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MODULAR MISSILE BORNE COMPUTERS

R. Ramseyer, R. Arnold, H. Applewhite and R. Berg
Honeywell Systems and Research Center
Minneapolis, Minnesota

The increasing real time signal and data processing loads on-board
BMD interceptors cannot be met with currently available and flyable
processors. The Modular Missile Borne Computer is being developed
to provide a solution to that problem through the use of a

collection of microprocessors in a distributed processing system.

This paper discusses the Modular Missile Borne Computer's architecture
with emphasis on how that architecture evolved from a careful

analysis of both the physical constraints and the processing'require-
ments. The development techniques used are generally applicable

to real-time data processing systems and have resulted in the
achievement of one of our most significant design goals. This

goal is a modular, flexible, extensible system capable of adapting

to evolving BMD problems as well as others where an ultra-high

performance distributed processor is desirable.

The general objective for the MMBC program is the development of

a data processing system which lends itself feadily to system

growth, reconfiguration and changes in application or envirdnment.
Given the constraints and requirements imposed by the BMD threat,
scenarios and environmental considerations, four driving architectural

considerations result:
® The required processing is real time.

® There is a massive quantity of data and it is received

at a rapid rate.

@ A high degree of modularity, flexibility and potential

for growth is desired in MMBC.

e MMBC must be capable of performing in an extremely hostile
operating environment (e.g. shock, vibration, temperature,

and nuclear).
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MODULAR MISSILE-BORNE COMPUTERS

OBJECTIVE: INVESTIGATE ADVANCED PREPROCESSING TECHNOLOGY & THE APPLICATION
OF MODULAR, FLEXIBLE, EXTENDABLE MICROCOMPUTER ARRAYS TO PERFORM
THE REAL TIME DATA PROCESSING NECESSARY ON BOARD A BMD INTERCEPTOR.

10S/0P

i
] 1
N )
: '51, L1 \iMosaic
14SIMD'S 0} | [ SENSOR
N\~
=
4 ARITHMETICALLY B
ENHANCED GP's//
36PS , ~ WARDWIRE
FOCAL PLANE
o . . PROCESSOR
&P
<5 PREPROCESSING
<] & BULK FILTERING

/P/ULSE MATCH

/TRACKING & DISCRIMINATION

GUIDANCE NAVIGATION & CONTROL
BATIONALE: ADVANCES IN INTERCEPTOR & TECHNOLOGY AS WELL AS INCREASING
’ COMPUTATION OF BMD FUNCTIONS ON BOARD IMPOSE REQUIREMENTS ON THE
DATA PROCESSOR THAT CANNOT BE MET BY CONVENTIONAL COMPUTER ARCHI-
TECTURES. MODULAR, FLEXIBLE, AND EXTENDABLE COMPUTER STRUCTURES
ARE REQUIRED TO MEET THE NEEDS OF THE FLUID AND RAPIDLY EVOLVING
BMD SYSTEMS. '

BENEFITS OF MICROPROCESSORS

232

ALLOW MAXIMUM USE OF LSIC HARDWARE
— MINIMIZES SIZE/WEIGHT/POWER/INTERCONNECTS

SPECIAL PURPOSE OPERATION CAN BE ACHIEVED THROUGH MICROPROGRAMMING

SIMULTANEOUS OPERATION OF MANY REAL TIME HARDWARE UNITS DRASTICALLY
REDUCES NEED FOR MULTIPROGRAMMING

— REDUCED SOFTWARE COST

— REDUCED OVERHEAD TIME

ALLOWS MAXIMUM MODULARITY TO BE ACHIEVED WHICH IMPROVES
— FAULT TOLERANCE
— FLEXIBILITY /ALTERABILITY




APPROXIMATE
CAPABILITIES AND REQUIREMENTS

PROCESSOR
PROCESSING SECTION CONFIGURATION REQUIREMENT CAPABILITY
PREPROCESSING AND
BULK FILTERING
DMX TO PULSE 14 SIMD 22 MIPS ~40 MIPS*
MATCH . (1 TO 3 MIPS EA)
PULSE MATCH 4 GP W/SPECIAL 43 MIPS 45 MIPS
ARITHMETIC : _—
(15 MIPS FOR PULSE
MATCH; 1 MIPS
OTHERWISE)
TRACKING AND 3GP 161 KIPS I Mmips
DISCRIMINATION (1 MIPS EACH)
GUIDANCE NAVIGATION | 1GP 185 KIPS 500 KIPS
AND CONTROL (500 KIPS) J
TOTAL CAPACITY 88.5 MIPS

"HIGH THROUGHOUT REQUIRED TO ABSORB OVERHEAD AND SATISFY REAL-TIME RESPONSE REQUIREMENT.
EACH COMPUTER IN MMBC 1S “TUNED"” TO PERFORM WELL IN ITS AREA OF APPLICATION.

E.G., MULTIPLE DATA STREAM PROCESSORS IN BULK FILTERING; PIPELINED, FAST

ARITHMETIC UNIT IN PULSE MATCH.

