
...... '"\. ." 

THE SIMAL E - PRINCIPLES OF OPERATION 

HAROLD WEBBER JUNIOR 
OCTOBER 28, lq71 



PROCESSOR 0 
META 4 

KA~~ : ! 1 

r ''''-' I : : • . I 

! > I : <: i! 
I -.------, II 
' I I 

D I 16X 16 !¢:i 
1 I MEMORY; I 
Ai: ! 
'j ~ I 

, IS" 

5 I I 
E ~ I L A REG : 

~ 0 <:(81 1 i 

o 1'1 

~ 
cf)i 
, ., 

{ .") 

PROCESSOR / 
META 4 
v A 

li A 11 
! I iii 
~~ I jl 

i r.. ---.. - ...... ~ II I ; ! I 

DI i/6XI6 :1 
A 1<= ~i 

. T: :MEMORY~! 
! A : . j' II 

5 I a IS- I' I 
E i ' I 

L l<fA REG : 1 Ei Ii -,-,~ 1(1) 
C 1 1 j 10) 

T ~< « 80 ! !~ 
. ,; .'. i 1m 
j • . I I 

'····~l"· 8 REG :. k ~ '"'' '; 

)801 i 
' __ " 0'- __ ,. :.' 

IALU ~ 
I l 
o ,,\ 

lvlOP REG 
MET.t. 4 

V A 

lb ~o; dJ 
c 15 

PROCESSOR 2 
META 4 
v A 

i-i l! k==J
A 11 

I tIl 
I ___ • • I 

I 'r·· .. ··--_·- ! I , f : 
~ i, ;; . 
i 0 '; 16X/6; ,I 

A ~ ; II 
T ;MEMCRY~ 
A ! I Ii 

~ I' 1 
~""_._ .... _ .. _' __ "-;;~ i 

5 
E t----... -.----. 

~ Iq.~·J3~~_ .. _\-:, ~ 
! ~ 

C 1< «B3 III 
T. •• I 

l J B REG ,lJ.. 

lI- ~)5)B'3 I 
I ~~31! 
~.-~ --F 
c:l 

CONTROL 
META 4 

A v 
-----[1 

v ROc I 
14 X64 

o I 

PROCESSCJR 3 
MET.£. 4-

U~ A~ l . " 

r-'--l I 
. " i 
1 ~ _. ___ .:.:::::: 
!. f" 
! ! "'--'--, ' : 

; ! I I : 
D • 1 16 X 16 I~! 

1 1<8 MEMORyH I 
A I ' : 

l ~ Ii!:' j 

S ! I 
E I A---'-'-'"'''''' ! 
E
L I'd. .~ .. ,_.~~~, .- i U) 

! 0 \7 0) ("' i¢:= :J T! _«82 . m 
I I. j ; •• I 

; r c n r-r Tel I 

>t ~ I I' 
rALU~J 
~''''-'-'-''-'--''-'I~ 



SIMAL E - PRINCIPLES OF OPERATION 

The SIMAL E (~uper Integral Microprogrrummed 

Arithmetic Logic !Xplditer) is a very high speed, 

dynamicall microprogr~ed, parallel processing arith­

metic unit. It was designed primarily to expide matrix 

operations in a graphics display processing system 

based on the META 4 computer. The SIMAL E is, however, 

sufficiently general~to perform other special purpose 

functions either as an integral part of another system, 

or at different times in the same system. This generality 

is attributable to the SIMAL Els high speed writable 

control storage which, when loaded by the supervisory 

computer , defines the functions the machine will perform. 

I - MACHINE ARCHITECTURE: 

The SIMAL E is organized into two identical pairs 

of processors, a Single operand register (MOP), and 

a control unit. Each of the four processors, the MOP 

register, and the control unit has its own META 4 I/O 

register. Within the machine data paths link both 

processors of each pair, and lines to control supervize 

operations and carry tnfdriuitton~B.'fjout'c6ndit:1ons in 

the processors and MOP register. 

A - THE PROCESSORS 

Each processor is an arithmetic unit of moderate 

power containing two work' ,_. registers, an ari thmetic/ 
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logic unit, sixteen words of memory, and various data 

select networks and busies to allow transfers. 

