Pixel Deformatte r’ that
a pixel is arriving on the PXD BUS from the selected M.ItJ. More will be
said late r abou t READ Synchr onizer operation.

Pixel data enter the Deformatter in bursts up to 128 pixels long with a
uniform rate during each burst o. just under 3 x i0~ pixels/sec. The Pixel
Deformatter in the TI_F builds a 16-bit halfword from 4 pixels. When 4

pixels have been received, the Pixel Deformatter strobe s the haLfword into
the Output Buffe r which then makes a Transfe r Request to the 6/ 16 SELCH
by setting BSY low . The 6/ 16 SE LCH transfers the halfword into its buffer
memory by issui.ng a Data Request str obe ; meanwhile the TI_I continues to
transfer pixels. The 6/ 16 SE LCH can transfer 106 hai.fwords per second ,
while the TI_I transfers data at a peak rate of 0. 75 x 106 h.aJ.fwords per second.
Thus the 6/ 16 is required to use only a max~.mum of 75% of its data transfer
bandwidth . Transfers continue until the 6-/16 SELCH has received the re-
quisite number of data at which time it terminates the transfer process.
Te rmination also occur s in the TLI when the address counters reach the
End of a Block and EOB goe s high.

21.
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Data t ransfers  from the TI_S disc to the SCRM (Recall Mode) are also

initiated by the 6/16 which sends a s tart  command (1TFR = 1 and one or

more RE bits = 1, see Table 4-a)  to the TI_F . If SDFT = 0, then ITAC goes

high which can be ve r if ied by a sense statu s operation by the 6/ 16. Since

one or more RE bits , corresponding to those channels which are to display

recalled images , are true , RECALL is true and the BWOK flip-flop is set

while the FTOP flip-flop is not. The SELCH receive s a GO command and,

finding BSY low initially, issues a Data Available strobe to the input Buffer

which accepts the f i rs t  halfword then sets BSY high.

The Pixe l Formatter  accepts the ha lfword from the Input Bu.ffer and

t r an sfe r s  pixel characters  sequentiall y to the SCRM via the PXD BUS . Mean-

while , the Input Buf fe r  requests  the next halfword by setting BS’Y ‘false and

the n make s it available to the Buffer/Format ter  which accepts  it when it has

transferred its 4 pixels to t1~e SCRM. The PD~EL AVAILA BLE signal remains

low until the f i r s t  pixel is read y to go at the formatte r output , at which time

BWIP enables the WRITE Synchronizer .  The Bloc k Wri te  operation is much

simpler tha n the read because the re is no need to synchronize to the ref resh

raster scan timinj, only to the individual 1.67 usec  SCRM memory cycles

during which one pixel is written in a disp lay channel and at an address deter-

mined by the TI_I address counters.  When enabled , the WRIT E Synchronizer

generate s several dif ferent  timing pulses at a peak rate j ust under 6 x 10~ Hz.

BWCK is applied to the address  counters  since RECALL is high. PXWC

becomcs PXWE to enable pixe l data f rom the PXD BUS to the C registe r input

in the pa r t icu l a r  MIU selected by the BLOCK Counter , channe l one at this

point in the sequence. PXWE control line s for cha nnels having their RE bits

low are disabled. The PXWE lines are also or ’d with DDI MWE line s on the

DDI; these signals travel to the SCRM~s DCU card where they 
initiate memory

read-modify-write cycles so that the pixels on the PXD BUS can be written

into the appropria te  image memory.  PXWS clocks a pixel out of the formatte r

and enables it onto the PXD BU S.

22

— ~~~~~~~~~~ - - ~~~~~~~~~~~~~ -—~~~~~~~~~ 

- ‘ - 

——

~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~

0

2 °  ~-ci~U o

0

‘-4
‘-4

t..

0 
1)

‘-1
~~

•
- ‘0 

.

~~
0

U

I 00 -,
— -4

0

0 •

0 0
0

0

C

a -
t.

-
.

-- I i  ~~L)

0 ~~~

L ~~~~



-
~~~~~

-,.---.—. . .-— . - — - - —— ——- --— — —.--.—-- —-, -—-— ~~~~~~~ — ---- - .  — -- — .  .— ,— --.--- . —. ----,-

i_i Ii ‘4

0 °

L.~..1

I 0

I 0
~~~~~~~~~~~~~~~~~~~~~ 

_ 
..

-

~~~

-

11~ ~::~ ~~~~~~~L ,
I I  ~~~

,. e~_~_

I 

• ‘~ 4~d i (I,

~~~~
- ~~~~L_..,

—

— ~~~~~~
~~~~ ‘0 — j ‘4

— tt ~ —

0

— —

II  — 
. 

—

I

~~~~~~~

m

-

I — 

~~ 
—

~~ 

-

—

& 

~T 17 L H ej 

~~~~~~~~~~~~~~~ 

-iJ
~~~~~~~~~~~~ ~~~~~~~ ~~

~ 
cJ~~~ Q 0 ~0 ~~~~~~~~~~~~~~~~~~~ ~~

24

---. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - --
-~~~~- -~~~~~~ ~~

- - --
~~~~~~~ 

-S- - - — -
~~~~ 

-.-- - — - —
~~~~~~~~



— 
~‘~‘“ 

— ‘
~

‘
~~~-

The SCRM can accept data at any rate up to about 6 x lO~ pixels per

second thu s requiring a maximum of oniy 15% of the 6/16 data transfer
bandwidth. Transfers  continue until the 6/ 16 SELCH has output the
requisite number of data at which time it terminates the transfer process.
Termination also occurs in the TLI when EOB goes high.

The BCLR signal, bit 3 of the command byte (see Table 4-2) ,
provides a means for separately clearing the BLOCK Counter which cannot

be cleared at the end of every block when ITFR goes low as are all othe r
cou nter s and flip-flops. The System Clear pulse or SDFT, however , clear

all counters and flip-flops in the TI_I.

The TLF Interrupt is made available for operation by the External
Sample Pulse. The Interrupt has no functional relationship in hardw are to

the TLI. A modified ve r sion of the Standard Interdata U niversal Logic
Module test is provided and is described in Append ix A.

4. 2 TLl Address Sequ ence

The sequence of image data transmission is best understood ’with the
aid of Figures 4-5 and 4-6 . The order of acquisition and recall of pixels
is determined by the address counters on the TI_I.. The sequence always

begins with the even pixels in the radar data area of Display Channel One.
In the Acquisition mode , data are taken from the SCRM at the same time as

the y are being outpu t to refresh the video monitors so that acquisition can be
accom plished withou t affecting other SCRM operations. Because the data
rate to each monitor is 6 x 106 pixels per second while the 6/ 16 buffer
memory can transfer a maximum of 4 x ~o6 pixels per second , only every
second pixel can be transferred during a scan resulting in a rate of 3 x io 6

pixels per second . Eve n numbered pixels are transferred during one fram e
and odd numbered pixels during the next frame. The radar data area
occupies the f i r s t 2 50 pixels of each raste r scan line . A convenient block
size in the 6/ 16 buffer memory is 2 pixels ( 16K-bytes)  so 128 eve n

numbered pixels are outpu t from each of 256 scan line s of one frame to
comple te one block. After the 6/ 16 has transferred this block fr om its

25



— 

- 
‘ 

—~----—--— ~~~~~~~ ‘-—-——-—— ~~~~~~~~~~ .~~ - z :  - - ‘ ‘  -~
---.-- —- ---—-- - 

~~~~~~~~~~~~

o ~~~‘t ~
—

e~~~fl
0 U.I —— —

—
0’ - -  —

‘0
—

N C’.

