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l. lNTRODUCTlON

During 1977 a icdes i g n and c onstruction o f t he digita l mu l t i b i t

corre l a to r ha s been made . For r eduction o f hardware c OffiD lexity

the multi -channel c orrelator-system is d i v ided i n t o separate sub­

systems , whi ch o~era te at a smat ter leve! o f s y s t em complexity .

The design c oncept o f paraliei data-processlng , required f or the

multi-channe l o pe r a t ion , has been changed to a time-serial mode of

o per a t ion f or r eduction o f hardware elements . A programmable

o p t ion o f sy s t em-c ontral h a s been included fo r incre ased f l e x i b i l i t y

of the s y s t ern.

This report describes the architecture of the c orr elator system

with simp le b l ock diagrams o f the in ternal r.lodul e s a nd may be

regarded as a p r ogramming mode l of the system.

I I. HAR.Di'IARE ilODULES OF THE SYSTEH

A block diagram. of the SYSUlll is given in I"igure L The c o r re lat or ha rd­

ware can be split into t wo p r ocessing units , the data-prose ss ing

unit , DPU , a nd thc contro l -prosessing unit, CPU .

The DPU performs dat a -proce ss ing opera t ions on digiti zed , s ig ned

(2 's c omplement ) samp l es r e a d from the buffer -memory s ys tem. The

data-input bus , 018 , is 16 b i t s in par a l i e i , one by t e fo r the x-

and y-sample . \'li th t he a r i t hme tic elements of the DPU resursive

a lgorithms including comple x multi ply , add/subtract a nd accumu lation

ope r a t ions a r e realized . The se bas ic ope r a t ions a re r eq uire d f o r

auto/cross-corre!ation measureme nt s and time- ave r age estiMation.

The da ta -proees s i ng is s pl it inta t wo independent c hannels f o r

op t imum p r ocessing speed performance . The c o r re lato r has an inte r na l

r esult- memory fo r sean-ta -sean i nt e gra tio n wi t hou t i nte r r up t ing

the on- s i t e c omputer s ystem . ~he r e s ult-memory is orga nized i n

l K modules with words o f 64 b its , 32 bits fo r each data -channe l .

The memory-system is e xpandable t o 4 K (4 K = 4096 ) word-loc at i ons .

The data -output bus , 008 , is bidire c t i o na ! fo r t ime -ser i a!

read/write operations . Fo r system expans i on a bidirectional

e xterna l da ta bu s , EDB, i s realized f or transrnit/receive ope rat ions o f

data. By use o f the da t a s eleetor mi xed load i ng t o t he DPU arith­

mat ie fr om separate buffer-memor ies i s possible .



Figure l . CORRELATOR ARCHITE CTURE.
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The contro l -pr oces s i ng unlt, CPU, genera tes al l r e quir ed c ontral

s ignal s within t he system includlng the generation of read addresse s

t o the buf fer-TIIemor y a nd r ead/wr ite add r e s s e s t o the result memory .

The main contra l un1t 1s the mic r oprogr am sequencer whlc h generates
t he program-counter (PC) value. Thi s is a rnemory- l ocation pointer

which ma p s t he pe va l u e into c ontral i n s truc tio ns t o t he DPU and

f e edba c k t ? the u-seq uencer f or updating the pe value. The sequence

o f instructions def i nes a u- program a nd is stored i n an internal

program-memory o f the CPU. Two o p t i o n s are seleetable f or the CPU

program memory . Wi t h the RN1 op t ion (random access memory) the

c orrelator system is u- p rogrammable . Th i s enables the c amputer sys t e r

t o c ontral the CPU a nd DPU o n "bit" level by l oading a l-l - p rag r a m

into t he CPU be f ore a radar e xpe r imen t starts . Within thc avail ab l c

program-mern ory space the RAH can c o n t a in severa l us e r - defl ne d

programs , and a g iven data-proce s sing algo rithm 1s seleetable by

defining the initial va Lue of the pe when o p e r a t ion s start. I-Hth

the PROM o p t ion (prog~ammable r ead o n l y memo ry) a lib r a ry o f pre ­

defined , nondestructab l e programs c an be selected . In the c onstru­

etion o f the c orre l ator both program-me mo r y o p t ions are ine l ud e d

and can be selected f rom the c omputer. For s t o rage of exper imen t­

def ined parameters a distributed registe r fi le and sma l l scratch-

pad memories located in the a d dres s pro c e s s ors are used. SeparatiGn

o f program and d a t a storage maximizes t he s pe ed p er f ormanc e .

The DPU a nd CPU of the c orrelator are c loc k synchro n ized with a

cycle time o f 150 ne e o . This g ives a n e ffect ive data t h r oughput

rate o f the DPU: 6 . 6 7 M s amples / sec (complex s ample s) . By time­

sequenced o pe r a t i o n s (pipe-line structure) u sing temporary storage

o f data in each s tag e within the DPU, t he given data rate i s va lid

f år a l l arithmet ic o per a t ion s of t he DPU. Th e r e sult memo ry is

r e al i z e d with h igh-spe ed componen t s a nd can perform a read and

wr ite c yc l e wi thi n t he c loc k period . Th e given cycle t ime require s

that a ll real - t ime comma nd s must be gene rate d by the s ys tem i t s e l f .

I n norma l o pe r a t ion of t h e cor re lator a ll ne e e s s a r y i n f o r ma t i o n is

l o a d ed into t he s y stem from the comp u t e r be f o r e the e xper imen t star t s ,

the only requ ired c ommand is a START-COMPUTE s i gna l generated fr om

the r a d a r c ontr olle r a f t er data s amp l i ng sto p s in each radar sean .

Preprocessed data can be tranfifered t o the c omputer , eithe r o n

direet co~nand from the e ompute r o r by sof tware-contra l within the

c orrelator system . Trans fer mode di s ables data process i ng , b~t

t r a ns f e r t ime can be minimized by D~~ (dire et memory access) - c han ne l

tran 3fer to t he comp u t e r .
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III . DATA PROCESSI NG UNIT (DPU)

An expanded b l eck d i a g r a m o f the DPU is s hown i n Figure 2.

Bidirectional , 16 bits externa l address/ da t a b us e s, EDB and EAB ,

have been i nc luded in the design f or corre lato r sys tem e xpans i on .

Under s of twa re c o n tra l from the CPU the da ta i n put bus , DIB, c a n

b e con nec t e d t o t h e b u f f e r memory o r a PROB module , whic h c o ntains

a p r e d e f i n e d tes t seq uence (51 2 values o f x-a nd y -samples) . I n a

tes t o pe r a t ion this deterministic seq uence can be l oaded t o t he DPU

f or hardware erro r de t e c t ion . I n t ernally o f t he CPU , the address

processor f o r the b u ff e r memory , APB, can g e n e rate two 16 b its

addresses in para l iei . Th e a ddress-inp u t bus , A~B , genera t e s

no rma lly the a ddress which is used in the r ead- o pe r a t i on o f data

t o t h e D?U . This bus is called VAB (valid address b us ) . The

o t h e r bus from the APB, A:BD (address i nput b us with disp1acement)

contains the address value o f A~B + a d isplacement v a l u e . \1i th

the buses AIR anrl A1BQ two memory re ferences with a f i xed d isplace-

me n t can be generated e ver y clock c yc l e i n paralleI The inp ut

t ransfer o f data t o t h e o pe r a nd . reqisters (A ,B ) o f the multipliers

and the input r e gister o n EDB are strobed on h igh ~~ l ow trans i tions

o f t h e system clock ( 50 % duty eyele) . The f i rs t ha lf o f the clock

pe rio~ is t ermed phase l , the second phase 2 . The input register o n

EDB is strob ed a t the end of phase l and are unde r real- t i me

s oftware control. The 8 operand registers o f the multipliers h ave

individ ual stro be signals a nd the r e g i s t e r s are s t robe d a t the end

o f phase 2 . Each o pe r a n d r e g i s t e r can be l o a d e d wi th e ither x - o r

y -samples i n DrB o r x - o r y -samples i n EDB. Lo a ding t o all o p e r a nd

reg i sters are in para l l e l

Wiih the given bus handling system sever al mo des o f i nput/ outp u t

c ontra l are a vai lable.
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HaDes OF BUr~ER. P.DDHESS SOU~CE

BDPFER ADORESS SOURCE = NORf1AL

BUFFER ADDRESS SOURCE -= : lIXED

VAS = AIS

phase 1 :VAD=AIBD,phase2:VAB=AIBD

BUFFER ADDRESS SOURCE = EXTER1~AL : VAS = EAB

With the ~IXED mode and enabling the EDB, t h e input r e g i s t e r on EDB

can be strobed with sam~les i n memory-reference AlBD in phase l and
in phase 2 op e r a nd registers can be s trobed with a c ombination of

samples with reference Al BD and ALS. Th is structure requires a b uffer

memorY .system with access-time half the c lock-period and can produce

an input transfer of 13 .3 ~ s arnoles/sec <complex samples) . The address­

source modes NOR:"1AL/I1IXED a re de f i ned by cornpute r or f ro nt p a n e l a nd

are not under real -time con t ra l of the CPU . Hith t he use of the EAS

the address Drocessor of the CPU can gererate memory references to

e~ternal memory systems not connected to the D1 B. Data t ransfer are

established on the EDB. This externa l data transfer a re under rea l -time

contra l by software . On r equest o f da ta f rom e x ternal devices , the

EXTEIDIAL-address mode i s used . Th i s r equest mo de is external l y cont ­

rol led by a REQUEST SI GNAL , RS . When RS i s acti ve , the addre s s mod e

changes to EXTERNAL inde pendent o f p revions mode . Af t er t ransfe r is

made , the address mode i s r edefined .

The bus-handling system cons t r uc t e d ena bles fl e xible system­

expansion in MASTER/SLAVE a nd/or multi -corre l a t o r c onfi g ur a t i o ns .

!lODES OF INPUT DATA SOURCE.

INPUT D~TA SOURCE = BUFFER- HE110RY:D I B ~~ Buffer memory

INPUT DATA SOURCE = TEST

INPUT DATA SOURCE = EXTERNAL

:DI8 ~~ PROM system (test sequence)

Mixed DI B, EDB l oa d i ng to DPU.
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The EXTERNAL mode does no t exclude BUFFER-UEI10 R.Y o r TEs'r mode .

tU xi ng of d ata -i np u t s are rea l -t i me contro l led by CPU . 'I'h i s Lmp Lde s

tha t EXTE~NAL mo de i s real-time controlled, the two other modes are

not (BUFPER-:1EJ·l!TEST are defi ned b y computer or front pane l) .

The address bu s e s for r e adin g d ata i nta the DPU are 1 6 bi ts. Thi s

implies t hat .one c orrelator s y stem can address G~ K of buffer me~ory

locations and 64 I< o r e x terna l memory locations through EAB. This

means t h a t the correlator s ys t e m can be directly interfaced to any

buffe r system of practical size .

The arithmetic/logic part o[ t he DPU consists oZ a d i s t r i b u t e d

sys tem where different ope r ations are performed in subsequent clock

i n ter vals ( "pipe-lined" ope r at ions) . The arithmetic/logic operation

in e ach " s t a g e " is performed i n one c Lo c k period . Hith r e f e r e nce to

the block diagram in Figure 7. an e xample of data processing with o n e

s amp Le is s ke t.ched in F'Lqu r e 3 . The processing involves the f o Lkowd nq

ope ra t ions :

either x- or y -sar.l.ple o n DIB, x-
t he v a 1ue l , o r storing va1ue of

per iod . The B r eg . has the same

f or t h e l oad l ope r a t io n .

l . STAGE :

2 .STl\GE :

3 .STI\GE :

Sample read o u t from me mory , dataway s e l e c t i on a nd

strobe i n t o t he oper a nd regis ters of the mu l t i p liers .