1 - THE ARITHMETIC/LOGIC UNIT (ALU) 

The ALU is the most important component of each 

processor. It is capable of performing anyone of thirty 

two arithmetic/logic functions upon two numbers of twenty 

bi ts each.' 6nl.9 eight of these flifte'B!olls al e usea iR 
\ ~ 

-. the 5I1\~L Hi the function of the ALU 'b&1ftg determined 

by the ALU function register in control. The output of 

the ALU forms the F-buss which can be loaded into the 

registers or the memory. The F-buss also goes directly 

to the META 4 input register. The inputs to the ALU 

come from the B register and the data selector. 

2 - THE B REGISTER 

The B register is an 18 bit shift register which 

can be loaded from the F-buss. 18 bits are used to 

prevent overflow and graphio wraparound. -The Fegistsl'" 

riso has two right suEl spill bits 'QluHl to d&tePmifle e8:F~ 

in-.hem special rounding log1o...1 s enabJ ad., The register 

also has logic to test it for all ones or all zeros. 

The B register can be zeroed in addition to being shifted 

or loaded. The contents of the register goes directly 

to the ALU and tO,the data selector in the other processor 

of the pair. Because of its flexible nature, this register 

is most often used during computation. 
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3 - THE A REGISTER 

The A register is an 18 bit register loaded from 

the F-buss. The contents of the register goes to the 

data selector. This register is usually use~ to hold 

intermediate results during computations. 

~ - THE DATA SEL~CTOR 

The data selector gates one of four sources into 

the ALU. These sources are the META 4 output register 

associated with the processor, the memory,the B register 

of the other paired processor, and the A register. 

Which source is selected is determined by the control 

unit (see SENR). 

5 - THE SCRATCH PAD MEMORY 

The memory has 16,1~bit words selected by the 

address in the ~~DR register in control. The specified 

location may be either written into from the F-buss, 

or may be read out to the data selector. The memory 

may not be used as both a source and destination of an 

operation (at long; cycle lengths) due to its non­

latching nature. This restriction does not apply to the 

two registers. 

B - THE MOP REGISTER 

The MOP register is a shift register capable of 
D~-rh. D\J-S 

being loaded from the M!!!'f1t Ii output l'egister Bssoci atea 

w1ta ~ This register can be shifted either right or 

left and can have as input the condition code specified 
;t"~Ta.-0c... \~()N 

in an o~era~ieB (see op8patleftB 0111, aed160e). The 

( , ,..... '.- .~ , . ~,>.:, '-:. : . 
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Q.,A tv f?>€ 
rightmost and leftmost bits ~ tested, while the 

contents of the entire register goes to the META 4. 
The MO'f register is typically used to hold a multdlplier 

<::..AN 
during a matrix row multiply instructdon, but could be 

used to return conditions to the META 4 after execution. 

C - THE CONTROL UNIT 

The control unit has the task of fetching micro 

operations from control storage and executing them; 

effecting changes in the processors and MOP register, 

and thus emulating an instruction. The control unit 

"pipelines" micro-operations 1n the sense that during 

anyone cycle it is at once fetching an operation 

from control storage, decoding a second, and executing 

a third. This allows the SIMALE to attain great speed 

without need for tricky timing-dependent circuits 

in its design. Each stage of the process is buffered 

from the next by a register so that the machine can 

be run at a speed very much slower for debugging 

purposes. 

1 - CONTROL STORAGE 
\~ )S 

Control storage is a ~ word by ~ bit high 

speed writable memory. A word is addressed by the 

low order ~ bi ts of the Control storage buffer 
C.SIt (2... 

register. These six bits ar~ refered to as the -GADA 
c..o.,u\lU)~ -o(i)~e A()O~'b:t7 (l.c6-~~ 

p(coRtrol address register). Control storage can only 

be written into by the~TA 4 so to the SIVAL E control 
I\{lPEl\eh '\0 Ibe Ttt6U'F{){L~1 

s torage ~ read only andl\ cannot be used for storage 

of operands. 
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2 - CONTROL STORAGE BUFFER REGISTER (CSBR) 

This lL~ bit register conies the output of con­

trol storage. The low order six b3ts are used as 

the control address register and con be loaded from 

several sources as well ~s control storage. The 

output of the high order 8 bits is input to the 

decode networks and the output of control address 

register goes to the low order six bits of the 

execute (XEQ) register. 

3 - DECODE NETWORKS 

This is a network of gates whose function is 

to decode the operations and conditions codes. The 

result of the operations code decoder is to select 

bits of the XEQ register corresponding to those con­

trol lines that are to be raised if the operation 

1s to be executed. The condition code decoder selects 

which condition is to be tested and enables the XEQ 

register if it 1s true. If the condition is false, 

the XEQ register does not accept the input from the 

operations code decoder and, in effect, the operation 

is not executed. 