— - -  -~~

C
V

‘.0 ‘3
— I’~~~~ L~1

‘0 ~~ ‘-4 cri
— — —  -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

‘0 ~ 4 ‘3
— .

N ‘4

— — -  V —

~~ 14
‘0 r

~~‘ ‘.0 (‘J — p-I

V— — — —  C

1 0 —

I ~L — — -  — r~4

‘0
(•‘J — — m n

1-3
— — -  — I-,

4:

‘-4
0

— 0 * 
‘3

0. .~~~ ~~~~
. 

~~~ 
‘I

0 ~~ >‘ ‘4

~ .4
~~

26

- - ~~~~~~~~~ -



- - -  - 
--——-

~
— -

~~~~
- - —--

~~~~~ -

— a a

o ~ 0 ~
a — — — — _ S — e S — S

“4

14

0’ 0

— $4

0
14
V

‘3
C

I-

a

___________________ ___________________ 0
U)

— — — ~~~ _~ _ — — — .1.! _ S —

a a a a
- .

— ~‘4 ‘0 N

27

- -- -—-----  --~~~ - - --
~~~~ ~~~~~- - - - - -



_.c--- — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘

buffer memory to the TI_S disc and the next frame starts , another block
of data is allowed to be t ransferred , this tim e from the odd numbered
pixels (BC = 1). Alter thi s block has been t ransfer red  to disc and the next
f rame sta r ts , anothe r smalle r block of data is allowed to be t ransfer red .
This 4K-byte block contains the 32 eve n numbered pixels per line from the
ancillary data area ( pixels 256-3 19) of channel 1 and fills up  only one -
quarte r of the buffer in the 6/ 16. The next 4K block (BC 3) comes from
the odd pixels of the ancillary da ta area of channel 1. The process
continues , as indicated ~n Figure 4-6 , with the eve n points f rom the
ancillary data area of display channel 2 , and so on until all fou r cha nnels
have bee n t ransferred.

Blocks are of two sizes: 16K bytes or 4K bytes.  The larger-sized block
occupies exactly 1 full track on the disc and thus requires 1 revolution period
(16.7 nu s) plus access time to transfer to or from the 6/ 16 memory via the
SELCH. One video frame period is also 16. 7 ins. Since the video fram e
period and disc rotation period are identical , suc ce ssive blocks of rad ar data
can ~e transferred from the SCRM to the dis c in 3 frame periods , 1 of which
provides rotational access time for the disc. The smalle r ancillary data blocks
fill the 16K buffe r in 4 fram e period s then require ,l t o ac cess the di sc and 1 to
write the 4 small blocks on disc for a total of 6 frame pe riods. Halfway
through the sequence , afte r 2 channels have bee n transferred to disc , the disc
head mus t move to an adjacent cy linder. This adjacent-track seek take s 8 ins.
Thus , the total time to transfer the 4 images in 1 data se ’ from the SCRM to
the disc is 37 period s or 0. 62 second.

Transfers from the TI_S disc memory to the SCRM (Recall) occur in the
same order but take longer because the maximum transfer rate into the SCRM
is 6 x 10~ pixels per second. One block of 2 ’~ pixels requires 55 ms or
3-plus raste r fram e period s to write into the SCRM . Allowing 1 disc rotation
period for the block read from disc to 6/ 16 memory and 4 to transfe r to the
SCRM results in 5 rotation periods per 16K-block. The 4 display channels re-
quire a total of 10 transfers and 1 disc cy linder seek time (1 rotation pe riod)
which req uires 51 disc rotation period s or 0. 85 second to transfe r 1 image set.
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The same TI_I address counters are used to generate SCRM write
addresses as are used to keep track of addresses during SCRM read
ope rations. However , during write ope rations the write address is inde-
pende nt of the ref resh  address and write operations occur continu ously
throughout the frame s without regar d to raste r scan position.

The notation used for the addresses is (XL , YL) where (0 , 0) is in
the upper left and (319 , 255) is at the lower right. Bits are numbered
according to the scheme used thr oughout the SCRM: the XLai bit has
weight Z n __ note  that this is oppo site to the Interdata scheme. The XLO
bit is the least significant of the XL bits, but note tha t its source is not
the X Counter but is the LOGIC driven by the BLOC K Counter.  Likewise ,
the M.SB XL8 originates at the block counte r logic. The state of these two
bits for each block counter state is illustrated in Figure 4-5. Note tha t
XLO controls whe ther even or odd numbered ~ixels are to be t ransferred,
while XL8 determine s whethe r ancillary or radar dat a areas are involved.
When XL8 is true , the X Counte r becomes modulo 32 so tha t the smaller
blocks can be properl y assembled.

Returning again to discussion of the acquisition mode , the operation
of the Read Synchronizer need s further explanation. Unlike the block
write process where the TI_I address counters directly address  location s
in the SCR.M ’s image memories, the block read timing must be closely
synchr~~ ized to the SCRM refresh raster scan timing . To accomplish this
synchronization, numerous DCU signals are used to control the operation of
the Read Synchronizer ’s own X-addres s counter.  In the Read Synchronizer ,
XLO dete rmines whe the r PXDG, BRCK and PXDS are phased to acquire even
or odd numbered pixels. XL8 determines whether the se pulses should be
generated during the radar data area or during the ancillary data area. The
variou s possibilities are illustrated in Figure 4-7. Figure 4-4 is a detailed
timing diagram of the operation of the Read Synchr onizer. Its X-address
counter is modulo 320 , to correspond with the numbe r of pixels contained
within one raster scan line. The counter generate s PXDG, BRCK and
PXDS thr oughout the line until it reache s 320; then it halts and generate s
no strobe s throughout the horizontal retrace interval. The counter becomes
active again when the combination of .DCU signals signifying the beginning
of a new scan line arrive.
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4. 3 SCRM Modifications

Previously~ SCRM No. 3 was hard-wired to implement a scheme which
gave highest priority , within a given display ch~ r~nel , to contouring and storage
of radar video data. Thus , if a STOR.E VIDEO switch was on , no other
operation (Image Transmission, DDI write , etc.)  which needed access to
that channel’s memory bus was permitted to have it. The ACQUIRE during
RECALL mode required that this scheme be altered as shown in T able 4-1.