Ea ch 07era nd r e gis t e r ha s a n ind i v i dual da ta~ay s election

and s trobe conma nd . The A re9 i ster c an be l oaded with

or y -samp le o n EDB ,

t h e preceding c loc k

l oad - funct i o n s e xcert

4 multiplic a t ion s (3 by. :3 bits ) performed on JI. , B reg . in

paralle l . tlultiplier-r e s ults a re strobcd i n to reg i s ter s

at the end of c lock p h a s e 2 .

The data proces s i n g i s s pli t into separate datachannels .

2 arithmetic/logi c u nits (ALV·s) perform ADD/SUBT~~CT

operations o n 9 a i r s of result r egi s ters fro~ the mu1 t i -

p l i e r s .

l a ble .

A1so individua1 r e su l t reg . selection i s avai­

The ALD- Hord forma t is 16 bits.

4. STAGE: 32 bits a c c umu1ation wi t h conten ts in the r e s ul t me mor y

is performed i n e ach data c hanne1 by r e a d ing inta the

I r egisters o f the accumulato r s i n clock phase 2 of
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~reced ing clock period. In stage 4 t WQ J?-bits binary

oper a t i o ns a r e pe rrormed a nd the r esul ts are s trobed

i nt o t he O reg is ters at end of clock phase 2 .

5 .STAGE: In clock pha s e l the c ontents o f the O registers are

wr itten back i n t a t he result memory , 64 bits in paraliei

By ha ving t he DPU- operati o n s pipe - lined by storing temporary results

in ea c h sta ge , data processing o n the next sample c an s t art after

ending stag e 1 o f preceding sample p r ocessing , t ha t is , an effective

data -process ing spe ed o f 6 .6 7 !1 samples/sec (co mplex sampl es) at inpu t .

The DPU s peed-performance cons idering a r i t hrne t ic oDe r a t i ons a nd

t ransfers t o/ from memory seDarate , is (ef~ective r ates) :

DPU A~ITW1ETIC OP ZRAT I ONS

DPU : 1EiIORY- TP..ANSPETlS

53.) : tOPEnATI ONS/SEC

20 . O H':'M!lSFEnS/SEC

t'ri t h t he given D:?U structure , t h e f o Lkow.Lnq da ta-processing

~strictions e xist :

- Cont ra l of the 32 bits a c cumula t o r s are the sa~e for both

data-channels .

- :1EAD/rtODIFY/NR I TE opera t ion refere ncing the resultmemory is

using the same mernory addres s f o r ~AD and t'lRITE transfer .

The r eal-time contral o f t he DPU i s hand led by the c orrela t or C~U

by clock syncroni zed contral s igna ls .to t he different modules o f the

D?U.~ The CPU of the c orrelator is a sequence-unit which generates

c ont r al-signal patterns enabl i ng t he DPU t o perförm a recursive data

pro c essing a lgorithm . The con t r a l-signa l patterns are stored in a

pr ogram memor y o f the CPU . One locatlo n in this memory de f i ne s a ll

c ontrol signals t o the DPU for o ne c l ock interval .

In t he f ollowing subchapter s requri ed c ontrol signals and p r ogramming

models of the DPU eleme nts are given.
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111.1. DATA~vAY SELECT ION

A programmi ng mo d e l o f the dataway se lection t o t he op e r a nd registers

of multiplier nO . 1 is shown in Fig u r e 4 . A s et o f 7 c ontra l signals,

ffil t o ro7 ' i s r equire d f or ope r a ting t he e l eMe nt . The 4 multipliers

o f the DPU are equa l and 4 sets of c ontral s i g na l s must be generated.

The o p e r a nd reg i sters A and B are str o b e d at the end of phase 2 of

the s ys t em c l oc k, i f the c o rre sponding STROBE s ig na l is set .

The pipe-line registe r s tor i nq t h e mul tiplie r resu l t is stro b ed at

the end o f phase 2 .

DecodinCJ rules:

A"REG. SELECTI ON ffi 3ffi2ffi1
~ O~ O XOI 13"· A

001 YOI B..... A

0 10 X
EDD

..... A

~ 11 YEDB-~ A

100 l ~ A

fl. REG .STROBE O NO STROBE

1 STROBE

B REG .SELECT ION m6 ffi S = 00 X
OI B

..... B

01 yDIB ..... B

1 0 X
EDB

-+ B

11 yEDB ..... B

il RI:: c; . ST:o..OBE NO ST ,<OBE

lSTROBE
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Fi g ur e 4. PROGRAMMING MODEL OF DATAWAY SELECT ION.
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1 1 1 .2 . ARITH! tETI C OPERATTONS ON ~mLTIPLIER RESULTS .

The t wo ar ithme t i c elements fo r e ach data-channel a r e e qua l , e ach

r e quir ing a s e t of 4 c o ntr al signals . I n Figure 5 t he ALU-e l e me n t

f or mu l tip lier l and 2 is shown.

De c od ing rul e s : a
4a 3

a
2a 1 = 1111 Result 11

1

roi o Re s u l t ~I2

1 001 Re s u l t r~l+!12

Olla Result q - ~ 1- l - 2

0011 Res ult eq . t o - l (TEST OPTIOlJ)

y// ~,;;,/ .
/_p~ ,1.N:o / REG:
....~ // // // .... srIDBE

i tSYSTEM crock

•RESULT

]J- INSTRUCI'ION

FRC:t-l CPU

--- a4

a3

a2

- al

f..illLTIPLIER l

Hl
I
I
I
I

, __ J

I

ALU

rvlULTIPLIBR 2

M2
I
I
I
I
L _ _ --,

I

Figure 5 . PROGRA~~ING MODEL OF THE MULTIPLI ER-RESULT
ARI THNET IC .
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III. 3. THE 32-BITS ACCUlIULJ\TORS

Th e 32-bits accumu l a tor s o f the d a t a -channels are equa l , but are

c ontro lled by the same set o f signal s from t h e CPU. The block

d iagram of the a ccumulator is given i n Pigure 6. Bas ic o p e r a t ion s

include result-memory READ/~ffiITE through t h e I a nd 0 regis ters a nd

an Ln t.e r na L. Ac c m m LAT I ON mode using the I r e g. tvh en the s ignal eJ

is set, strobing o f I / O reg . (in paraliei ) occurs at the e nd o f

clock phase 2 . Th e signal el contral s the selection o f i nput t o t he

I register, when set the memory bus is s e l e e ted a s input and with

o pe r a t ion by the e 3 signal , a Load s equence i s generated in c Loc k

phase 2. Then e l is cleared , the 32- b i t s binaryadder cha in i s

seleeted a s input. When c 2 15 se t , the O reg i ste r is enabled f or

memory bus t rans f e r during the clock pha s e l. o f the succeeding clock

interval after t.h~ O register is s t r o be d .

ttnen o pe r a ting the DPU·, two distict mo des

defined : START and CONTINUE EXPERn1E NT.

o f c omputati o ns c a n b e

The START EXPERH1EN7 mode

~orre sponds t o the first radar-scan p rocess ing , where t he s c an t o scan

Lntegratio n should be suppressed • \Vi th the given resul t -cne mory

structure the c ontent o f the memory c a n not be c leared s o t he START

EXP. Mode is hand led b y inhib i t ing the rnernory read c ommand (c
l)

and

i ns t e a d l oading the value O i n t o the I register. Th is func tion i s

control l ed by a flip flop (FPI ) which is under real-time controi by

the CPU by generati ng c 4 (RESET ) o r c 5 (SET) t o FFI. Th is handling

i mplies that different p rograms have t o be c onstructed f o r CPU

c ontrolling the two modes. Thi s has been a vaided by i n c l ud i ng a highe r

priori ty f lip fl op (FF2 ) in t he c onstruction. Hhen FF2 is pre s e t;

by ~the c omputer , tihe ::';T l control

funct i on is inhibited , and a CCNTINUE EXP . mo d e is perfo r med .

Nhen FF2 is r e s e t , the input l o a d i n g i s under c ontr o i o f FFI .

The FF2 i s also under rea l -time c ontroi by t h e s ignal s c 6 (~ESLT )

and c
7

(SET) . With this structure a ll p r o grams can be c a ns t ructed

fo r START EXP . c omputations. At the e nd o f the first scan p r ocess ing

the internai program c an set FF2 , defining a CONTI NUE EXP . mo de.

By o p t ion t h e c omputer can preset Fr 2 befare conpu tat ion s s t a r t,

defining a CONTINUE EXP . mode without changing the inter na i

program of the CPU . I n same way t he c omputer can d irectl y restart

a processing by r e s e t o f FF2 wi thout changing t he i n t erna l program .



- 14 -

FfO.!
CPU

C7

C6

Cs
C4

C3

Cz

Cl

u- rnsrRUC'TION

SI'ROBE

CCMlUI'LR
,. ..

PRESET erFAR

OR
illADO

RESULT- ME2'1JRY
oos

Figure 6 . PROGRA~~ING MQDEL OF THE ACCUMULATOR.



Decod ing rules:

l1EMORY READ c I : O

l

liEnORY lVRITE c 2 : o

l

STROBE SIGNAL e
3

, O

l

FFI c Sc 4.: 00

01

10

- 1 5 -

select i n te r naI a c c umu l a tion

select re s.memo r y bus (READ)

noop

o utput trans fer

no stro be

strobe I / O reg i s ter s (end o f clock pha s e 2 '

no chang e of FFI

set FFI, memor y r e a d contro I g iven b y c I

reset FFI , zero l oading instead o f r e a d

no change o f PF 2

set FF2 , inhibit FFI-contro l of el

reset FF2 , enable FFI-control o f c I
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I V CONT~OL PROCESSI NG UNIT (C~U)

Th e rnai n p rocessin g o pe ra t ion o~ t h e CPU i s gene ration o f t he requr i e d

u- o. n s t ruc t Lons ( -!3 con t ra l l i n e s in pere Ll.e I ) from cycle t o c y c l e o f

t he system clock . These i nstructions define the DPU o pe r a t ion s . The

CPU has a n internal program memory s t o r ing t h e set o f ~ - i ns truc tions .

~vhen mernor-y REl\D/~\,:qITE o p e ra t ions a r e d e fined , the CPU internal ly

genera t es the cor re s p o nd i ng addresses t o the buffe r and r e s u l t-me mo r :

ror t h e real- t ime address p r ocess ing, 35 add i t ional c ontr a l lin e s fr

the rrogram memory are requried .

Th e typical data processing algorithms t o be used involve recursive

data ope ra t ions : Sample by samp l e mu l tipl i cations and accumulati ons ,

t he same data-processing a lgorithm i s use d i n a r e c y c l e d mo d e o n

different s ampl e s e t s (range-ga t e o r g a n i z a t ion o f the samples sto r e d

in the buffer memory) . For minima l i za t i o n o f t he CPU program-merno r y

size , an internal program c ontrol h a s been cons tructed for c o nditionall

u nconditional program branching a nd p r ogram l o opi ng duri ng execution

o f a p r ogram in real-time . 28 control lines froM the program- me mo r y

are used f or this purpose .

Additional "background " o !,>e r a t ion s has t o b e !>erformed by the CPU.

These involve c ontrol o f t h e interfaces between the c orrelato r and

t he c omputer/radar-controller. The c orrelator/computer c ommun icatio n

can be split i n t o 2 bas ic o De r a t ions : Program- l oad/para me t e r­

definit i ons transferred from the com~uter be f o r e c omputa t i o n s st~ r t

a nd transfer o f p reprocessed data from the result-memory t o the

computer . qesult-memory da ta-transfer is under rea l- ti~e program

control by the CPu. Comnun icati on'between t he c o r r e lator a nd the

radar-controller involves o n l y a trans fe r of a START CO!lPUTE signal,

generated in real-time from the ~adar-contro l ler. This signa l un­

c ondi tioanl ly starts a p r -ed e f Lned u-ip z-oq r am inside the c orrelator CI' U.