4 - EXECUTE REGISTER (XEQR) 

This 1s a register in which each bit controls 

the state of a separate control line to the many 

registers and networks wi thin the machine. The low 

order six bits are a coPy of the control address 

register one cycle before. The output of these six 
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bits goes to the I-buss which can be conied 1nto 

sevAral reg:lsters when an operation has a field 

of immediate data. 

5 - MEMORY ADDRESS REGISTER (MADR) 

This is a four bit register loaded from bits 

6-q of the META 4 output register associated with 

control. This register is loaded either at the 

start of execution or when a LDMADR oneration is 

executed. This register selects the location used 

in the scratch pad memories of each processor. 

6 - SOURCE, ENABLE REGISTER (SENft) 

This is a six bit re~ister loaded from the I­

buss. The four enable bits select which processors 

are enabled and thus allowed to change. The two 

source bits are OR'ed with bits 4 and 5 of the META 4 
output register and the result determines what input 

to the ALU's the data selectors select. 

7 - ALU FUNCTION REGISTER U\L...LJP-') 

This six bit register is loaded from the I-buss 

and determines the functions performed by the four 

ALU's. The first three bits determ1ne the function, 

the next determines the carry in to each ALU, the 

next enables the rounding logic, and the last bit 

inverts the first four bits as they anply to the 

odd numbered processors. When set the last bit 

allows addition in the even processors and subtrac-

tion in the odd processors. When not set, all ALUIs 

perform the same function. 
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The functions performed are: 

000 F = S 
001 F = B 
010 F ;;: B minus S minus 1 
011 F == If+- S (OR) 
100 F ;:: B& ~ (AND) 
101 F :: B plus S 
110 F::: tr 
III F: ~ 

8 - COUNT REGISTER 

This is a four bit counter loaded from the I-buss. 

This down counter is tested for zero every time the 

zero count condition is specified in an operation, and 

it is then decremented. 

9 - NEXT ADDRESS REGISTER 

This six bit register adds one to what is on the 

I-buss and loads the result every cycle. As a result 

this register always contains the address of the next 

sequential operation after the operation currently in 

th~ XEQ register. When an operation with immediate data 

is executed, this register is copied into the CADR on 

the next cycle and the XEQ is disabled until the correct 

next operation reaches the XEQR. This is why some 

operations take three cycles. 



INSTRUCTIONS EXECUTED BY SIMAL E 

LOAD MADR AND CADR 

[6' MAJ)~_J 10 -- CA_D_R~ ___ 15.J.-

This instruction loads the memory address register and 

the control address register. The contents of control 

storage address specified by CAUR is then loaded into 

the CSBR. 

LOAD AND INCREMENT 

This instruction loads the mi~o operation in bits 

2-15 into the control storage addressed by the CADR, 

then increments the CADR. 

BEGIN EXECUTION 

r 1:~f~10~~~16-'~~- ~_~'~R 15 

This instruction loads the MADR and CADR registers 

then begins execution of the micro operation at the 

location specified in the CADR. The three flag bits 

are tested by the micro program. See SENR register 

for explanation of source bits. 



MICRO OPERATIONS EXECUTED BY 
srMAt E 

STOP CC,ADDRESS 

I 0 0 0 0 

13 
ADDRESS 

o 3 4 8 
1 

STOP EXECUTION: stops execution of micro-operations 
on specified conditon true; else, branches to ADDRESS. 
Stopping execution causes termination of META 4 Input­
Ready and output-Resume signals; unlocking the input/ 
output registers. 

LDB. CC,ADDRESS 

I 0 0 0 1 ICOND. CODE I ADDRESS 

o 3 4 7 8 

LOAD B REGISTERS: Loads all B registers from their 
respective F-bUsses on specified condition true, 

. then branche s to ADDRESS •. 

SRB Co ,ADDRESS 

[ 0 0 1 0 [CONDe CODE r ADDRESS 
I. 

o 3 4 7 8 13 

SHIFT RIGHT B REGISTERS: Shifts right a1gebraeically 
all B registers on specified condition true, then 
branches to ADDRESS. . 