Table 44, Revised SCRM Priority Scheme
(within each display channel)

Priority SDF Test A or B Selected SDF Test A or B NOT Selected
Rank (SDFT = 1) (SDFT 0)

STORE VIDEO TLS RECALL
2 SDF (TEST A or B) STORE VIDEO
3 - SDF (Image Transmission)
4 - DDI ‘(Read or Write - 7/3 2 )

Implementation of this new scheme was done by modifying the priority
logic on the MAC card so that when a given channel has been selected for
recall by one of the Recall Enable command bits (see Table 4-2), all other
operations are prohibited in that channel. However, the STORE VIDEO
lighted pushbuttons remain on. Real time images are distinguishable from
recalled images both by their order of appearance on the screen and by their
time code, If either SDF test mode has been selected from the DATA TRANS-
MISSION CONT ROL Panel, TI_I and DDI operations are disabled.
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Table 4-2. TI_I Command and Status Bytes
0 1 2 3 4 5 6 7

Command: D~~ EN ITFR BCLR RE 1 REZ RE3 R~~ J
Sta t us : BCO BC 1 BC2 BC3 BSY LX LOM D~~~~J

6/ 16 Processor Device Code X ’8B ’ Not Used--Wired to Logic 0
for Proper SE LCH Operation

There was another problem with the original confi guration of the SCRM.
The four MIU’s each have the property of not ~Uowlng the color with code
1111 (red) to be ove rwritten (a solution to some range marker problems).
Thus, unless the displays were erased , range and altitude markers from
previous images , if located differently from those being recalled , would
show through. The DDI had the same problem of not being able to ove r-
write red.

Since the MIU ’s had to be modified to solve this red overwrite problem ,
it was decided to also implement other additions which greatly simplify
arbitration of access to various MIU busses and control lines. The ixnplen~ nted
solution was to let the DDI have control ove r the RD and WD busses and the
CDL and MWE con trol lines between the DDI and TI_I while adding a new
separate system for the TI_I. The MIU modifications and additions which
were implemented are indicated in Figure 4. 9. Now , aLl operations of the-
DDI and TI_I can occur simultaneously except for the case where the TI_I is
recalling while the DDI needs to read or write in the same channel. Thi s
conflict is arbitrated by giving priority to the TI_I. The four TI_I Recall
Enable command bits (see Table 4-2), are or ’d Int o the DDI’s status input s
so that the 7/32 can know which display channels are available.

Changes to individual SCRM cards are summarized in Table 4-3 ,
while affected schematics are listed in Appendix C.
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Table 4-3. Modifications to SCRM Cards

— Card Description of Change Reference
MIU (4) . add gates to disable 1111 non-overwrite Figure 4.9

add logic for PXD bus system Figure 4. 9

DDI • or PXWE with MWE to DCU Figure 4-2
. run select line LASM from MAC to -

S257. C inputs on Al, 2,3,4 &7

MAC . modify priority logic--add gates Figure 4. 8

. add moultiplexer for LASM Figure 4.8

. add 3S drivers to enter XL , YL Figure 4.8
at Input Reg.