Af ter the start has been initiated the c pu c o n t ro ls all inte r n a l

operations o f the c orrelator without any exte rnal c ommunica ti o ns . The

c omputer can , however , at any t ime s t op inter n a l ope rations of the

CPU by generation of a 11ASTER RESET signal which unc ond iti o nal l y

cancels a running progr a m. Also ·a PROG~l lNTE~~UPT signal can be

generated fr om the c omputer which fo r c e s the CPU t o a HAlT mode .

The WP.IT reset o pe r a t ion is a lso externally c ontrolle d .
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The CPU o f the c orrelator has an internal , programmable mode STOP

which inhibits the internal system clock . In transfer o f da t a f rom

the c orrelator t o the c ompu t.e r using D!ffi-channel, the CPU system

clock is under direct computer c ontral by the c ontral signals o n the

D~m-channel . This STOP mode enables sing le instruction execut i on

i n s i d e the CPU f or c ompensation o f speed mismatch between the c ompu t e r

system and the c orrelator. The transfer o f a single l ocation of t h e

result-memory ( t wo 3 2- b i t wards f or the two data channe ls of the DPU)

are d LvLded in t o transfer o f 4 (llj-bi t) worda o n the D~1P. - channel . The

transfer o f da t a i s programmable and o p t ion s lik e h a lf- wor d trans­

missio n s from the result-memory are available. Al so , by s o ftwar e

c ontrol, ma in oper a t i ng modes o f the c orrelator and c orrelator-module

identification , internal bus va lues inside the CPU, can be transferr e d

t o the c omp u t e r . These o p t ion s enable the user t o have c omputer

analysis of new programs in test run .

Th e CPU has i nterna l error detecting s y s t e ms which ~ainly con t ro l

nummerical o v e r f low o f the DPU accumulators (Pig . 6) and e xterna l

c ontr ol-signal generati o n . tehen an error is detected an ERROR

INTERRUPT signal is set at the ccrre.latorvcceputer änter-face , By reques t

f r om the c omputer a C0NTROL-1roRD can be transferred enabling the

error mode t o be identified by the c amputer .

The correlator front pane l gives information (diade displays) o n

present status o f the c orrelator . P r ont panel functions are also

interfaced with the CPU f or d irect c ontro l /programming the syste rn

without use o f the corn~uter, this op t ion is included mainly fo r

test/service of the c orrelator .

A b l ock diagram o f the CPU hardware architecture i s given i n

Figure 7 . The CPU module contains:

- ]J - PROGRN1 !-1E:1Q!lY wi th selectio n o f RN VPROH modules f rom

the c omputer . Each part c onsists of B s eparate hardware

modules with 6 4 words of 1 6 bits.

- V -pnOG~l SEQUENCER which c ontrols the real-time execution o f

the ]J -program . The ]J -program seg . generates a G-bit progra m­

c ounter (PC) which gives a G-bit address reference t o the

]J - p rog r a m memory . The FC va lue is by o u t p u t from the memo ry
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mapped
inta 123 separa te c ontral signals in paral lel l . 1C o f

these signals are used f or defini tion of next Fe value .

The u-d. ns t ruc t.Lons t o the sequencer include :

- CONDITIONAL/UHCOND. BRANCIIING OF pe COVERING THE

CO~ l!'LETE PROGR . 1'1E!10 RY

- SUBROUTINE J U:1ES (4 LEVELS AVAILABLE)

- PLAG SET/CLEAR

- VEC~O'U j;ED JU~lP OH IN'!'E ~F~. T JPT ~EQTJEST FRQ!! CO:IPUTE~

- PR0G .AA:t:'lABLE T'TAlT/STOP CO~U1Aj'.:jD

- P~OG~1 LOO~ING WI TH CONTROL OF 3 SEPARATE P~Or,P~:1 ­

t~~BLE LOOP -COUNTE~S.

- CPU c ontains 2 SEPARATE ADDRESS pnOCESSO~S f o r buffer/result­

rnemory address generation. Each processor contains

- lILU :10D ULE (16 BITS r OR BUFrr:~ , 12 BITS FOP. RES .!lE~-~ORY )

- gEGI STER FILE UITH 1 7 REGISTERS (2 !'ORTED , REl'.D/~·7TUTE OE

SAl·1E CLOCIZ CYCLE) :

Address ra nge fo r buffer:

Ad dress range f or res .meMory :

(,4 K (16 -BIT "1O'<OS)

4 K (64 -BI T HORDS)

- STATUS REGISTE~ d irectly programmable fr om the c omputer/front

panel. The status reg. is 16 bits and the c ontent defines

basic ope r a t iona l modes o f the c orrelator.

- CONTROL REGISTER giving status o f 3 separate erro r­

indications a nd c orrelator-module identificat i on c ode .

In the ~ol lowing s ubchapters programming models o f the di fferent

parts o f the CPU are g iven .
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I V . l . HAI N QPERAT IONAL !lOnES OF THE CORRELATOR .

DEF INITION OF STATUS-IVORD.

The STATUS-~'1mm ls a 16-bit reg i ste r, wh Lch by l o a d ing f r om t h e

c omputer o r front pane l , def i nes the main op e r a t i o n a l mode s o f t h e

c o rre lator . Severa l bit s are not prograrnmab le bu t show the pres e n t

s ta t us of t he system .

S TATUS-NORD DECODING :

BIT O: CORRELATO~ READY O • NOT READY

1. ..... READ Y

The bit i s nn t prol)rammabl e f rom the c ompu ter hut i nd i c a t e s

if the system is ready f o r a xcep t.Lnq a s'rAR!' CO'lPUTE signal.

BIT i: CORRELA'I'OR RUN o I DLE STATUS

l -. U- P ROGRl>J 1 RUNNI NG

The bit is not programmable.

~IT 2 : I NP UT LOAD REQUEST o ~~ NO REQ .

l ... INPUT DATA/PROGRNl lD1\D REQUE S'I'ElJ

BY C01IPUTER/ I NTERtlAL P ROGRA'l OR

FRONT PANEL

PROGRAH SOURCEBI T 3:

The b it l s no t p r ogrammab l e.

o RAr1 HODULES S ELECT ED

l PROrt MODULES SELEC!1.ED

Tne b it can be s e t by compu ter/front pane l .

BIT' 4 : DATA SOURCE o ~ DATA FROa BUFFER tlE tlORY

l .... DATA rnon PR0?1 !·tODULE

(TEST SEQUENCE ).

The bit can b e r=ogran~ed.

BIT 5: ACCUI1ULATION HaDE O

l

START EXPERIt1F.NT

COHTINUr:: :CXPE:1I rt r:N T

Th e b it c a n be pro g ramme d (see chapte r 111 .4).

BIT 6 : BurPER ADDRESS SOURCE o
l

HORrIAL

:lIXED
(see ch. III)

The b i t can b e !)rogrammed .
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o -> SM1L

l ..... INVERTED

In a given c orrelator -system c onfiguration the CPU o f o n e

o f the modules can b e a ~STE~ rnodule with the other s i n

SLAVE operation . The SLAVE modules need o n l y have the

DPU part rea lized i n hardware. Bit 7 in the status-word

indicates that t he contral signals t o the DPU modules o f

the slaves are t he same as in the master systern, that is

data input to t he slaves are through the individual DIS bus .

When the inverted signal is s e n t , t h e d a t a should be entered

through the EDB bus in the slaves . The bit is programmable.

BIT 8-9 : DATA TRhNSFER ENABLE or) l1l\STER HODULE

01 ...... SLAVE NO.~

10 ~' SLTlVE NO . 3

11 SLiWE NO.1

This mode is only active during a programmed transfer of

data to the computer . By the l-bit selection o n e of fo ur

morlules can b e s e l e e t e d for o u t p u t transfer .

BIT 10- 11 : S'rl\RT EXPERH1ENT s o u n c n 00 ~ CONTROLLED BY F~OHT ?ANEL

Ol -+ " RADAR-COH'TROLLER

10 -+ " COMPUTEH

Start compute s igna l i s only accepted when t he device

is selee ted .

BIT 12- 15 : CORRELATOR llODULE IDENTIFICI\TION NO.

Th is val ue i s no t prograrnmab le but is defi ned by hardwa r e

wi r ei ng on one of the c ircuit cards . Th e modu le identif i ­

cation no . is used wh e n entering data from the computer inta

one of the correlator modules in a multi correlator system.

The actual setting of th is no. is always displayed o n the

front pane l .
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I V . 2 . CONTRQL-Norm O:'1GANI 7.ATION

The c o n trol -word is a l G- h it r e gister which c ontains t h e ~resent

erro r status . When a n e rro r is detected t h e c orrespo ndin g error

bi t i s s et and can o n l y b e reset by a :~STER RESET c ommand .

CONT~OL HORD DECODING :

BI T n .

BIT l .

BIT3 .

~'·lhen set : An i nput Lo a d r equ e s t has been set hut the

cor r e l a tor is b u s y (CO~nr:L1"'TOn 'TlJN cc et ce) •

~ \'hen set : Start c ompute signal is g ene rated from a n ex t e rna l

de v Lce , but t he cor r e La t .o r i s f n -na nua L opera tion .

\'{hen set : St a r t c ornrnan .... g,-, -ara t .ed but CORRELl\TOR RUN is

active .

BIT 3 . wti en set: Start c onunand qenc r a t ed but co.r r e La ter i s no t rea d y .

aIT 4 • tshe n set : Accumu l a t or overf low in s lave nO. 3 .

BI T 5 . whan se t : Ac c umu lator ove.r f Low in slave no . 2 .

BI T 6 . wti en set : Accumulator o verfl ow i n s lave no .l .

BI T 7 . t"Ihen set : Ac c umula tor o v e rf low i n master-module .

BIT 12-15. CO:lRELATOR. ; 10 DUL r.:: I DEN'I'I P I CAT I ON NO .



- 23 -

IV .:l. ]1 - P 110 r; !V\ ' \ ~XE(,UT!()N

The system f o r rea l - t i me c ont ra l o f the p r oq raM e xecuti o n is qiven i n

Figure 8 . Together with the program rnemory , the system r eali ze s a

feedback s ystem f o r generati on of a new pe va l ue i the p r ogr . -memory

reference f or the next readout o f the 2R-bit ~ - i ns truc ti on word in t he

next c!ock interval . The exe c ut ion cycle is s ynchr onize d with the

s ys tem-clock o f the cor re la tor . Th e pe value def i n iti o n depends on

t he c ontral signals 51' SO' FE and PUP f r om the cond i t i on-code t est­

systern. This sys tem tes ts present status o f the l oop-coun ters (Le) I

a nd , depending o n the result of the test, genera tes a g i ven s et o f

5 1 ' SO ' FE a nd PUP . The pe value can e i t he r be d e f ined by the T

reg is ter c ontent , t he c ontent of t he START ADDRESS registe r, t h e l a st

va l ue l oaded i n t a the register s t ack o r d irect1y from the ~ - program

its el f by the DIRECT ADDRESS input. The T r egister is a~~ays l o a de d

with "t he PC va lue +1 at the e nd o f c Lock ph a s e 2 . The u-rpz oqz'a m

sequence r c on t a ins a 4-register stack in LIPO (last in first ou t )

ope r a t ion . ~o r sta c k ope r a t ion the FILE ENABLE (FE ) and PUSH/POP

STACK (PU? ) c omm.J.ncs are generated. Fo r t he ~ -sequencer the f o1lowing

d e c od i ng is us ed :

pe VALUE SELECTION 51' SO : 00 T REG.

01 DIRECT ADD RESS (DA)

10 REGISTE~ STACK (RS)

11 START ADDR .REG . (SAR)

SYNCHRONOUS STACK CONTROL FE , PUP: 10 NOOP

01 PUSH

00 POP

PC va l u e and i nternai nex t - c yc l e register states a r e given in

Figure 9. A t ota l o f 12 different oper a t i o ns are avai l a b l e .