CHARACTERISTICS OF HARDWARE MODULES

GENERAL PROCESSING ELEMENT (16 BITS)

SIMD PE (3 ALU'S)
VOA PROCESSOR

LOCAL MEMORY (3 PORT RAM)
READ ACCESS TIME
WRITE ACCESS TIME

COMMON BULK MEMORY
READ
WRITE
CYCLE

GLOBAL BUS (3 BUSES)
TRANSFER RATE

CAN HANDLE 40 K TRACKS/SEC/GLOBAL BUS

UTILIZATION

1t MIPS
3 MIPS
15 MIPS/5 MIPS

270 ns
75 ns

375 ns
140 ns
425 ns

1 MWORDS/S
1 MWORDS/S

60%

233




02 = 1/3 404 1NdHONOYUHI

Ob 8 9¢ P 2¢ 06 8 92 ¥ 22 0z 8 9 vI 2t O 8 "9 v ¢ 0

U a—

T

—r T T Y ¥ T — T

T

SHOSSA00Hd 40 HIGNNN SNSHIA
1NdHONOYHL-DNIHVHS A3217vadl

234



F-——————-

SITdWVX3 NOILYINIWINY

0YLNOT
0421

93y ISNI "

‘HIMOd “LM ‘3Z1S A8 QILIWIT SHILNIWNOD 40 'ON o

h [

Y
| t
— aav |
i |
_ =
aav | (23 |
]
— m e —
_
Ky
— Su 00z oA —
AL — viva O/f )
011935
— _n.:u:.:x« " i %muwuwﬁ
W133dS 10
T e
- 8sn3 ¥ Sne _ M 553440
_ 1NN1 1ndNi Jviva
— o 5.: — 100 1041803 |
JUNLYNLS E.sd
_ FED] HIND HaQV 43d AUOH3N
_ m&§$ _ ]

IMEVIIYNYIN 38 1SNW WILSAS @
JYYMAHVH 3S044Nd TVIIIdS SIHIND3Y o

235

SIUNLIUNLS WHLIHO0ITY 01 ATISVI LdVAV 1SN IHYMOYVH o

40 SSV1) V WHO443d 01 GILNININY 38 NVI HILNAWNO0I HIVI @
37915S0d SV 1n44IMO0d SV 38 GTNOHS HILNIWOI HIVI

JUNLINYLS WIT90Hd

=
w
— INOD
= 9Ydn
vy
WoY
. . |n— cmn_ 4]
| |
| |
| |
(991) (@} {a91)
|| N B 1
| R P T S s
|71 -1 1 u
¥ 1 f ) A T i i T {
91XN T9TXN 9TXN 9TXN
Wy Wiy Wy Wyd
113M SWHLIH091Y
13H043HINL
a3717041NOD 38 1SAW
NOILNGIY1SIO WOY4 ONILINSIH GVIHYIAO
: a3yinoay

ALITIGVANILX ‘ALITIGIX31d ‘ALIBYINAON o
H3LNdWOIILTNW SIHINDIY o

~ 3HNLIILIHIYY IHVMAHVH



|
1SN0 [== —
yuom | = vivO| T——— w1
= H3dN8) = | YIDUNVWUOLINOW

39N3Y3104 1INV LNIHIHNI SIAIA0H @
{STIONVHI IHYMLI0S ON SIHIND3H)
NOILIVHLINOJI/NOISNVAXI TN43IVHI SMOTTV @
:3HALINYLS IUVMLI0S NIAIHA YivVa

———-d

&

SIINVHI/SING/SLINVL IHVYMLA0S 40 S1I3443 SLINIT @
SIIVIHILNI QINITIISIO ATLHOIL SI0IAOHd @
HIVOHddY
1S31SV3 3HL NOISA0 FHVYMLI0S QIHNLIAHLIS SNV @
NOILVINIWIdWL
GNY NOIS30 JHVYMLI0S SINITAIISIA ATIVHNLVYN o
:3IYVYMAHVH @31n8iIY1SIO

$1531034

T ASVL

HITVNV/HOLINOW

FHNLIILIHOHY 3HVYMLAO0S

236



awassvl (I -awassv
1504 54
‘XWO ‘XWNO

*'aWISSY
8¢
‘Xma

v
30v4 _ 1Inaow
waw 3 ~Y3LN) }——m 10HINDD ) HOSN3S
22N 4OSNIS HOSN3S 04
$ =F
¥0S532044 +H0SS220u4 : Vi
- "BN3SSY ‘BW3SSY
123138 405539 AVl Wy 35104 Isnd
AY % -oud _ano1d 34 ‘xwa ‘xwa
‘WINISIO NINIVH ‘LISIND IV Advdy : .
3
31n00N
11 HOSN3S
uwm- 1
AHOWIN ONY 1041NOD Y207 “BNASSY "gNISSV
HLIM SININII3 ONISSII0HY. 35104
‘XW0
AHOWIN i
NOWWO) alnaon!
83 +& Hi uosnas
_lrllll||
I i iii I1
HLIYY Hliby Hilwy Hiwy | H — A
481V ‘GWasSY ‘BWISSV "SW3SSY
[ 3yl "BN3SSY as1nd 3SId asInd
0 ” ﬁ ﬂ 3514 XWE ‘XWG ‘X0
1
34 4 34 4 T
d 31n00W
y YosN3S
NO11238Y03
NIVO 0L —