. inte r connect with TI_I Figure 4.2

DCU • add butter gate for sending clock Figure 4.2
signals to TI_I
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~1Color Code 1111 Modif y Disable
Detectors Gate s

~~~~~~~~~~ 

:: LJ ____. )1111 ~

1

~ :,__.~~._ 
Low Disables 1
Color lIfl

- Non-overwrite IMWE ______________________

~ I’ PXEI

M odif y/ F ~ c DJ~ , 1 ~ 
S 0 IRestore ~ [R~~~. _____ ~ 1]  ~

Logic 
~ CCK~ F’~rnier1y from MWE I

*j~~~~ Added; 3-7408
1-74 175
1 -DM8832 MIU 1

L 1 -74157 J
r = = = = = = = = = = =

= = = = = = = = = = = = =
MIU 3

— 

MIU 4
L —  .

PXD BUS C . D 1 f l  

_ _ _  I1 -L 1 I I[ ULIM in 6/ 16
..fl 

4-0 4~ J TLI 1
FI gure 4-9. Additions to MIUs and new bus and control lines.
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SECTION 5. DETAILED SOFTWA RE DESCRIPTION

5.1 Operating System

Operating systems , in general , are designed to achieve a maximum

usage and flexibility of both the computer system and its peripheral devices .
However , since the Tim e Lapse Storage System (TLS) is a dedicated ta sk,

this f lexibility is not needed; hence , a complex operating system is not

needed either.

TI_S is based around an Executive and dr ivers  for each of the peripheral

devices. T he Command Processor , under Executive control , is res ponsible

for processing the operational command input and , upon receipt of valid

commands , ef fecting the operation of the prope r mode processor.

5.1.1 Executive

The Executive module , depicted by the overall flowchart shown in
Figure 5-1, utilizes COMPROC to process the operational command input
described in Section 3.2 and to validate its content . U pon receipt of valid

commands , the Executive transfers  command to the prope r mode processor.
AU drivers , although not a part of the Executive , are contained within

the Executive module.

5. 1.2 ACQUIRE Mode Processor

The ACQUIRE Mode Processor , depicted by the flowchart shown in

Figure 5-2 , is used to acquire the data f rom the SCRM and store the data

onto the disc memory.
The type of sampling interval, internal or external , is determined.

The internal sam pling interval is controUed by the timing of the Precision

Interval Clock , while the external sampling interval is cont rolled by an

interrupt from an external source.

The disc memor y can be part itioned into f iles of sets if desir ed which

allows more than one time history to be retained. The starting set number

of the file and the numbe r of sets in the file are extracted from the command
message and the general housekeeping is set up.
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The Acquire processor then sets the Acquire timer f o r  the specified
acquisition interval and i~eturns control to the Executive until thi s time
interval has elapsed. At that time the acquire timer is set again if more
sets are to be acqui red , and the radar data portion of the selected displa y
channels is obliterated to clear any range markers resulting from prior
recall sequences. Also , the delay timer is set for the delay time requested ,
recall is inhibited , and control is again returned to the Executive until the
delay interval has elapsed. At that time subroutine Getset (Fi gure 5. 3)
acqui res data from the disp lays and t ransfers  it ont o the disc memory in
blocks of 16 , 384 bytes until all data for the four displays have been recorded.

After all requested sets for this file have been acquired, a test is
made to dete rmine if cyclical output has been requested. Cyclical output
is defined as continuing the acquisition process after all requested sets
have been recorded by starting the output recording at the beg inning of the
current file.
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5.1. 3 RECALL Mode Processor

The RECALL Mode Processor , depicted by the f lowchart shown in
Figure 5-4 , is used to rec all the previously acquired data block from the - 

-

disc memory and output it to the SCRM for display on the available di~ pla.y
channels. - -

The display channel( s) to be acc essed by the TLS recall process are

selected. The remaining channels becom e available to anothe r system and
the TI_I will be commanded to bypass the output of data to them.

The mode of RECALL, manual or automatic , is then extracted f r om
the command message and is used to control the display of the time history
dat a.

5,1.3.1 Manual Recall

The set number Incr ement or decrement is extracted fr om the command
and added algebraically to the current recall set pointer. The requested data
are input from the disc memory and output to the TI_I driver in blocks of
16, 384 bytes until one entire set has been transferred. The recall- mode
processor then relinquishes control back to the Executive.

5.1.3.2 Automatic Recall

The starting set type , either by time of acquisition or set number and
number of sets to recall are extracted and used to determine the parameters
for the disc addressing. The starting set number is extracted for the set
numbe r type; the starting time is extracted for the time type. The starting
set for the time type is defined as the set with time code numerically
closest , within sixty minutes , of the specified time. A set increment ,
which is used to allow bypassing the next N-l sets , is also extracted from
the command; no bypass will take place if the increment field is left blank,
Finally, the display inte rval (time between sets) is extracted from the
command and the interval timer is forced to this value to start the processing
cycle.
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Control is returned to the Executive until recall time. At that time
the recall timer is reset if more sets are to be recalled and branching to
subroutine GIVSET (Figure 5-5) transfers one set of data from the disc
memory to the selected displays.

Afte r all requested sets for thi s file have been recalled , a test is
made to determine if cyclical output has been requested. If so , the recall
set counter is reinitialized to the starting set numbe r , and the entire recall
sequency is repeated.

5.1.4 System Directives

5,1.4.1 STOP Command
The user is permitted to stop both recall and acquisition at any time.

Recall is inhibited by clearing the recall timer and disabling the wr ite
process with an output command to the TI_I hardware. Acquisition is
inhibited by clearing the acquire and delay timers and disabling external
sampling interrupts. After processing any STOP command, the executive
returns a confirmation message to the user; also, the current recall and
acquire set pointers are output.

5.1.4.2 SDC (Select Display Channels )

Prior to the first recall sequence after turn-on or a STOP command, the
user must specify which display channels he wishes to view. The SDC command
results in an output command to the TU with the requested bits set. The
user is permitted to change the displays he wishes to allocate to TI_ S at
any time throughout the recall process.

5.1.4.3 Test (System Test) Command

A rigorous system test is provided to verify hardware integrity.
Upon receipt of the system test command, the displays are obliterated.

The blank screens are then transferred through the TI_F into the buffer

and from the buffe r to a reserved set on the disc , in order t o clear that
set. Test pattern data , previously gene rated and recorded onto the disc ,
are retrieved and output to all displays. The data are then input from the
displays and output to the cleared , reserved set on the disc, After the —

screens are blanked these data are then transferred to the displays , and ,
hopefully, the user will find them identical to the prerecorded patterns he
viewed initially. 46



5.2 Drivers

The drivers , whereve r possible , were patterned afte r the existing
Interdata drivers for compatibility. Mnem onics , entry point names , and
returned status bits are some of the areas in which this effort was
concentrated.

5.2.1 Disc

The disc is a high-speed random-access magnetic storage device
upon which data are stored in individually addressable sectors , each of
which holds 256 8-bit bytes. A record must begin at the first byte of any

- sector , and may be of any length (up to memory size limitations) since the
disc hardware automatically sequences to the next sector when the current
sector has been transmitted.

The disc dr iver was written to be able to handle both the 10 MB
and the 80 MB disc systems. Since the 10 MB disc is comprised of a 5 MB
fixed and a 5 MB removable cartrid ge which share one seek mech anism ,
they were considered separate devices.

5.2.1.1 Supported Attributes

Read, Write, Wait, Unconditional Proceed
Read Check
Variable Length Records
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5. 2. 1.2 Functional Description

Read : Data are read from the disc starting at the specified sector
into the user buffer until the buffe r is full. If an attempt is mad e to read
beyond the end of the disc , end of medium status is returned . - 

-

Write: Data are written from the user buffer to the dis c, starting at
the specified sector , until the buffer is empty . Attempts to write pas t the
end of the disc cause end of medium status to be returned . In this case , no
data is transferred .

Errors  on data transfers cause the operation to be retried five times before
returning error status .

Read Check: A read check operation is performed on the sector
specified. - 

-

All data transfers star t on a sector boundary but may end on any byte of a
sector.

5. 2. 1. 3 Status Definition

Status ‘ Meaning

X 0 0  Normal completion.
X ’A O ’ Request could not be started , device not read y.
X ’90 ’ End of medium . Transfer  ends beyond the end of

the disc.
X ’88’ Pseud o end of file mark read . This status is only

returned on request.
X’84’ Seek incomplete. AU device errors other than data

transfer-error.

X’8V Data transfer error after five retries. Write
protect violation. Timeout. 

- —

X’81 ’ Defective Track from Read Check. -

5.2. 2 Clock

The Universal Clock Module provides a precision interval clock as
weU a. a line frequency clock to generate processor interrupts under
program c ontrol .
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The precision interval clock is derived from a crystal-controlled

oscillator permitting program selection of clock frequencies of 1 k.Hz,

10 kHz, 100 k.Hz, or 1. MHz as well as count intervals from zero to 4095.
Interrupts can be generated at time intervals from one microsecond to
4. 09 5 seconds.

The line frequency clock, which has a separate device address from

the precision clock, derives its clock source from the AC power line .
When enabled under program control , the line frequency clock generates

interrupts at a 120 Hz rate.

The two clock functions ar e assigned consecutive even/ od d device