Fo r genera t i on o f the 4 c ontroi bits 51 ' SO' FE , PUP , the c ondition­

code t es t s ystem uses bit PI t o P14 o f the ~ - ins truc tion word.

These 14 b i ts are divided inta 3 subsets: Code - s et A, c ode-set B

a nd a G-hit c ondition c ode. The o r g a n iza t ion is shown i n Figure 10.

Depend i ng on the b i t s ettings in the c ondition-code, the test syste~

ge nerates e i t her cod e -se t A or c od e -set B t o the ~ -program s equenc er .

In a c onditiona i t e st ope ra t ion the decision is depending o n the

pre s ent l oop-counters. Also a unconditional mode i s available by

progra mrning.
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Figure 8 . \J -PROGRAM EXECUTION SYSTEM .

EXTERNAL DI:.VICE



- 25 -

The register SAR and l o op-counter registers Le Rl , LCR2 and LeR3

c an be dire ctly l oaded from the c omputer o r front panel. By use

of the instr. bit P2 2 the LCRIA c a n be loaded with t he pre s e n t

c ontent of t h e l oop-counter Le l.

ClJXK
S I / So ,F~, PUP l ' REG DA RSO RSl RS2 RS3

PC-
a:t<MENI'

PRlliCIPLE
CYCU:; VAllJE USE
=-+= - --= = -
" 0000 J K Ra Rh Re Rd J pop SI'ACK DELEI'E

N+l - J+l K Rh Re Rd Ra - lDJP

N 0001 J K Ra Rh Re Rd J
PUSH T REG .

SE.T-UP
N+l - J+l K J Ra Rh Re - reor

N 00 110 J K Ra Rh Re Rd J aJNl'1NljE CON1=N+l - J +1 K Ra Rh Re Rd -
N 0100 J K Ra Rh Re Rd K pop srACK DELEI'E UDP

N+l - K+l K Rh Re Rd Ra - U$E ~ FOR ADDR. JUMP

N 0101 J K Ra Rh Re Rd K PUSH T REG . D1RECr JUMP
Nt-L" - K+l K J Ra Rh Re - USE OJ'.\.. FOR ADDR. TO SUBIUJI' INE

N 011\1 J K Ra Rh Re Rd K
USE DA. FOR ADDR . DlREX:'T JUMPN+l - K+1 ·K Ra Rh Re Rd -

N 1000 J K Ra Rh Re Rd Ra USE ADDR, IN RSO RElURN FRCM
N+l - Ra+l K Rh Re Rd Ra - pop STACK SUBrourINE

N 1001 J K Ra Rh Re p,ct Ra USE ADOR. IN RSO
N+1 - Ra+l K J Ra Rh Re - PUSH T REX:i.

N 101\1 J K Ra Rh Re Rd Ra
USE ADDR. IN RSO

END lDJP
N+1 - Ra+l K Ra Rh Re Rd - RElURN

N 1100 J K Ra Rh Re Rd SAR pop STACK DELETE UDP ,
N+l - SAR+1 K Rh Re Rd Ra - USE SAR FOR ADDR. JUMP

N 1101 J K Ra Rh Re Rd SAR USE SAR FOR ADOR . SAR-JUlP 'ID
N+1 - SAR+1 K J Ra Rh Re - PUSH T REG. SUBrourINE

N 11110 J K Ra Rh Re Rd SAR
USE SAR FOR AroR.

JUMP 10
N+l - SAR+1 K Ra Rh Re Rd - SAR

Fi?ure 9 . pe val ue a nd interna l nex t - cyc l e register states
for the u- pro g r am sequenc er.
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CONDI TI ON- CODE I NSn UCTI ON FO:<llAT :

] P14 IPl~ l p12_}1l1~1~ P9 I~MU~~=
\ ,./, y I

Y
...

Condition-ccde

CONDIT ION-CODE DECODING :

Code-set B

Figure 10 .

Ccde-aet; A

I F TEST IS TRUE USE CODE-SET B t

ELSE USE CODE-SET A.

(LC3) (LC2 ) (LC3) (LC2) (LC1)

TE ST COND!TI ON, P
l3 P12

D
P10 P

9' 11

0 0 O O a USE CODE A UNCON-·
DI T IONALLY

l l O O l LCl = o

l l o l o LC2 = o

l l O l l LCl OR LC2 = o

l l l o O LC3 = O

l l l O l LC l OR LC 3 = O

l l l l o LC2 OR LC 3 = o

l l l l l LCl 0'< LC2 OR LC3 ,...

l o 0 <1 Ö SAI'IE AS BEFORE WITH
LC2 • o

o l f'\ <1 0 SNtE AS BEFORE WITh
LC3 *' o

o o 0 0 <1 SAHE AS BEFORE tVITH
LC2, I.C3 *' o
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I F TEST l I S TRUE USE CODE-SET B,

ELSE I F TEST 2 I S TRUE USE CODE-SET A,

ELSE CONTI NUE (g enera t e 51 ' SO ' PE , PUP = 0010)

TEST-CONDI TION, P1 3P1 2PllP10P 9

l l O l l TEST 1,LCl = O, TEST 2 'LC2 = O

l l l l O TEST 1 ,LC3 = O• TEST 2 , LC2 = O

l l l O l TEST 1 , LCl OR LC3 = O

l l l l l TEST 1, LCl OR LC3 = O, TEST 2 ,LC2=0

l O 0 " (l CHAN= PQLI\RITIES ON <XJUNTE.llS IN TEST 2

O l 0 0 0 CllANGID FOIARITIES ON COUNr . IN TEST l

O O 0 0 (l " TEST l AND TEST ~

The loop-counters have "l Z b i t s a nd have individual contra l bi t s fro m

t he ~ - i ns tr . word . The fo l lowing decoding i s used :

LCl I NSTRUCTI ON, P17P16P15 = 0 0 0

0 0 1

010

011

1 0 0

101

110

111

NOOP

DECREflENT COUNTER LCl = LCl - l

LOAD COUNTER LCl = LCRl

LOAD COUNTER LCl = LCR1A

LCl = LCRl AND LC2 = LC2 - l U' LCl = O,

ELSE LCl = LCl - l AND LC2 NOOP.

LCl = LCR1A I F LCl OR LC3 = O,

ELSE LCl = LCl - l

Lel = Le Rl IF Lel = O,

ELSE LCl = LCl - l

Le l = LCRI A I F Le l = O,

ELSE LCl = LCl - l

LC2 INS TRUCTION , P
1SP 19 = 0 0

01

11

NOOP

LC2 = LC2 - l

LC2 = LCR2
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LC) INSTRUCTION , P21P 20 = 00 NOOP

01 LC) = LC) - l

10 LC) = LCR)

11 LC) = LCR) IF LC ) = O,

ELSE LC) = LC) - L

LCR1A INS.TRUCTION , P22 = O NOOP

l LCR1A = LCl

The l oop- c oun t e r s are opera ted at t he end of c!ock phase 2 o f the

system c l ock . This implies that the c ounters are ope r a ted at the end

of the u- i ns t r uc t i on execution eyele. The r egi ster LCRIA are l oaded

at the end of clock phase l (middle o f t he ex .-cycle) .

Th~ l owest and highest address in t he p rog r a m memory, 00aand 77 3
(actal) , are used for special status o f the correlator systern .

tvhen pe = OOa ' the Lncremencer o f the u-is eque nc e r is inhibi ted , and

this l ocation is used as a IDLE STATUS. The program is started by

generation o f the START cm1PUTE signal fr om either c ornputer/radar­

c ontroller or front panel . If the given signal s ource is enab led by

bit-settings in the status -word and a program is not presently

runn ing (if CORRELATOR RUN is " O" ) , the p r ogram is started by the

automatic operation : PC = SAR. The SAR must always contain the

s tart address for t h e p rogram . Also , the last i n s t r uc t i o n of a

program must contai n a PC = 00 8 jump . A running program can a lways

be cancelled by t he l~STER RESET c ommand, this force s the PC = DOS,

The r~STER RESET will reset a ll flip flops which are set by ecternal

devices or under program control. Also the CORRELATOR READY mode

is cancel led . A sirnplified f low ~iagram o f the program execution is

given in Figure 11 . Th e CPU has an op t ion o f program interrupt.

t~en the interrupt FF i s set , an interrupt sequence starts in the

first cycle a CONTINUE command (SlSOFEPUP = OOlO)is generated from

the test system . The PC va lue i s stored in the register stack and

a program b reak poin t is performed by the jump PC = 77 8, In

location 77
S

the start address o f an interrupt-service r outine can

be stored or the p rogram can be stopped. Break-point with restart

on the stored PC va lue in t he r~gister stack is performed by

externa l reset o f the interrupt-FF. Except f or the l ocations OOS

and 77 8 a CORRELATOR RUN signal is set indicating run of a ~­

program .
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IDLE S!'AWS

o g r am

CDRR. RUN )
W1\rr

PC 00 Figure i l.

Flow diagram of pr

SI' m execution .
mrurn

SeT?

YES

SEl' fe ~ f'J\R
SEr CORREUlIDR RUN

PID;RAM ME1>f)RY READ
ADDRESS REFERENCE Fe

S'I'IDBE \J - I NSTR . REGISI'ER

RESI:.T CORREL YES~1 ;+ •'--- RlJl' r#yRES!:.'!' FF '5
..

NO

P22=1?
m

~NDITION-COD
TES']'

·'S
parallei

•I
operations

LCRlA=LCl ~'ERATE

51 ,50 ,FE , PUP
ID

I J -S~

L
YES -""'"'"'~ m=SEr?

~m
YE:S

PUSH PC I mD SI'ACK
SEl' PC = 77 8

t
2

OPER,6,TE lOOP-COUNTER l IOPERATE LOOP-COUNTE R l
I

RESEr CORR . RUN • RESEr IN'rERRUP'f rms GENERATID)( Pc-nR
SEr

END OF
CLCCK PHASI::

END OF
CLCCK PHl\SE l

BEGINNING OF
ClOCK PHl\SE l
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IV.4 . THE ADORESS PROCESSORS APB AND APH

The two address processors o f the CPU are functionl ly equal. The

address processo r f or t h e buffer memory, APB , i s a 16 - bi t processor.

The resultmemo ry p r ocessor , APn , has 12-bit representation. The

b l ock diagram o f the APa i s given in Figure 12. The APM has

simplercons truction with the exclusion of the DATA I regis ter and

the o p t ion o f seleeting l o op- c ounter v a l ue f or the B-ad d r e s s . The

address bus handling at o u t pu t is also differen t as given in

Figure 1 3 .

The APB uses a la-bit ~ -instruction ward as de f i n i t ion o f system

o per a t ion (APH has 1 7-bit , without IlS) ' Th e interna1 decoding

o f the u- i n s t r u c t ion word is given in Figure 14 . The 16 registers

in the reg ister stack , DATA I reg . can be l oa de d directly from the

c omputer/ front panel in the i d l e status o f the corre lato r . The

regis ter s tack and . the Q r e gi s t e r are two -po r ted wh ich enables a

read/modity/write o pe r a t ion with the same stack re ference i n o ne

execution cycle .

Du r ing program run , one can u s e the address processors in a n

index rel a tive add r ess i ng mode . Before t he program starts a b s olu t e

memory a ddre s s r e ference s t o geth er with increme nt/decrement va l ue s

c a n be l oa de d i nto t he r e gister stack . In program e xecu t ion , o ne

can c ompute ne w va lue s fo r the a ddr es s using the ar i thmetic/ l ogic

unit (ALU) and the f eed ba ck l o op i n a recursive address ing mode .

With the l oop-co u nter op t i o n fo r Baddress , APB has a program

r e l a tive stack reference .