V AILYNYHILTV ‘NOILVHNDIINOD
AVHN1O3LIHOYVY AHVNINIT3IHd

237




wexberqg ¥O0OTd TeUOTIOUNI QWIS °Z°€ 2InbTJ .
< : >
< sna <

™ TONNFOY WY3u1S ¥IVQ 3941000 (SaRS 1 | TN o.,o__ww%aldﬂw.ms N_U.. {7 TW00W TWOWIW T¥Od-1N WG Ty

! ] N - |

| u | .

| | Iy W Wy (

_ “ | 8L X b 81 X b (

I ! !

| gy dg | znw Wow g ¥37708.N0D " | !

| 349 -QuIIMW | |

" 349 " 1 "

" | 1 “ " 1]z e 1|2 ] ¢ |

| !

| I p !

| o T N N S O N N

| L —mmemmmeeee L -

|

| - - Y >

b ! sme ) Y -

“ - Z Sa-1 |

|- £ sng-1

| | .

"~ - - -

i 1 2 £ [ Loy |

| I b i

] [ L i

| b (201) [ Tje | ¢ T fe £ |

0 I Y¥311041NOD LNALNO/LNGNT - 1

l I “ I |

" (10s) b ] “

IINGOW IDVIUILNI L
-——— -—— Wy W

“ V1Y YOSN3S “ “ _ “ 81 ¥ b 81 X Wb “

1 | ! {

" Iy T i i

i I LIND 3OVLYILN] SnG o I

I o (S |

| [ oy ]

| i | |

i L [ 3INCOK AYOWIW LY0d=1170W T¥NQ |

e D S Y QD S D S D S e

]
< >
na

< s 9 g
< sy L
< >~
< gy

238



O-

1no8d

300230
NOILINYLSNI

Bt

43151934 INNIdid

i

Woud

iy

WYHOVIA %0019 349

v

[=\

0167

‘syaay "

062 * +
IMsd )
. A m »
- " . 3 G 2 2
"
snswi J  § * *
g0 _ [}
d 1SND
{dS) (44)
avd 314 < *
HILVHIS 93y 144 iywvn 9
. -
snau” H
108V ANOM ey u344n8 10HINOD
HI134344 HI13434d
vaavil vivan vivaz vaaval

239



¥J2019 FIWIL-TV3IYH ‘IIV4HILNI SNE 10HLNOID
‘437704LNOJIOHIIN ‘NIV :SNOILIIS HOrYW
Q4OM NOILINYLSNIOHIIW 119 96

5,91 111 AML10HIS ANV ANLLOHIS HIMOd MO1 022
("313 'HILVW 3S1Nd HO04 ALITI8VdYI

J4OW “3°1) NOILVINIWONY 40 3719VdVI
INIOd 9NILVOT4 ANV SIAILYWIHD SWILSAS
ONILVH3Id0 HLIM 13S NOILINYLSNI 394V
0/1 G3ddVIN AHOWIW

S3IV4HILNI SNONOHHINASY

39VvdS $S3HAAY QHOM XS9

"0H0 1311vHVvd 119 91

(agv s | ~) IINVINHO4H3Id sam |

SJILSIHILIVHVHI

W31SAS LNOHINOYHL

aisn 31NAOW NdJ ITINIS e

NdJd LN3IN3T3 ONISS3IO0Hd

240



ALTERNATIVE CONFIGURATIONS OF

‘MMBC MODULES
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ALTERNATIVE CONFIGURATIONS OF
MMBC MODULES
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SIMD
PROCESSING
ENSEMBLE

COMMON
BULK
MEM.
(780K)

PMP
ENSEMBLE

DISCRIMINATION | -

TRACKING
AND
GNC

POWER
CONVERSION
SYSTEM

- EXAMPLE OF H'YBBID MMBC SYSTEM

14.5”

SIMD #1

SIMD #6

SIMD #7

SIMD #38

SIMD #9

SIMD #10

\ /

N/

N/

SIMD #11

SIMD #12

SIMD #13

CBM BOOKS 3, 4, 5 (195K WORDS)
CBM BOOKS 6, 7, 8 (195K WORDS)

CBM BOOKS 9, 10, 11 (195K WORDS)

PMPE #1

PMPE #2

PMPE #3
PMPE #4

DISCRIMINATION P.E.

ACQUISITION & CLOUD TRACK P.E.

e - — — — — JARGET TRACKING BE. _ _ _ . _ _
TRACK FILE MEMORY '

GN & C P.E.

1/0 FUNCTIQNS

POWER CONVERTER #1 (1KW DELIVERED POWER)

POWER CONVERTE.R #2 (1KW)

POWER CONVERTER #3 (1KW)

- POWER CONVERTER #4 (1KW)
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