addresses and may be operated independently or sim ultaneous ly if desired.

5. 2. 2. 1 Functional Description

The time-out constant is established by the driver initiation routines.
It is used to time events such as SELCH hang-up, loss of dasa transfer , etc.

The value of the timeout constant is defined as follows:

o -l (X ’FFFF’ ) means the I/o request is in the process of normal

termination by the driver.

o 0 (X ’OOOO ) means the drive r should abnormall y terminate the I/O

request.

o 2 15 _ I  (X’7FFF’ ) means the i/O request is not to be timed out by a

timer interrupt.

o 1 thr ough X’7FTE ’ means the timeout constant is to be decrern ented

by 1 every second by. the system clock until the value is zero.

5. 2. 3 PASLA

The Programmable Asynchronous Single Li~. Adapter (PASLA )

provides an interface between the multip lexer I/O bus and any asynchronous
data set or local termina l with an RS-232C interface.
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All data transfers between the PASLA and data set and control lines
generated and monitored to/from the data set are under program contr ol by
providing proper status and interrupt information to the processor . Addi-
tionally, Line attributes such as baud rate (one of two pre-selected rates),
character length (5 , 6 , 7 or 8 bits), parity (od d , even, or none), and
number of stop bits (one or two) are als o under program control.

Communications through the interface can be either full-duplex or
hall-duplex and conform to RS-232C specifications. Switch selectable baud
rates are 50, 75 , 110, 134. 5, 150 , 300 , 600 , 1200 , 1800 , 2000 , 2400 ,
3600 , 4800 , 7200 , 9600 , and 19.2K.

Data are transferred between the PAS LA and the modem or terminal
bit-serial at the selected baud rate. The PASLA module includes circuits
to detect and generate signals that set-up, take -d own, and supervise the
communications channel , and provide status and interrupt information to
the processor.

5. 2. 3. 1 Supported Attributes

R ead , Write , Wait , Unconditional Proceed , Image Variable

5. 2. 3.2 Functional Description
Read ASCII: Data read are masked to 7-bit ASCII. Data are read

until the buffer is fuU , or a carriage return is found , whichever oc curs f irst .
Upon termination, a carriage return~line feed sequence is sent to the
printer.

Writ e ASCII: The buffer is scanned to eliminate trailing blanks.
Data are then output until the buffer is exhausted and a carriage return-
line feed sequence is output.
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Read or Write Image: None of the above formatting actions occur.

The amount of data requested is typed out or read in , without masking to

7-bit ASCII.

.2.3. 3 Status Definition

Status Meaning
X ’OOl Normal completion
X ’82 ’ Time out or Break
X’84’ I/O Error
X ’A O ’ Device Unavailable

5.2. 3 .4  Notes

Strapping Options: The PASLA must be strapped for Full Duplex

(FDX ) operation , Disable CARR Status , Disable DSR.D Y Status , Disable

CL2S Status .

5.2.4 TLI .

The Time Lapse Formatter (TLF), mounted on the Universal Logic

Interface Module fULl), provides an interface between the SELCH bus and
the Time Lapse Interface (TLI).

All data transfers between the TLF and the TLI are under prog ram

control by providing prope r status information to the processor. The data
are transferred between the memory and TLF via the SELCH bus.

5.2.4.1 Functional Description

Read: Data are read from the TLF into the user buffer until the
buffer is full.

Write: Data are written from the user buffe r to the TLF until the

buffer is empty.

Errors on data transfers cause the operation to be repeated.
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5.3 System Expansion

By design , thi s operating system does not make optimum use of its
resources. If desired , however, the user can expand the sy stem to meet
whatever needs may arise. For instance , the abi lity to write out the
BCD time table to the CRT might be of great use.

Also , providing the capability of writing a certain display of a stored
set to a different display has been suggested. All these types of operations
can be done , but they would involve significant program development on the
7/32 processor. Facilities are provided to load program s from the 7/32
to the 6/ 16 and these are described in Appendix B.
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APPENDIX A

TIM E LAPSE FORMATTER DIAGNOSTIC ‘rEsT

A dia gnostic test  feature Is provided to test the lime  Lapse Format t e r
(r L F ) po rtion of the TLS hardware.  This program , TLFTEST is a modified
version of the standard Interdata Universal Logic Interface Test. TLFTEST
is included with the TLS system ’s program listings and contains a full
explanation of the test and the e r ro r s  it wlU discove r . To run TLFTEST ,
It must f i r s t  be loaded from the 7/ 32  to the /lb as described In Appendix B ,
with  Step 5 being: AS1, T L.FTEST .OBJ . Next ,  the jumpe r connect ions
described In the program listing must be made. Finally, depress DTA , 4000 ,
ADDR , INI , and RUN . If no e r ro r s  are found , the malfunction is probabl y
within the TLI and cannot be t raced with software techniques .
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APPENDIX B

DISC DIRECTORIES AND SOFTWARE DEVELOPMENT AIDS

A portion of the MSM-80 Disc has been reserved for the purpose of

saving the TLS system programs, diagnostic program s , software develop-
ment aids for communication with the 7/32 Processor , or user-created

programs.

The procedure for transferring a disc file to the 6/16 core was des-

cribed in Section 3.1. 1 for the case of T L.S system programs. When the

user desires a different file , the only step that must be altered is to enter

in a different directory number to location X ’7E ’. The following table
summarizes the content s of the disc files:

Start LocationLocation X ’7E’ Pr-ogramof Program _________

X ’Ol11’ X ’0400’ TLS System

X ’0222 ’ X’4000 ’ Dump Core to Disc
File

X ’6000 ’ Load from 7/32 to ‘/ 16

X ’0333 ’ Not Reserved

X’0999t

The user may desire to run his own program s on the 6/ 16 Processor.

To achieve this , he must first  have err or~ free assembled program(s)  on

file within the 7/32 Processor. The remainder of the procedure is as

follows:
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1) T ransfer MSM-80 Disc file X ’0222 ’ to the 6/16.
2) Slide the PASLIA (slot number 4) out. Locate the DIP switch , upon

which switch 2 is labeled DSR. Move this switch to the ON position.
Slide PASLA back in.

3) Connect a cable between the 7/32 Processor’s PASLA (Slot number 5)
and the 6/ 16 ’s PASLA

4) On the 7/32 Carousel, enter: T .BG
L .BG, M17OUT
O R
AS2 , LIPC:

5) On 7/32 Carousel, enter: AS1, PROGNAME
6) On, 6/ 16 Console , depress: DTA , 6CaS , ADDR, INII, RUN.
7) On 7/32 Carousel , enter: ST.

If the user desires to load and link two or more programs , he should
return to Step 5 and, proceed as before; however , 6 now is merely:
6) Depress RUN.

After all programs have been loaded enter 0 NON on the 7/32 carousel.
Also, reset the PASLA ’s DSR switch and remove the PASLA connector cable.

The user may determine that his programs are useful enough to be
stored on the MSM-80 disc for future use. This facility is provided; however ,
it is to be used with utmost care.

The user should never store his programs Into files 1 or 2, as they are
reserved. The procedure is as follows:

1) Transfer MSM ..80 disc file X’0222 ’ to the 6/16.
2) Load programs from 7/32 Processor as outlined previously.
3) On 6/1.6 console , depress: DTA , 4000 , ADDR , IN!, RUN.
4) The processor should halt.
5) Depress DTA , a file number, q, bitween, 3 and 9 ,  and RUN.

The content s of core are now stored on the disc with a directory numbe r
X’Oqqq ’.
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APPENDIX C

LIST OF SCHEMATICS

The following are new schematics:

Description Drawing #
MAG/TU (Sheet 2) SD914333
TLF SD998432
Cable Diagram -

TLF to MAG/TLI SD998433
Cable Diagram -

MAG/TLI to DCU and DDI SD998434

The following SCRM 3 sc hematics were modified:

MAG/TU (Sheet 1) SD914333
DDI SD913323
DCU SD913324
MIU SD914334
SCRM 3 Master SD914329
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APPENDIX D

PRODUCT INFORMATION BULLETINS
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PER I PH ERALS

MSM8O
1 Removable Media

Mass Storage Module
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PRODUCT DESCRIPTION OPERATIONAL CHARACTERISTICS

Interdata’s MSM8O Removab le Media Mass Storage Module Both the MSM8O and MSM8OE contain 3330-type
is a large capacity, high performanc, disc storage subS technology storage drives utilizing 5 platter removable
system for use with Interdata ’s 16- and 32-bit computer disc pecks. Access time ranges from 7 ms for a track-
systems. The basic subsystem provides a formatted 87.2 to-track seek to a 55 ms for a maximum track seek . On
million bytes of storage with expansion capability to over the average, only 30 ms is required to position the heads.
268 million bytes by the addition of three MSM8OE The rotation speed is 3600 RPM resulting in an average
modules, rotational latency of only 8.3 me. The data transfer rate

is a very high 1.2 million bytes per second.
The MSM8O basic subsystem provides the user with a disc
storage drive, fully formatted 67.2 million byte disc pack
and a controller capable of handling four storage drives. A highly accurate closed loop proportional servo system
The MSM8OE consists of a disc storage drive and fully is employed to assure extremely rapid and precise head
formatt d 87.2 million byte disc pack. positioning by providing a feedb ck loop to the voice coil

head actuator mechanism. The servo system uses one re-
FEATURES cording surface as a servo reference which contains timing

marks. Only three of the five platters are actually used as
• 67.2 million byte formatted capacity 

~~ording surfaces.
• 1.2 million bytes/second transfer rate
• 3330 — type technology Data security is assured by providing a write protect fea-

ture with positive manual control, electronically inhibiting
• 30 me average seek time write functions upon detection of seek errors, track posi-
• 8.3 ms average rotational latency tin~S - tion error, loss of rotational speed or loss of voltage.

• F~~ ~~~~~~~~ 
Pack damage is prevented by a positIve pack interlock
mechanism. As further assurance, the heidi are retracted

• Pack ifltSf’lOCk when a voltage or rotational speed loss error condition
• Wr ite protect occurs.
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Dual Port options are available for both the MSM8O and Power