- 31 -

Figure 12 . ADDRESS PROCESSOR FOR BUFFER MEMORY (APB)
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I
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FroM
APM

RESS BU;
T-MEMlRY

TE ADDRESS
ADDRESS

12

PIPE-LINE REX;ISTER

' !SB

• fM,sB- l
SYSTEM CLOCK

I 2-'fO-4 I 10
OEOJDER

~ HI~ +

PIPE-LINE REGISTER
SYS'rEM CLOCK

~
P!JASE l , WRI
PHASE 2, READ

SYSTEM CLOCK

READ ADDRESS
...
u 16"'WRITE
..,

ADDR . "'<Il ADDPIPE-LINE REGISTER
TO RESor;

- •
PIPE- LINE REGISTER

SYSTEM
CLOCK

SELECr ONE OF
RESULT-MEl>DRY H)O

(l K, 64 BITS)

Figure 13. ADDRESS BUS HANDLING FOR THE APM .
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-
MICID mOE

ALU SOURCE
OPERANffi

1 3 1 2 I I OCI'AL R S

O O O O A Q
O O l l A B
O l O 2 O Q
O l l 3 O B
l O O 4 O A

I
l O l 5 D A
l l O 6 D Q
l l l 7 D O

ALlJ-SOURCE OPERAND OJNTOOL

MICR) mOE ALU

I , I S l , ocrat, FUNCTION

O O O O R+S
O O l l S- R
O l O 2 R-S
O l l 3 RORS
l O O 4 R AND S
l O l 5 R !\NOS
l l O 6 R-EX-GRS
l l l 7 R-EX-NJRS

ALU FU'lCITON CONrIDL

MICRO mOE
REGISTER-STACK Q-REG _

FUNCTION FUNCTlON OllI'PUI
19 l , l , ocrxr, SHIFT WAD SIl lET roAD

O O O O X NONE NONE F ·~Q F

O O l l X NCh'E X NCNE F

O l O 2 NONE F - B X NCNE A

O l l 3 . NCNE F ~ B X NCNE F

l O O 4 IX1tIN F/2~ B IX1tIN Q/2 ~Q F

l O l 5 COWN F/2 -+ B X NCNE F

l l O 6 UP 2F -+ B UP 2Q -+ Q F

l l l 7 UP 2F -+ B X NCNE F

ALV DESTINATION CDNl'RJL

I'--.. 1 32 1 O l 2 3 4 5 6 7
l ,

~
5 ALU 'URCE

A ,Q A , B O,Q O, B O, A O,A O,Q 0 ,0,
FUNC-
TION

O R+S A+Q A+B Q B A D+A D+Q D

l S-R Q-A B-A Q B A A-D Q-O - D

2 R-S A- Q A-B - Q - B - A D-A D-Q D

3 RORS A-.Q AvB Q B A OvA O-.Q D

4 R !\NOS AAQ AAB O O O DN'. OAQ O

5 RANDS AAQ AAB Q B A OAA OAQ O

6 R EX-GRS A'tQ AvB Q B A OvA O,Q D

7 R EX-OORS A'tQ AvB Q B A OvA OvQ D

SOURCE OPERAND AND ALU FUNcrION MATRIX

Figure 14 . DECODING OF THE INS TRUCTI ON WORD FOR
THE AOORESS PROCESSORS _
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IV . 5 . OUTPUT TRANSFER OF PROCES SEn DATA TO THE CO~1PUTER .

The NORD- l O compute r has a 16-bi t rnemory word a nd a transfer o f

one l ocati on i n the result- memor y requires 4 16-bit word transfers

t o t he c a mputer . Fo r r e d ucing t he r e q u ire d t r ansfer-time , the

comrnunicati on between the result-memory and t he c omputer should

lise a direct-rnemory access , D!1A . The present s cherne f or con t rol l i ng

the OUA- cha nnel transfer us e s 2 contra l signals : A DATA READY

signal fr om the c or r e l a tor , when data is valid on t he Dr~ bus , and

a DATA RECEIVED 510na1 generate d fr om the c ompute r.

The TRANs r ER mode of the correlator i s contr ol led by a ~ -program

e xecutio n . The trans f er-progra m can be processed in c onnection with

othe r progr ams o r initiated f r om t he c ompu t e r by reprog r a mrn i ng the

START ADD~ES S r egister a nd generate a STA~T COI1PUTE signal. In a

mul t i corre l a t or s ys t em, the module e nabled i s g i ve n by bits 8-9

in t he STATUS-NORD. · · The c orre lator CPU uses a 8- b i t u- f.n s t ruc t r on

word f or i n r e ul - t ime c ontr olling the t r ansfer .

\J - INSTRUCTION NORD FOR DATA TRANSPER:

DATA READY

NOOP TRANSFER
SELECT CODE

TRANSFER
SELECT
lffiEN SET

I NHIBIT
SYSTE:I CLOCK
~V1tEN SET
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TRANSFER SELECT CODE TST4T3~ 000

001

01 0

011

100

101

110

111

STATUS I;QRD

CONTROL WORD

RES . l1EHORY XL S l Da ta-channel l .
RES .~lENORY Xns ~

RES . I1EMORY YLS ( Da t a - c han ne l 2 .
RES . r·1E!40RY YI1S
TESTWORD l

TESTWORD Z

TESTWORD l ORGANI ZATI ON:

MSB LSB

APB u-instr uc t l.onIF SET .
PC=77a I

~. IF RESET

PO=O°a

Ln a t.z'uc t.Lon

o I~J_:9}~ _ ~uP L__~ I g I a I 7 I 6 I S I 4 I 3 I Z I l

, I ! \-• /Y
u- s equenc e r ~ ~

TESTWORD Z ORGANI ZATI ON:

r4SB LSB

o O B3 B2 Bl BO A3 AZ Al AO

\ • j \ Y /
PC VALUE ac t ua l addresses t o t he

r egister s tac k o f the. APB .

Te s t wor d l and 2 can be used f or tracing the e xecut ion o f a

u- p rogr am.

The u- i ns t r uc t lon bit Tl is used f or inte rna1 setup f or data

transfer and i s displayed at the corre l a t o r f ron t panel . The

bit T2 is used f or synchronize the ope r a tions o f the c orrelator

with the c omputer DATA RECEIVED signal . When the bit T2 is set ,

the interna1 system c lock i s i nh i b i t ed and the correl a tor CPU executes one

u- i ns t r uc t ion af ter the high t o l ow transition of the DATA

RECEIVED signal from the computer. A fl ow d i a g r a m o f a transfer­

program and timing-diagram o f t he DMA c ontroI signals are g i v e n in

Figure 15 . With this o utput transfer handling the c orrelator c a n
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be inter fac ed with any externa l system havi ng a l onger eyele­

time .

The correlator module is not l ocal l y generating t he c ornputer

memory address when DMA is r e q ue sted. It is assumed that this

o pe r a t ion is performed b y the orffi i n t e r f ace.
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FLOW DIACRAM:

I~~ PRF.X:EDING I

AT LEAST
8 CYCLES FOR
T1ME- FULING

r--- - t- - ---,
u- US TR. N

GENERATE ADDRESS FIU1 APM
N+i SEr SE1ECITa<-(I)DE BITS

TS T., T3

N+2 SEr T AND T

. .

IN srop M)OE: RESET Ta
WHlli' DATA PECEIVED t

~Th00 RECE;\lED •

YES

N+3 0JNl'INUE PROGRAM EXECU1'ION

· I F T2=O·· UPDATE SELECI'ION-alOE BITS·· OR
GENERATE NEW MEM)RY-ADDR.

I
I

TIMING DIAGRAr.t :

1 50 nsee MIN...
DATA READY __qL ,~--FIDMCXlRREIATCR

DATA=~ ~ fL -~~ ffi'Pl1IER

... 30 ns e e MI N ..
Figure 15 . DMA TRANSFER TO COMPUTER.
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I V. G. CORRELATOR INT ERFACES,

INPUT LOAD OF DATA/PROGRAJ1S TO THE CORRELATOR CPU.

The c orr e l a tor interfaces with c o r r e s po nding con t ra l sign a l s a re

given in Figure 16 . Th e in t e r fac e handling can be s plit into 4

subgroups:

a l Inpu t data / pro g r a m l oad of c orrelator CPU fo r

def inition o f i ntern a l o p e r a t io n .

b ) Interrupt handling c orr e l ator +~ c omputer d u ring

e xecuti o n o f p r ogram .

el Real-time s i gna ls f r om r ada r - con t rol le r du ring a

radar exper i ment e xecu tion.

d) Data transfer c o r relator ~ c omput er o n Dr m -channe l .

SUBGRO UP A: Input data/program load of c orre la to r CPU

The c orre lato r i s equi p ped with a b idirect i o na l 16 - b its

da ta/address bus f or input/output t r ansfe r . The bus handling

is c ontrolled by 3 (aetive l ow) sign a ls f rom the external device :

TRANSFER ENABLE, ADDRESS LOAD AND DATA LOAD. TRANSFER ENABLE

must a l wa ys be ac tive when DATA OR ADDRESS LOAD is generated .

Inpu~ loading is performed o n request o n l y if t he c orrelator is in

remote c ontrol ( f ron t panel s etting) and the CORRELATOR RUN signal

is not active. If these e ondi tions are not f u l f i l l e d , errorbits l

and/ o r 2 a r e set and error-interrupt is ge ne r a t e d t o the externa l

device . Input l oad t o the c orrelator is performed in two cycles .

In the f i r s t e ye l e a transfer o f addr e s s must be perf ormed . This

~ddress def ine s the dataway s e l e c t ion ins ide t he CPU module .

Address trand f er mode is initiated by se t t i ng TRANSFER ENABLE and

ADDRESS LOAD aet i v e (a e t i ve peri od 1 5 0 n sec MI N). The e orrelator

wil l genera t e a TRANSFER ACCEPED s ignal if input-transfer is

enabled . Then the s e cond e ye l e is ini t ia ted by s e t t i ng TRANSFER

ENABLE and DATA LOAD activ e.
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Figure 16. SIGNALS IN THE CORRELATOR INTERFACE5 .

al PROGRAN!DATA LOAD

mRREIATOR

DATII,/AOORESS
Bill 16

TAANSEER ENABIE

AOORESS IDAD

DATA IDAD
TRANSFt:R ACCEP'I'ED

bl I NTERRUPT! CONTROL .SIGNALS DURING PROGRAN EXECUT ION

m RREIATOR

NASTER RESET
START CXlMPUTE

INI'ERRUPT REQUEST
!NTERRUPT RESET

ERIDR INl'ERRUPT

FLAG

c ) START-INITIALI ZATION

m RRELATOR

START ro-IPUTE

START TRIINSEER

d l TRANSFER OF PROCESSED DATA

mRREIATOR

DATA READY161-__~~~~
DATA RECEIVED
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Af ter data is l o ad e d t he TRANSFER ACCEPTED is r e s e t a nd a ne w

trans fer can be initiated .

THE TRANSFER WORD FOID1AT :

l . CYCLE , TRANSFER ADDRESS (TRANSFER ENABLE/ADDRESS LOAD = O)

.B LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 l O

-, • I , I \ /• T

STACK
\. T

INTERNAL REGISTER
ADDRESS :0-178

RAJl INTERNAL LOCATION :0-77
8'-------_/

I NTERNAL RAM MEMORY
OR REGISTER ADDRESS
LOCATIONS USED:
0-24

8
AND 37 8

CORRELATOR MODULE
IDENTIFICATION NO :

O - 17 8

2 . CYCLE , TRANSFER DATA (TRANSFER ENABLE/ DATA LOAD = O)

IISB LSB

15 14 1 3 1 2 11 10 9 8 7 6 5 4 3 2 l O

Data must be in binary format and the number of bits u s e d as

input de pends o n t he b i t - length of the seleeted roo dul e (always

the LS-bits are used) .

With the addressing decoding used the transfer bus can be

connected t o 16 differen t correlator modules .