80E. This option allows two processors to share a single Storage Module 120 VAC, 8.2 Amperes (max).MSM subsystem on an exclusive access basis. Sophisticated 60 Hz, Single Phase, Startingdetection circuitry is self-contained to provide automatic Current 30 Amperesdeselection when power fail, open cable or internal program 220 VAC, 4.9 Amperes (max),failure conditions occur. 50 Hz, Single Phase, Starting

Current 22 AmperesThe MSM8O is supported by Interdata 16-. and 32-bit Controller +5 VDC, 7 Amperescomputer standard operating systems with data transfer
via th. direct memory access port using a Selector Channel. EnvironmentalComplete data recovery facilities are included which inv oke Temperature 59 to 90° F (15 to 32.2° C)data strobe offset and track offset sequences for read re- operatingcovery in the event of read errors. Software support is Humidity 20 to 80% Relative Humidityconfined to sin gle port MSM subsystems. (no condensation)
SPECiFICATiONS 

INTERDATA PRODUCT NUMBERS
Cap.csty M46-600 Model MSM8O, 67,000,000 Byte RemovableBit Density 6000 bits per inch (2.54 cm) Media Mass Storage Module, Drive and 1 x 4nominal Controller. This unit is a 3330-type discTrack Density 384 tracks per inch (2 54 cm) drive using a 5-surface disc pack. Disc transferCylinders 823 rate is 1,200,000 bytes per second, averageTracks per Cylinder 5 access time is 30 me. Storage capacity isBytes per Sector 256 67,200,000 bytes fully formatted. IncludesSectors per Track 64 a fully formatted disc pack, write protectFormatted 67,200.000 bytes feature, damage preventing pack interlock,

pedestal cabinet a~d controller capable ofAcee. Times handling up to fot~r disc drives. 60 Hz.Average Access lime 30 milli seconds
Average Rotational M46401 MOdel MSM8OE, 67,000,000 Byte RemovableLatency 8.3 milliseconds Media Mass Storage Module, Expansion Drive.Average Start Time 25 seconds This unit is a 3330.type disc drive using a 5-Average Stop Time 20 seconds surface disc oack. Disc transfer rate is

1.200.000 bytes per second, average access timeDimensions is 30 ms. Storage capacity is 87,200.000 bytesStorage Module fully formatted. Includ es a fully formattedHeight 34 inches (86.4 cm) disc pack, write protect feature, damage pre-WIdth 19 inches (48.3 cm) venting pack interlock and pedestal cabinet.Depth 34 inches (86.4 cm) 60 Hz.Weight 243 Pounds(lloKg)
Controller 15 x 15(38.1 * 38.1 cm) inch M46-602 Semi as M46-600. 50 Hz.

printed circuit boards,
2 regu wed M48.603 Same as M46.601. 50 Hz.

Th. information contained herein is rltend.d to be a genera l A UN?’ O~dNcnot,on and is subject to change wi rn oroduct Inhancem.nt. 
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PRODUCT DESCR lPTION OPERATI ONAL CHARACTER ISTICS
The Selector Channel provides a completely independent The Selector Channel transfers data by employing a true
high-speed direct memory data transfer interface between cycle-stealing operation directly to processor memory.
Interdata processor memory and selected device con. Once initiated, the Selector Channel functions in a
trollers. Up to 16 device controllers can be connected to completely autonomous fashion. One device can be active
the Selector Channel. at any one time.

Data transfer is ini t iated by loading a starting address andData transfer rates of up to 2,000,000 bytes per second
are possible. The Selector Channel provides the caoability an ending address which specify the memory start and end

addresses for the specific data to be transferred. Afterto transfer data simultaneously with data transfer over the’
multiolexor bus and other processing functions, address loading, the crocessor issues a GO command to the

Selector Channel and the data transfer proceeds without
further direction from , or interaction with the processo r.The Selector Channel can operate in a block-transfer mode
The GO command also inhibits activity between theor a transparent mode and allows device data t ransfer in a

byte or halfword data format, processor and any other device on the Selector Channelprivate bus, Al l Selector Channel set-up commands are
transferred over the processo r multiplexor bus.

FEATURES
The M70.103 Selector Channel is designed to function with

• 2.000,000 Bytes Per Second Transfer Rate Interdata 16-bit processors with a memory address range of
• Simultaneous Data Processing 64 K bytes. The M73-105 Extended Selector Channel is
• Byte and Halfword Data Iransfsr Modes used with the 7/32 series processors ari<j s capable of
• True Cycle Stealing Direct Memory Access addressing 1 million bytes of memory.
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COMMANDS SPEC) FICATIONS
The Selector Channel responds to three commands: Maximum I/O Data Rate:
READ, GO and STOP. 2.000 000 bytes per second

The READ command causes the Selector Channel to set Maximum Number of Devices:
16the particular device controller n a read mode and the

internal memory interface logic to a memory write mode. Data Transfer FormatThis allows data to transfer from the Selector Channel Byte (8 bit) or Hal fword ( 16 bit)connected device to memory, In the absence of a READ
command, the Selector Channel automatically assumes a Direct Memory Access Method:
WRIT E mode which sets the memory interface logic to Cycle Steal
transfer data from memory to a Selector Channel con-

Address Range:nected device.
Selector Channel 64 K Bytes
Extended Selector Channel 1 M BytesThe GO command releases the internal Selector Channel

circuitry which allows the direct memory access operations 
Di~~~~ ons..to take place and the autonomous transfer of data to 15” ~ 15”proceed until the block specified by the start and end

addresses has been completed. - 

Weight:
2,5 poundsOn receipt of a STOP command, the Selector Channel

completes the current access cycle, clears the busy signal Power Requirement:
which will allow the processor access, and terminates direct + 5.0 V DC ± 5%, 2.5 Amperes
memory access operations,

lnterdata Product Number
On termination of a data transfer block, the Selector Chan-

M70- 103 — Selector Channe . Provides true cycle-stealingnel may interrupt the processor to signal activity completion to memory for 8 or 1 6-bit t?’ansfers at rates uo to 2Me/sec.or change the status to return the Selector Channel to idle Includes hardware byte/halfword assembly and automaticmode without processor interrupt.
control of variable length records.

When not activated, the Selector Channel private bus is M73- 105 — Extended Memory Selector Channel. Providesconnected directly to the multiplexor bus and acts as a a true cycle stealing access to up to 1 ,000,000 bytes of
bus buffer. Communication between the multiplexor and main memory for 8 or 16 bit transfers at rates up toprivate bus devices takes place in the normal I/O bus 2MB/sec .
manner using standard I/O programming conventions.

Infor mat ion in t hu bulletin is riot an explicit specificati on
and is suojict to change at any time.

Print ed In U.S.A . s.msd ’irr oi P5I~iP~~fi5~ . Oc.sros~ ~Mw isrsw 07757 8761021
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PROCESSORS

Model 6/16
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PRODUCT DESCRIPTION FEATURES

The Model 6/16 extends I nterdata ’s 16-bit minicomputer e Advanced Architecture
technology by offering a powerful single-board processor Task oriented 104-Instruction Set
with single-board memory as large as 64KB. 16 General Purpose Registers

15 Index Registers
The memory is available in magnetic core with a cycle time Directly Addressable Memory to 64KB
of 1.0 microsecond, and MOS semiconductor with a cycle
time of 600 nanoseconds.
Interdata’s 16-bit hardware, software, and peripherals are • Built-In Reliability
upward compatible with Interdata’s 32-bit products. This Printed circuit back panel for all nterboard connections

allows easy, simple expansion without affecting application Thermal ~1oc k testing of all integrated circuits

software. Present software stands up. No expensive inter- Vibration testing to 1 .2~ G’s
face redesign is necessary . All presently used peripherals— Burn ln—52 hours at 60°C
discs. meg taoes. cassettes, prin ters , and AID equipment— • F eld-Proven Software
are compatible. OS/I 6MT2—A real•time multi.task ing operating system

The Model 6/16 combines hardware versatility with Utilities—OS Edit, OS AIDS . OS Copy

complete software compatibility to offer the OEM and end Languages—FORTRAN IV . FORTRAN V . Basic , MACROCA L
user a flexible , expandable, and most economical mini- CAL, CAL 16, COBOL
computer system S COfl’IOetibj lit’y with Interdata ’s 32-bit products, applica-

tion software , and peripherals.
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SYSTEM ARCHITECTURE PHYSICAL CONFIGURATION

The Model 6/16’s inherently powerful third generation The Model 6/16 consists of one central processor printed
architecture , similar to the IBM 360/370 line , greatly circuit board, one memory module , and space for /0
simplifies system design, programming , and debugging. device controllers. The standard chassis is a 7-inch rack

mountable unit with 8 suaassemblv slots. A single sub-
The large task-oriented instruction set allows the pro- assembly slot can accommodate up to two opt ional boards.
grammer to concentrate on system programming instead of
playing with tricky codes for such basic functions as The Model 6/16 is also available with a 14-inch dual
exc lusive OR , multiple shifts, chassis that provides 16 subassembly slots.

INSTRUCTION FORMATSixteen general registers—15 of them index registers—reduce
execution time and simolif y program development, reduce REGISTER TO REGISTER I RR)

overhead , and minimize housekeeping. Temporary results 0 7 ii 15

can be sorted for instant recall. An~ register-to-register OP~COOE Ri J R2
operations cut programming steps while reducing execution

SHORT FORMA T 1SF Itime.
o 7 Ii is

Up to 64 KB of directly addressable memory totally OP-CODE 1 Ri 10~Tt.l
eliminates time consuming design problems caused by RE(~iSTER TO INDEXED MEMORY RX
paging and indirect addressing. The architecture allows o ~ ii is 3i
Programmers to write straightforward , simple , in-line 

Ri X2 16 BIT ABSOLUT E ADDRESScode for the Model 6/16. ____________________________________

REGISTER IMMEDIATE IRSI
o 7 ii 15 31I NPUT/OUTPUT

The Model 6/16 Input/Output System handles up to 255 
OP- CODE RI x2 16SIT DATA

levels of interrupts. High speed devices can operate at uQ OP.CODE •HEXAD BC1MA L REPRESENTATION OF FUNCTION
to 2.000,000 bytes per second over the optional Selector TO SE PERFORMED 1*00. MUI.TI.)

RI - ANY ONE OP 1S0.P. REGISTERS AS A FiR5TChannel, which makes use of Direct Memory Access. OPERAND.
R2 -ANY ONE OP IS G.P. REGISTERS AS A SECONDMedium and low speed devices are usually connected to OPERAND.

the standard Multiplexor Channel . X2 -ANY ONE OP 15 INDEX REGISTERS AS AN INDEX
VALUE IADD TO APPARENT *0o~tSs OR
DATA FIELD to OaTAIN TRUE vALUE OFOperation over the Selector or Multiplexor channels may be 
~~~ORf OR DATA .

in the 8-bit parallel or 16-bit parallel mode. Both channels
operate on a request-response basis for simple , rel iable
device-controller design. Multiplexor Channel devices are
generally interrupt driven, Interrupts are automatically

INSTRUCTION REP ERTOIREvectored for maximum machine efficiency and less software
overhead. The basic 104-instruction set provides big-machine cap-

ability that results in more time for applications orogram-Interdata offers a broad line of inexpensive peripherals for ming and less worry about routine functions. While methe Model 6/16 that are both program and interface corn- 6/16 instruction formats are similar to those of the IBMpatible with all members of the Interdata family. Interdata 3601370, Interdata has added several classes of instructionsalso offers standard low cost interface modules to aid the -to increase memory utilization efficiency . The instructionuser in designing special-purpose interfaces, set provides both 16-bit and 32-bit formats and permits
operation between any two general registers (P RI - a general
register and any memory location IPX) , a general register

MEMORY and a 16-bit data constant carried in the crimar~ instruc-
tion word ( RI ) , or a general register and 4-bit data constant

The Model 6/16 can accommodate one core or MOS semi- SF . F~~~.ooint multiply-divide hardware ncreases the
conductor module of 8KB , 16KB , 32KB, or 64KB. All four nurr oer of instructions to 10.
module sizes are available with parity as an option.

The Model 6/16 includes a complete set of arithmetic
Each of the modules is contained on a single 15-inch ~fld logical instructions. A complete set of conditional
printed circuit board and occuPies a single memory slot, branch inst ructions Permits branching to any Ioc3tion in
Core memory cycle time is 1.0 microsecond, semiconductor memory without the use of skips. A kill set ~~f byte process -
memory cycle time is 600 nanoseconds. ing instructions simplifies handling of byte strings and pro-

- 
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vides for more efficient -use of availaole memory. The • .~..,tC rr3tIc .oao i~ct ;on — S irole , sing lc-sw tcn otst rac
nout~output nstructions pernit operat ions betwee n ‘cad capapilit ’ .- . Can oe creprograrrrred with ~~S ‘6M”~

~ericn er3t devices and ;eneral registers or beZ~ een devices oacer or :j ri oe used wim a -:ustOm cesigned :;rcgroir .

and m emory . ri addition to enapling Programmers to write • “~ rri~e’,’ Console — Switch :ortrcl for Macel ‘3 ~‘3

crograms in as few instructions as ~cssible . me ‘.5 ~6’s cowe r , init~ati:e, and execu’~~n.
straigiittorwar a . ~tfic ient instruction set greatly ~i lifj ~s • S grred \ k~iti~~ii~ Di~ioe — ~ aroware C~ Ccuticn o~
:r’e deougging and docum entation orcolems associated -~~C OOi f l t  Sig n ed “ult piy arc Oi ’ . iOe arc ~~~~~~~ ‘t,~t 0- ’..
-.~ th machines with smaller nstruct’cil sets. I Selector Channel — ‘-or lign-sceec .0  reau ir e”en t S

provides con’ciete (v toflonOuS cloc~. t r3 r’sre rs ~n 3

ole steal ing :‘isis ‘or ~ii~~ri spee~OPTiONS • Stretch 32 — ~~.tid .~cc3te5 ~ ‘.‘cce i ‘3. 1’3 o rcoe s so r to
3O~t\v3re anO - 0 r’c ::~e orcoasso r. The

\~locel 6 ,16 options Oro ’. ce ‘~xtonsi’~e rlex~~ilit’~- so that the e\)anOec s’.ste rr s cacacie ci :lr-~ctI\ ador-?ss r~ or~hardware con f iguration can be tailored to the application “~~aQy~ c~ memory aria executing a ~ulI con’cfe meri t
and easily field expanded. 