When manual -contral mode i s se leeted from the front pane l ,

the i nternal bus is di r e c tly c o nne c t e d t o fro nt pane l swi the s

and input l o ad can be performed.
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LIST OF PROGRAr~1ABLE UNITS INSIDE THE CPU WITH CORRESPONDI NG
IDt;N'fH' IC1"''l'IO~~ j'l.DiJKt:~S!::::)

ADDRESS (OCTAL CODE) , BITS 6-10 IN ADDRESS NORD

(6 BITS)

( 1 6 BITS)

START ADD RESS REGISTER (SAR) POR PROGRAll

DISPLACEHENT PARAf.1ETER IN D REGISTER ,APB

DATA I REGISTER , APB (16)

O: OUTPUT TRANSFER OF STATUS-l';'ORD

l : LOAD STATUS-NORD Q6 BITS)

2 : OUTPUT TRANSFER OF CONTROL-~mRD

3 : NOOP

4 : LOAD

5: LOAD

6 : LOAD

7 : NOOP

10 : LOAD RAH-MODULE O, :!EU ORY ADDRESS GIVEN BY BI TS 0 - 5 ( 16 )

11 : " l , "

12:" 2 , "

13 : Il 3, "

14:" 4, "

15: " 5 , "

16 : " 6 , "

17: " 7, "

20 : LOAD REGISTER STACK IN APB , ADDRESS GIVEN BY BI TS 0 -3 (16)

2 1 : LOAD REGISTER STACK I N APII , " (12)

22 : LOAD LCRl (LOOP COtJNTER 1) (12 )

23 : LOAD LCR2 ( " 2) (12)

24 : LOAD LCR3 ( - " 3) ( 1 2)

37 : LOAD STATUS C01U1AND: CORRELATOR READY ( 1 )

The output transfer (address O a nd 2) is i n i t i a t ed by the 2 . cyc le

c ontrol-s e t t i ng s (these transfers can not be cont ro l l e d by t he

fro nt pane l) .

The c orrelator CPU has a total capasity of

PROGRAII IIEIIORY: 512 LOCATIONS

DATA MEMORY 39 LOCATIONS
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During program execution (CORRELATOR RUN acti ve) , t he i n ter na1

transfer bus is connected t o the first pipe-line r egiste r at the

o u t p u t o f the APB (see Pigure 12 ). By u- p rog r am c ontra l , t h e

registers with address 4 , 5 , 22 , 23 and 24 can be r e pr og r a rnmed by a

110VE instruction c ommand , which enables transfer o f data f r om the

r e gi s t e r stack o f the APB t o the given r eg i s t ers.

~ - INSTRUCTION CODE,

SET, ENABLE !lOVE OPERATION
CODE l

lVIIEN
REGIST ER ADDRESS

L" L, LA L, Lo LI
\, • J

The HOVE i ns t r uction is e xec uted i n 2 clack i n tervals s o the

i n s t r uc t i o n must always be f ollowed by a NOOP-instruc t ion .

SUBGROUP B: Interrupt hand l ing.

The c orrelator is designed wi th 2 interrupt signals , which c a n b e

hand led at separate priority l e ve ls i n t he comput e r . The e r r o r

in t e r r upt signa l i s permanently se t af t e r an e rror i s detected and

is r e s e t a n l y by t he !~STER CLEA~ signa l . Al s a a war n i ng signa l ,

FLAG OUTPUT , can be genera ted . This s igna l is under ~ -pragrarn

con t r a l and can optional ly be used f ar informat i o n of pr ogram

execution.

Ni t h t he use of :1ASTER ~ESET , START CO!lPUTE a nd SET/~ESET OP

PROGRA11 I NTERRUPT from t he c amputer in a t est s itua t ion , the

c amputer has a direct c ontro i trac ing program exec u t ion . These

signa ls can be generated from the front pane l in ma nua l c ontra l .

SUBGROUP C: ~eal-time signals from t he radar -con t rol ler .

Wi t h t h e present design anl y a START CO~PUTE s igna l is g ene r ate d

from t he r adar - c ontro lle r . Thi~ s ignal (active h i gh i n 150 nsec~IN )

must be generated f o r each r ada r sean t o be pro ces s ed . The

signal mus t be synchronized with the t ermina tion of s amp l i ng

c ommands t o t he on l y analog/dig i ta l converters . I f the c orre lator

system is prepared f or accepting START c orU1AND f rom t h i s sou r c e
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(bit- s ett i nq in the s tatusword ) and the c orrelator is r eady , the

START CO:'LtAND i ni ti a t e s a p r o gra m sequ e nc e wh i.ch sets the pe

va l ue e qu a l t o the c on t e n t o f t he START ADDRESS regis t e r (SAR )

I f a new START cm~IANn is generated befar e the c orre lator h a s

fi nished t h e ~rogram exe c u t i o n, a n e rrOC -bi t in t he c a n t r o l -wo r d

i s se t.

A problem arises when t he corre l a tor sean computa t ions a r e s t opped

anc t h e O",tA-channel t r a n s f e r o f p roc es s ed data i s i n it iated . This

r ep r e s e nt s a bre ak point i r p rogram execut i on , a nd with the pr ese n t

s ys t em designed, this c an , n l y be handled by a ou t put trans f er

f r om t he c omputer redefining t he con tent o f the SAR (START

ADDRESS reg ister) fo r reference t o a new p r o g r a m r o ut i ne . The t i me

us ed f or this redefinition i s depe nd i ng on t he presen t priority

program s t a t us i nsid e t he comp ut.e r . Nith rede s i g n o f the input

ha nd l ing a n ext r a Lnt.e r r up t e- Ldne STAR'!' TRANSFER can be Lnc Luded .

In t h i s ca se the r adar-controller mus t have a program break point

i n o r d e r to genera te t he START TRANSFER signa l s . This in t errupt

handling inside the correlator c a n be vec tor i zed , t hat is , the

i n ter r up t s ervice r outine is the program whi ch t r a nsfe rs dat a ou t

o f the cor r elator .

SUBGP.OUP D: D~ffi-channe l trans f er i s de s c r i bed i n chapter IV .S .
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IV .7 . PRQGRM1 ~1EMORY CONPI GU!lAT I ON ,

TI1lE-DIAGRN'S POR PROGRAJl EXECUTION.

One program l oca tion i n the progr am memory consist o f 128 b i ts .

The bit decoding o f t he 1 28-bi t u - i n s t r uc t l o n word i s given i n

Figure 17 .

As given in c hapter II I , the DATA PROCESSI NG UNIT (DPU) perfo rms

t he different a ri t hmeti c ope r a t i ons on a sample read fr om the

buffer memory in different c loc k int e r va l s by having tempora ry

storage registers f o l lowing each o pe r a t ion . This i s sketched i n

Figure 3. Normally this " pipe-line "-structure implies that a

sample proc essing t hrough t he DPU i s defined by more then o ne

program l ocation because the process i ng extend ove r several clock

intervals . Th i s problem has been avoided by als a having the

program-coun t e r (PC) pipe-lined . Ni t h this structure one obtai ns :

THE u- I NSTRUCTION I N ONE PROGRAM ME'IORY LOCATION CORRESPONDS TO

ONE SN-1PLE PROCESSING THROUGH T HE WHOLE DPU.

This means that when prog r arnrning the correlator f or a execution

eyele , one need not c ompens ate f or the requ ired t ime-de l ay s i ns i de

the DPU .

The int e r n31 , f i xed t ime-delays o f the cont r o l s igna ls af ter

r e ad out o f an instruction word from t he p rogram memory a re

g iven i n Figure 18. This d i a g r am is val id when TRANSFER BI T

Tl=O (transfer not selected) .

The memo r y addre s s fo r output t r ansfer fr om the r e s u l t - mernory

is generated from address p r ocesser AP!1 . As given from Figure 18 ,

the execution o f a resul t-memory referenced instruction i s per ­

f ormed i n clock interval 5 , 6 and 8. In o r d er t o reduce t he

r e qu i r ed time when ou t pu t transfe r mod e is selected (Tl -bit a c tive) ,

t he t i me diagram in Pigure 19 i s valid .
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RAM-MllJULE O, ADDRESS 10 ,

""B CSBI 15 14 13 12 11 10 9 8 7 6 5 4 3
1
2
] l I~ I rOI lI " I " 114 I " I l2 I l! l lO I , I , 17 I . I s 14

bit
u-code

B-ADDR. REG. STACK A- AUDR. REG. STACK ALU DESTINATION ALIJ-F'lJN:TION ALU-SOURCE . 1
I' -I- -I' - I- - I. _.

APB
"I

RAM-MJDULE l, ADDRESS 11,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 l O
I }8 P14 PI 3 P12 Pl! PIO P, P, P7 p . Ps P4 P, P2 PI 117

F LB:TI. OONDITION mOE

APB
I" ' I-

. 1. CODE-SET B

" -SEJ;)UENCER
• l-- fiDE-SE:!' A

RAM-MJDULE 2, ADDRESS 12,

15 14 13 12 11 10 9 8 7 6 5 4 3 2
~2 1 ~1 1P2' P27 p,. P25 P' 4 P23 Pn P21 P20 P19 P18 P17 PI. PI S

I.. ADDRESS-(X)OE DIRECI' JUMP .,'PM . Le3 Le1 I I.SE:!! RESm'
UXlP-fiUN'IERS FLAG

l " et
RAM-M)DULE 3 : ADORESS 138

15 14 13 12 11 10 9 8 7 6 5 4 3 2 l O
C, C2 Cl Cs C4 C7 C. T, L. LS L4 L, L, Ll

NOOP STROBE WRITE R~tsO RESET SE·F RESET
. 110 RES.MEM. MEM.

SET SELECT NODP
ADDRESS-OJDE

REDEFINITlON OF REGISTERS,.. -.DPU ACClMULA'IDRS

ADDRESS 14 ,.
1 15 1 14 I 13 1

12 I~ 1
10 9 8 7 6 5 4 3 2 l O

"5 '" "2 ", "- "S '" "2 ", ". "5

RAM-M:lDULE 4,

SELECT B
.. t.. • I

.t.MULT • 2 I I

SElECl' B SElECl' A
.. I" I I'