~t 32-bit fuliword instr’~ctions ,

• Memory Parity — Complete data and instruction pro-
tection .

• Power ~3iL-~ctO Restart — Sarlv power fail interrupt BUILT-IN RELIABILITY
anO co’.~cr -~c nterr- ~pt.

• 3inarv sc!a~ ~anei — Cor’clete ,~~er control of the ~e \- Iocei 3 ‘ 3  uSes t~ e urest ~sc n-’ :O.~es
svste ”. ~cludes long ire L ~nt E-~’!t~ng IOOC iLEOl c s ~gn . sol o st3tC teonnology . mecnanical cac~.3g n~ . ano
cinarv readout and rrex3aec mai inp ut \C’ .C131’-i “onuractu rnri g tes tI ng tO ensure ma~~in’ u m  - ‘a r ow are

• —e~ Jcec \3i O solay ~3rel — Como lete ~se~ cont’ ci e~~~ p, anc to — rni~’- :e cc~’.”t me —~ c- nt eo
ot ‘me s ’~ste ”. includes —e~acec. -’ ai ED readout and cac~ oar~eI J rO~~OC5 3- :e’- ::c~~r ~~“ e- t c~ s ‘ O R OS.3 ,

—le’caoec~mal input keyboard . -Ogic coards are :onr’ectec to tt~C 030’ - PanC ! .‘. tt’ i n- -‘e
• 2 - s ciav nterface — Interfaces S nary Display or a- connectors , ci m nating me contaut o-c ’o en’s assoc iated

- 
ccc’ mai ~iscIdy. .~itrr edge connectors.

I(.1 11 k.~~’1i [“iii;
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MODEL 6/16 PROCESSOR
I6GENERAL F1EGISTERS CUSTOMER

~4AROW ARE MULT1PIYIDflIIOE 
~~~~~ 

DESIGNED
AUTOMATIC VE CTORED iNTERFACE -

INTERRUPTS -

I 
_

DiSCS 
• ,  ,, 

~~_1~~~~~11

MU LT1PI EXQR INPUT — OUTPUT BUS 
-

I 
I 

MA GN ETIC
CARD TApE

TELETVP E- READER
~ Ri r F R  CASSETTE

CONTROL ii~~ 
PAPER TAPE

PANE L PRINTER READER/PUNCH MINI I/O SYSTEM

UP TO 25~ DEVICES IN SYSTEM
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PACKAGING SPECIFICATIONS

I

Moael 6/1 6 packaging is consistent with lnterdata standards Technology
of ruggedness, durability, and reliability. Iriterboard connec- Processor T2L.M5l—L,Sl
tioris are military-type pin and receptable cnnnectors for ROM Bipolar (60 ns access timel
sure , positive connection. Separately mounted power Data Word Length —8 , 16, 32 bits

modules mean fewer failures and less time for repairs . Number of Basic lnstructions—104
Interoata’s testing includes thermal shock testing of all With Multiply/Divide Option—h O

suPplIes , readily accessible test points and fuses, and plug-in Instruction Word Length—16 , 32 bits

integrated circuits. The Model 6/16 is vibration tested at Fixed Point Ar ithmetic—2’s Complement
1.25 G’s while running diagnostic programs. Finally, all Hardware Accumulators—16
processors are run for 52 hours at 50°C — the quality 5 Hardware Index Registers—i 5
burned in. Address Modes—Direct and Indexed

Memory
OPERATING SYSTEMS Core Memory C~cIe Time—1.O usec
AND DEVELOPMENT SOFTWARE MOS Semiconductor Memory Cycle Line—600 nanoseconds
Interdeta provides a comprehensive family of compatible Memory Capacity—64K bytes
operating systems and utility programs as off-the-shelf Memory lncrements—8KB , 16KB , 32KB. or 64KB
packages. All software is fully warranted and is supported Typieal Instruction Ex.cu~ on Timing Iby both field and home office staffs. Software includes:

Semicoriouctor Core
• OS/16 MT2—Real.time based rnulti.task ing multi-pro. Register-to-Register .90 usec 1,0 usecgramming operating sYstem. Memory Reference 2.40 usec 3.0 usec• FORTRAN compilers—Extendeo FORTRAN IV and Immediate 1.50 usec 2.OusecFORTRAN V.
• OS AIDS—Interactive debug program. Input/Output
• CAL—A common assembly language for all Interdata High Speed DMA Channels.—Four standard.

processors. Maximum Selector Channel transfer rate: 2MByte
• CAL 16—for 16 Bit Processors only. Input/Output System—8 or 16-bit word lengths
• BASiC interpreter—Superset of Dartmouth standard. 255 priority interrupt levels
• OS Edit — Text editor. Programmed I/O Loop Rate—66 K6
A complete line of utility programs is available. And the Interrupt Response Time—7.75 usec —

lnterdata users group. INTERCHANGE, has an extensive (including storage of Current Program Status Word and
software library, generation of New Program Status Word) 4I/O Bus Levels—Ground and +5 voltsA large array of reliable peripherals and interfaces reduces Hardware I/O Time Out— 14 usec (approx .)risk and development costs. The lnterdata peripheral family
includes a complete range of magnetic taoes. discs, card and Environmental
oa~er tape equipment, CRT displays, printers, analog and Operating Temperature—O°C to 50°C
digital converters, data acquisition equipment . cornmunica- Storage Temperature Range—55°C to 85°C
tions access methods, and IBM 360 interfaces. Vibration—0 to 55 CPS at 1.250

Relative Humidity—to 90% without condensation
PackagingCOMPATIBI LITY
Chassis Dimensions—The Model 6/16 is completely hardware and software 7 inches by 19 inches by 26 inches RETMAcompatible with the entire Interdata 16.bit line, as well as 14 inches by 19 inches by 26 inches R ETMAbeing upward compatible through the 32-bit series. Inter- Power Supply Dimensions—

data’s emphasis on design compatibility results specifically 7 inches by 19 inches by 9 inches RETMAin investment orotection and broader applications capa- Weight with Power Supply—
bility at less cost to the OEM and end user. OS/16 M12, for Single Chassis, 50 poundsexample, is a subset of the 32-bit Operating system , Double Chassis, 70 pounds j
05/32 MT. Primary Power—i 15 or 230 VA C ± 10%, 47 to 63 Hz

Single Chassis—3.6 amp maximum
Double Chassis—6.0 amp maximum

.

I inform tion contained hlr in is intended to be. general J A UNI’T OF
d cnQtion and is subject to ePlangs wIth product Enhancement. P~~1~~kIN ELME1~ DATA S’Y9T~ M8
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