HULTIPLIER 3
"I-

~~~~~ STROOE ENAflLE EWlBlE SELEcr B SELEcr A
ADDR I- REG EOO EAB ~I";===--+'~I '~===-":':"_"'==:"":~~===-=":'-""==~'"
....DPU I NPUI'-BU5ES I I" MULTI PLIER 4

RAM-M:lDULE 5 , ADDRESS I S,

15 14 13 12 11
M3 M2 MI Mo MS

MJLTIPLIER 2 HULTIPLIER l
I" • I .

RAM-M:lDULE 6 , ADDRESS 16 ,

115 1
14 13 12 11 10 9 8 7 6

IT~4 I T~ 3 T~21 T~ 1 1T~O I T09 1Ta T7 T. Ts T4 T, T2 T17 Tl ' T"
DATA
WAD~ .
I.

RAM-M:lDULE 7 , ADDRESS 17,

15 14 13 12 11 10 9 8 7 6 5
4 I 3 1 2 I l O

I , 17 I . I s 14 I , 12 I l al a , a, a4 al a 2 a 3 a4
ALU DEST . ,A,Ll;- FUNCITONI. .. l. .., .. HULT l, HULT 2 HULT 3 , HULT 4

I I I .. I

.- AP"

ALUH D lJRCE -I-
••• DPU ALUI S . ,

Figure 17 . PROGRAM MEMQRY CONFIGURATION.



CLOCK l 2 3 4 5 6 . 7 8
CYCLE, ( , ( /c ;' / " ") , ) ;

ll- INSTR. STIDBE

PC=n----
r

DPU INPur
Dl\TA HANDLING <

"r:

DPU FUNCTION ,

'-

READ/WRITE {
RESULT MEM:lRY

F'LAG OPERATION {

PROGRAMMING
OF REGISTERS

APB
OPERATION

REGISTER
ADDRESS SET

t SET/CLEAR
FLAG

Dl\TA IDAD
FroM APB

READ ADDRESS
VALID

'ID
BUFFER MEl'DRY.. ..
INPur DATABUS

HANDLING

i
Dl\TA I REG.
STroBE EDB

SELECI' OPER.
I REGISTERS·i

STroBE OPERAND
REGISTERS MULTIPLIERS

APM

OPERATION

ALU
FUNCTION-CDDES

VALID

t
!:Cl:llMl.ILA'IDRS.

STffiBE

1/0-= 1:=_
READ-ADDR. ADDR.
~ 'ID

RESULTI RESULT
MEM:lRY MEM:lRY

...
G'\

Figure 18 . CORRELATOR TIME DIAGRAM FOR ONE PROGRAM CYCLE .
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SYSTEM
CLOCK

l
•

2 , 3 ..
r--- ,
I I
I I

PC=Q- - -
].J- INSTR.
STroBE

.. APM ao
OPERATION

READ AroR.
VALID '10
RES. MEr-ORY.. - --- -- - -

OtJl'PUl'-TRANSFER
OODE VALID.. -- - - - -

~ DATA RFADY

INHIBIT SYSTEM-c::r.ro<..
ProGRAM IS RESTARI'ED
ON HIGI-'IO-IJ:M
TRANSITION OF Dl'\TA
RECEIVED

Figure 19 . TIME DIAGRAM FOR OUTPUT TRANSFER (T1 , T2 = l) .
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V . EXAHPLES OF P ROGRM1rUNG .
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Uate: 13/12 -77

Proq-a m narna : l.~mil:. ~-Prtor IL.l

Pro g ram version : I

File-name (NORD -tO):

Funct ion al d es criptlo n :

lJi~J.'ACiJAi\I!H·..L l : Zi:.RO- LAG LS'IIilA'l' ION 1\ =

UJ.'J."ACHi\~ Nl:.L 2 : Ht.AN- VALU1:. ES'l'HtA'i 'lOH III =

iiIl~HIUH l'I U rtB~R OF SAnPLI:;S n~ RANGEDl\T A :

St nr t - ndd reas to : program: Ola

Prcqram -m amory locafions us e d : 0 1 8 - 05 a

Parameters store d :

i~ -l

L
i=O
N-l

L
i =Q

2

Regist er name Register address Paramet er

SAR 00100 - S't'AR'l' ADDRESS iJROGR.

i.cni 10 01 0 NO . OF SAH P LI:;S - 2- IN HANGi::GA'l'l:.

LCR2 10011 NO . OF Ri\NGEGA'.1'l·':S - 1- IN RADAR-SeAN

MB RS : 12 10000 1100 S'l'AH'l'-J\i){)R - I) Bl.JEl:or:Rj
AtlB RS : Il 1 0000 1011 SI\!'l?lli INCRFlIENI" "

,\ Pb RS ,lO 10000 1010 RlIlax;,W E nCR. Oj "

APB RS '9 10000 1001 USiD FORTENroRARY sroRAC

A!'U RS:12 1000 1 1100 SI'ARI'-ADDR - }; RiS Hi:M
l

AtlH. RS , l1 1 000 1 1011 IN:::rti1.1l:NI' K " "l
Ai'ft RS ,lO 1 000 1 1010 USiD FOR 'iU1roRIIRY S'lORAl~

Fl i\~ op era tion : l,,(f!' USill



MICRO- PROGRAM FOR DIGITAL CORRE LAT OR
. PROGRAM- MEM ORY MODULE O. 1 AND 2
, ------- .,-_.--------

PROGRAM NAME: POWER-PROFI LE
PROGRAM VERSION: I

'"o

!'>I<C RA~Ho\ODULE O (.>.DDR. 1000) • I
I
I

l- RAM-MODULE 2 (ADDR . 1010) " I_ RA M-MODULE 1 (M OR. 1001)

, '. '
~z

ID

«o JUMP-ADDRESS lOOP- COUNTERS FlAG 9; 1~ICRO - PROGRAM SEQUENCER APB

",;: I- _ >

"'< <{ l- m~ ~10DE- N - INSTR. CODE INSTR. CODE AlU AlU ALU
ou o: LC3 LC2 LC1 Uj

M B-ADDR . A-A DOR.
"'o UJ --ii CONTROl ~

u u B A DESTIN. fUNCT iO:i ~u;<c::

ll.-' :J Vl
Il: if'

..J ..J

' .

o o o o o o o o o o o o o o o o o o l o o o o o o o o o o l o o o o o o o o o o o o l l o l l l l
, l-

l o o o o o o o o o l l o l o o o o l o o o 0 , 0 o o o o l o o o l o o l 111 o o o l l o o o l o,o

2 o o o l o o o o o o o o o l o o o l l l o all o l l o l o o o l o o 1 11 o l o o l l o o o o o l

10 ,1
I

3 o o o o o o o o 0 '0 o .0 o l o o o l l o o o o o l o l l o o l l o l l o l l o 0;0 o o l

4 o o o o o o o o o o l 011 o o o o l l l o l o o o o o o l o l l o o l l o l l o l l o o o o o l
I

5 o o o o o o o 0 10 o o o o o o o o l o o o o o o o o o o l l o o o o 0 ,0 o o o o o l l o l l l l

1- -

I
I

I . I I

I I i



I MICRO- PROGRAM FOR DIGITAL CORRELAW~l
I PROGRAM-MEM~RY ~~UL~ 3, ' AND_5 J

PROGRAM NAME: I'I::JdER-PFOFD...E
PROGRAM VERSION: I

U1.....

I RAM-MODULE 5 (ADDR. non I RAM-MOOULE 4 (AD DR. 1100) I RAM-MDDULE 3 (ADDR. lOIl) - ,.. • • a: ... lP"1

, ' ''MULL 2 , MULTIPLIER 1 • MULL OPERAND- REG : • MULTIPLlE R 4 • MULTlPLI ER 3 , M. 2 : • v , • REClc"'. OF

:.-: ~ sELECr sEL ECT STROBE INPUT- BUS SELECT SELECT Select ACCUMULAiOR5
OJ REGISTERS

...( .- 51 .
u: ,- U ~ a. .8 - c.. ~"' .. M4 M3 1'12 MI '" ." FFI FF2
oU Q.l o ll:l CD g o

~ :il l.i:' '"-:' d,- -
~ o

~<>:0 A B A B A B A B A B A ~ .;:. o -c B A B A B ji o o ADDREss-CODE
0.--'

tf) l/) w w z o:: ccIII JI '" &i J! .=. z

O O O O O O O O O O O O O O O O O O O O O O O O O O O '0 O O O O O O O O O O O O O O O O O O O O O
1-.

Olo OI O
l O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O l O O l O O O O O O O

2 O O l O O O O O l l l l l l l l O O O O O l l O O O O l O O O l O l O l O O O O O O 01 0 O 010 j O

3 O O l O O O O O l l l .1 l l l l O -~ O O
~I l

l O O O O l O O O l O 1 ,0 O O O O O ~ O O O~~~- O
- .- -- - - -- -

~r~
- - .- _ .- - - -

4 O O l O O O O O l l l l l l l l O O O O 0 ,1 l O O O O l O O O l O O O O O O O O O O O 010 O

5 O O O O O O O O O O O O O O O O O O O O O O O 0:0 O O O O O O O O l O O O O O l O O O O O O O O,

I I
I

I

- I -

I

I
I I

I

I I
- - .- --

ITi,
!

I I-1__, , I I i !

-

T
--

II j I I
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MICRO - PROGRA~1 FOR :JIG: TA L CORRE LATOR

L-..!.~~_GR AM-M_~~~~~Y ._~D~LES 6 AND 7 I

PROGRA I~ NAME : 1?O'v~-ProFILI::

PROGRA,'! VERS:ON: I

V1
IV

~...~ ~ ~~ ~~ULE 7 ( AaD~ . nu)
•,,

;I: z APM ALU OPERATIONS OUTPUT TRANSFER ADM
-.;00:>=
C)« M1, M2 :J. 3 , Mi, :::; o
oU ALU ALU ALU Il: SELECT B-/,DDRESS A- ADDRESS =>
<>:0 DEST. r-UNCTlON SOURCE 1 2 3 ~ ! 2 3 ~ ci CODE z ~
Cl. ...J

"

O O l l O l l l l l O O l l O O l O O O O O O O O O O O O O O O O

l l l O O O l O O l O O l l O O l O O O O O O O l O l O l l O O O

2 l l O O O O O l l O O l l 0 ,0 l O O O O iO O O l O l O 1 , 0 l l O

I
0 10 O 01 0 lo3 O 11l G l l l l l O O l l O O l O O O O lo lo O O O O

4 O l O O O O l l l O O l l O O l O 01 0 O io lo O l O l O 010 O O O
I

010 0105 O l l 0 ' 1 l l l l O O l l O O l O O O O O O O O O O O O

I I I I

I
I

I I ! II , I ,
,

II I
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MICRO- PROGRAM FOR DIG ITAL CORREl ATOR

Äut hor: HANS-J0PJ::;E211 AI..KbR

Date : 16/9-77

Program name : AIJI'CCORREI.ATION

Program ver sion : I

Fi le-name ( NORD- tO) :

00 . OF LAG-PAAAHE:!'ERS (CDMPLE:X) .l:WAL '1'0 loD. OF SN1PLES IN

RANGEGA'i'i:.

Functional description :

DA'I'A- CHANNEL 1:

DA'fA-CHANNEL 2 :

N-l -e
1:

i=Q
N-l-e

ImO<} = 1:e i=O

Start- address fo- program : 068

Program-memory loc at ions used : 06
8

- 13
8

Parameters stored :

Register name Register address Parameter

SAR 00100 - STARr ADDRFSS PFO:iR.

U:Rl 10010 00 . OF SAMPLES - l ID- RANGEGATE

LCR2 10011 . 00. OF RMGEGATES - i ID-
RADAR SCA1-J

APB RS:1S 10000 1111 srARl"-AWR - Dl BUFF'>.R

APB RS :14 10000 1110 SA>iPLE meR. "
APB RS :13 10000 1101 RANe;EX;A'l'E n~ D "l
APa RS :9 10000 1001 llSED FOR TEMFORARY Sl'ORA lE
APM RSdS 10001 1111 srARI'-ADDR - Kl RES ,lEM

APl1 RS : 14 10001 1110 lliCREMENl' K " "l
APM RS :lO 10001 1010 USlD FOR TEMFORARY SlORA

Flag operation:



M ICRO - PROGRAM FOR DIGI TAL CORRELATOR
PROGRAM- MEMORY MODULE O, I AND 2

PROGRAM NAME : AU1'CCORl~l'IOi"

r ROGRAM VERSION: I

lJ1...

J-4 RAM-MO DULE 2 ( ADCR. IOIO) "I" RAM- MODULE I (ADDR. 10011 .. I~ RAM-M ODULE O ( ADDR. 10eo) ~ I
, l ', .

, CC
-v :;:
' 0 JUMP-ADDRESS LOOP- COUNTERS FLAG ':i MICRO- PROGRAM SEOUENCER APB ->
-t _ , " ..
G~

I-
"! t;j ::x ~ MODE- ..., IN - INSTR. CODE INSTR. CODE AL U ALU ALU

ou ii: LC3 LC2 LCI CONTROL ::l ~ ::l B A
B-ADDR. A-ADDR.

DESTI N. FUNCT :O~ SOURCE
"'o =! '" ~ ~(l. -'

O O O O O O O O O O O O O O O O O O l O O O O O O O O 9 O l O O O O O O O O O O O O l l O 1 , 1 l l

6 O O O O O O O O O l l O l O O O O l O O O O O O O O O l O O O l O O l l l l l O l l O O O l O O
-

7 O O O O O O O O O O O l O O O O O l l l O O l O l O l l O O O l O O l 1 11 O l O l l O O O O O l

8 O O l O l O l O O O O l l l O O O l l l O O l O l l O l O O O l O O l l l l O O O O O O O O O l

9 O O O O O O O O O O O l l l O O O l l l O O l O O O O O l O l O O O O l l l O O O O O O O O O O

10 O O O l l l O O O O O l O O O O O O O O O l l O l O l O O l O l O O l l l l O O l l O O O O O l
-

11 O O O O O O O O O O O O O O O O O O l O O O O O O O O O l l O O O O O O O O O O O l l O l l l l

;

, I,
I ! r

--

i i i II I



I MICRO- PROGRAM ~OR D ;~ITAL CORRELATCR

L.._ PROGRAM- I>l::M::.lRY MODULE 3, t. AN D 5

PROGRAM NAM~: AUrC(;ORRUA'frON
PROGRAM VERSION : r

UJ
lon

I RAM- MODULE 5 ( AOOR.ll01) I RAM-MOC'ULE 4 (MOR. 11 00) I RAM-MOOULE 3 ( ADOR. 1011 ) I. .. . .. ..
, ' '' MULT. 2 , MULTI? U ER 1 • MULT. OPERANO-REG. : , MULTIPLl ER c • t~ULTI PLlER :' , M. 2 : , "il, , RE OEF. OF

I L Z SELECT SELECT STROBE INPUT- BUS SELECT SELEC T Select ACCUMULATORS ! REG I ST~ RS

...9
C>: >-

, .' -

"' ...
MI. 1013 Ml MI u 1.: c,

Ji '" ." FF 1 FF2 ~ a, ..
au ~ o tf': ro o

o "" 2 ~- - r- e, ?

"' o A B A B A B A B A B A G: .::O"1; B A B A B O
~ ~

d,~ Q'; o ':-, ;,DDR~SS - coo!:: 2
"- -' lfl Vl UJ UJ Z '" "':x J; Cl:. iJl u: .= I.J

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O

I I

6 O O O O O O O O O O O O O O O O O O O O

~:
O O O O O O O O O O O l O O l O O O O O O O! O O 010

7 010 l O O O O O l l l l l l l l O O O O O O O O O O O l O l O l l l l O O O O O OIO O' OloO,

8 O O l O O O O O l O l O l O l O O O O O O l O O O O O O O l O l O l l l O O O O O O O O O O O O

I

9 O O l O O O O O l O l O l O l O O O O O O l O O O O O O O l O l O l 1 11 O O O O O O O O O O O O
,

10 O O l O O O O O l l l l l l l l O O O O O l O O O O O O O l O l O l l l O l O O O O O O O O O O

11 O O O O O O O O O O O O O O O O O O O O O O O O O O O O O l O O O l O O O O O l O O O O O O O O

I
i

I , I,



MICRO-rrlOGRAM ..OR DIGITA L CORREL,',T,;l
PROGRAM - MF.MORY Me nU I r.s G ANn 7 I

PRCGRAM NAME: AurccoRREIA'"l' I Or-.
PROGRAM VERSION : I

I RAM-MODULE 7 (A DDR. 111 1l I RAM- MODUL!: 6 " "DDR. 1110) I... .. .. .
I :;: z APM ALU OPERATIONS I OUTPUT TRANSFE R ADM

<'2
0::>-
~< MI, M2 MJ , M4 ;j E- ADDRESS

c
oU ALU ALU ALU n: SELECi A-AD~RESS ::>
0:: 0 DEST. FUNCTION SOURCE l 2 J 4 1 2 J 4 d CODE z -'
Q.-' <

O O l l O l l l l l O O l O l l O O O O. O O O O O O O O O O O O O
._.

I

6 l l O O O l O O l O O l O l l O O O O O O O O l O l O l l l l O

7 l l O O O O O l l O O l O l l O O o O O o o o l O l O l l l O O
- - .- - .- - - -

8 O O O O O O O l l o O l O l l O O o O G O O O l O l O l l l O O
. -

9 O O O O O O O O l O O l O l l O O O O O O O O O O O O l l l O O

10 l l O O O O O l l O O l O l l O O O O O O O O l O l O l l l O O

11 O l l O l l l l l O O l O l l O O O O O O O O O O O O O O O O O

..~~ I ,

U1

'"
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n i\ ;": : 16/9-77

r•. • .: ' ~'::J~'.' .. ~;" . '. '
.~_ .. -

Prog ram n nme : Aurcx::oRREIATION

Progra m vers ion : II

Fun cti on ul d es crfp l lon :

File- name ( NORD- l O) :

Slu·li:. .\ 5 VERSI01' I , BlJl' 1'l). 0 7 h ....GS CAN BE Li:SS Tl-U',N ID . Di" S,:~U-'LES

IH R/\l'lt.LCA'.CE

!itart-adures s for program : 148
Pro q rn m - m em o r y locat ions usad : 148 - 213

Parameters stored :

Reg ist er name Register ndd re ss Paramet er .-
SAR 00100 - STARr-AOORESS P~.

icai 10010 - CD . OF SAI·lPUS- l IN
MiOX;A,"-

icsz 100U - <:l. OF ==>:5- 1 IN
SCAN

ll:R3 10100 - <:l. OF LAG-llAR . - l IN
~ '.l'1:.

M'B ilS: 15 10000 11U >TARl'-ADDR-D BUI'FER
l

Ai~B RS d4 10000 Ul0 fiNn'LE ThCR. "
Al'S RB:13 10000 U Ol TIO INCR. Dl "
I\PB RS ,9 10000 1001 Wr..;."1FORARY SWRAGi::

AP!>: RS: lS 10001 UU ~'=-ADDR-Kl RES MEN

AlN RS , 14 10001 n l 0 IrNcRl' ''''ilfl' Kl " "
1\11'1 RS: 10 10001 1010 'l11PORARY S'fOPAGE

FlniJ op eratlou : i'Ol' USl:D



M ICRO- PROGRA M FOR DIGITA L CORRE LATOR
?ROGRAM - MEMORY MODUL E O. l AND 2

PROGRAM NAME : AlJl'OCORREIATIOI'<
PROGRAM VERSiON: II

U1
OJ

.-j,.
RAM-MODULE O (AiJ OR icco ), RAM-MO iJUl E 2 ( I.DDR. 1010) I RA M ·t~OOUlE 1 ( ADiJR. 1001) ,

I " • .. .. ,tG
I I

I, eo
4 Z

JUMP-AODRESS LOOP- COUNTERS Fl AG
c,

r~IC RO -PROGRAM SEQUENCER APB
"'0 '"cc ....

'"
>- -"' ... >- tJ{ II: MODE- N - INSTR. CODE IN5TR (ODE AlU AlU Ai.. U

ou Ci LC3 lC2 lC l '"
M B- ADOR A- ADOR.

"'O '" J: CON TROl ::l u <..' 8 I. DESTIN rl.;NCT1SN SOL:~CE

Q.-' ~
<11 a- -' --'

O O O O O O O O O O O O O O O O O O l O O O O O O O O O O l O O O O O O O O O O O O l l O l l l l

I

I I,

12 O O O O O O O l 0 11 l O l O O O O l O O O O O O O O O l O O O l O O l l l l l O l l O O O l O O

13 O. O O O O O O O l O O l O O O O O l l 1 1 0 1 0 1 O l l , ! O O ~J 0 111 11 0 l O l l O O lo O O l
1 -r:- ----- !- ~l . I 1 I

O O Olo14 O l O O O O l l l O O l O l O O O l l 1 1 10 1 10 il1 01 1 01 1 O 1 '0 O 1 1 l l O O O O O O l
j-- I I

15 O O O O O O O l l O O l 0/2 O O O l l l l iO l O I O (J O O I l O l O O 0 0 1 1 1 0 O O O O O O O O O

16 O O 1 l O l O l l O O l O O O O O O O O O l l O l O l O O l O l 0
1

(I l l l l O O l l O O O O O l

--j'

17 O O O O O O O O O O O O O O O O O O l O O O O O O O O O l l O O OIO O O O O O O O l l O l l l l
-

I I

I I II
- 1- - -

II I

!'W.l 3 , 4, 5 , (; M D 7 AHE l:Ql..IAL '10 ProGRAM VERSION I EXC!:Yl' FOR PRJGRA1'I LOCATION
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MICRO- PROGRAM FOR DIGITAL CORRElATOR

Author : HANS-J0RGl=:N P.LI<ER

Dale: 21/9-77

Prog ram name: A1.Jl'CXDRRELA.TION'

Program version: III

Functional description :

file-n ame (NORD-10) :

fUR MlJLTIPLB-PULSE TRANSNISSI01~S.

l1AX. 00 . OF EL..E2-tENI'-PULSES IN PlllEE-GIDUP: 12

tJtart-address for program: 228

Program-memory locations used r 228 - 278

Parameters stored :

Register name Register address Parameter

SAR 00100 - STARr-ADDRESS PRXlR.

LCRl 10010 - ~. OF iJA'lI'Ll::S (PULSES)'l
IN=TE

LCR2 10011 - ~. OF =TES-l
IN RADAR SCAN

APb RS, 15 10000 1111 b"TARI'-ADDR-Dl BUFFLR

APB RS,14 10000 1110 SAMPLE I1'<CR . ..
APB RS,13 10000 1101 !WJGEGI\TE nOl. Dl ..
APB RS, 12 10000 1100 AARY S'IDRAGE. . · .. . · .

· SAMPLE DIST. 2. IASI' -APB RS,l 10000 0001 3 . IJ>Sr PUlSE
A!'l1 RS, O 10000 0000 SAMPLE DISI'ANCE BEIWEEN

IJ>Sr AND 2 . IJ>Sr PULSE
Anl RS , 15 10001 llU STARr ADDR-K

l RES MEM

!\PM RS,14 10001 1110 INCRl:MENI' Kl
.. ..

!\PM RS,lO 10001 1010 TIlIroAARY S'IDRAGE

Flag op eration : ror USID.



MICRO-PROGRAM FOR DIGITA L CORRELATOR
PROGRAM - MEMOR Y MODULE O, 1 AND 2

PROGRAM NAME : AlJl'(XX)RRI:.LA'l'ION
PROGRAM VERSION: III

:)."z
al

-o JUMP-ADDRESS LOOP- COUNTERS FlAG g. MICRO-PROGRAM SEQUENCER APB

"' -,r. ... .. ... -"' .. ...
~ ~

MODE- INSTR. CODE INSTR, CODE AlU All; Al U
o u ii: lC3 lC2 l C1 w M N - B-ADDR. A-A DDR,
0: 0

~ '" CONTROl :J u U B A DESTIN. FUNCTlON SOURCE
0..-' l'< '"

-' ..J

O O O O O O O O O O O O O O O O O O l O O O O O O O 0 0 O l O O O O O O O O O O O O l l O l l l l
' .

18 O O O O 0 ,0 O O O l l O l O O O O l O O O O O O O O O O l O O l l O O Il l l l O l l O O O l O O

19 O O O O O O O O O O O l O O O O O l l l O O l O l O l l O O O l l O O l l O l O l l O O O O O l
- -

20 O l O l l O l O O O O 1 11 l O O l l l l O O l O l l O l O O O O O O O 1 11 O O O O l O O O O O l
-

21 O O O O O O O O O O O l l l O O l l l l O O l O O O O O l O l O O O O l l O O O O l O O O O O l
~ _ . -

I

22 O l O O l l O O O O O l O O O O l O O O O l l O l O l O O l O O O O O l l O O O O l O O O O O l
-

23 O O O O O O O O O O O O O O O O O l O O O O O O O O O O l l O O O O O 01 0 O O O O l l O l l l l

j-
I I I !i

- .._.-- I , I

I I i I I
RNl 3, 4, 5 , 6 AN\) 7 ARE. I:.QUAL ro Pocx:;R. VJ:.RSION I LXCJ::l1l' FOR PR:XiR. LCCATIOl~

0\
o
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