SLa CC,ADDRESS 

1 001 1 

o 
ADDRESS :1 3 3 7 e 

SHIFT LEFT B REGISTERS:Shifts left logically all B 
registers"on specified condition true, then branches 
to ADDRESS. . 

LD&S'l':a CC,ADDRESS 

1 0 1 0 0 ::: [COND. CODE 1 IDDRESS 13
1 o 3 ~ 7 8 

LOAD AND SET B REGlITERS:Loads even B registers from 
their respective F-busses and sets odd B registers' 
spill bits 0 on specified condition true. Setting spill 
bits 0 allows a one to be shifted into the odd B regis­
ters during divison. The specified condition assumes 
two values; one affects operation on B pairs (0,1), and 
one affects operation on B pairs (2,3). If the spec­
ified condition must apply to all B registers, then 
the two values are the same. A branch to ADDRESS is made. 

LDA CC,ADDRESS 

I 
13 

1~0:-O_1_O_1_3=",,11o,-~_~D' C~~\ 18 ADDRESS 

LOAD A REGISTERS:Loads all A registers from their 
respective F_busses on specified condition true, then 
branches ,to ADDRESS. 



WRMFM CC,ADDRESS 

I 0 1 1 0 I COND: CODE I" " d"~DDRESS 
03478 

WRITE INTO MEMORY:Writes into scratch pad memories what 
is on their respective F-busses, then branches to ADDRESS. 
The address written into is in the Memory Address Register. 

SRMOP I 0G'~ADDRESS 

[ 0 1 '1 1 

o 
I 

3 4 7 13 

SHIFT RIGHT MOP REGISTER:Shifts right MOP register 
with specified condition value as input from left, 
then branches to ADDRES8~ 

SL)fOP CJ(; :jADDRESS 

ICOND. CODE I ADDRESS 

o 3 4 7 8 lJ 

SHIFT LEFT MOP REGISTER:Shifts left MOP register with 
specified condition value as input from right, then 
branches to ADDRESS. 



LDMADR CC,ADDRESS 

o 
ICOND. CODE I 11 I) 0 1 ADDRESS 

3 4 7 8 

LOAD MEMORY ADDRESS REGISTER:Loads memory address reg­
ister from META 4 output register bits (6-9) on 
specified condition true, then branches to ADDRESS. 

LDMOP CC,ADDRESS 

11 0 1 0 ICOND. CODE ADDRESS I 
o 3 4 1 8 13 

LOAD MOP REGISTER:Loads MOP register from META 4 output 
register bits (0-15) on specified condition true, then 
branches to ADDRESS. 

RSTB CO ,ADDRESS 

ICOND. CODE [ ADDRESS 11 0 1'1 

o 3 4 1 8 13 

RESET B REGISTERS:Resets B registers on specified cond­
ition true, then branches to ADDRESS. 



BR CC,ADDRESS 

~;;;:-;~~ I --ADD~~;~ 
o 3 4 1 8 13 

BRANCH:Branches to ADDRESS on specified condition 
~; 'else, waits'two cycles and continues execution 
"61.li6xt sequential operation. 

LDALUR CC,FO",O,R,I 

LOAD ALU FUNCTION REGISTER:Loads ALU function reg­
ister from immediate fields on specified condition 
true, then waits two cycles and continues execution 
of next sequential 9peration. See documentation on 
this register for further explanation. 

LDSENR CC,SC,EN 

LOAD SOURCE AND ENABLE REGISTER:Loads source and enable 
register from immediate field on specified condition 
true, then wait~two cycles and continue~execution of 

next sequential operation. See documentation on this 
register for further explanation. 



LDCTR CC,COUNT 

I COND • CODE I COUNT 

o 3 4 7 8 13 
LOA~ COUNT REGISTER:Loads count register on specified 
con ition true, then waits two cycles and continues 
0xecution Qf next sequential operation. See docu­
mentation on this reg1ster for further explanation. 



CODE 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

MNEMONIC 

NOP 

UNCOP 

DSIGN 

GOES 

LSIG 

ZB 

REJ 

TREJ 

MOP 0 

MOP 15 
CT 

FLAG 1 

FLAG2 

FLAG3 

CONDITION CODES 

EXPLANATION 

Always equals zero; no operation. 

Always equals one; unconditional 
operation. 

Two values: Different sign A&B(O) regs. 
Different sign A&B(2) regs. 

Two values: Carry OutG>A sign(O) 
Carry Out@A sign(2) 

Left Significance-in anyone of the 
B registers. 

All B registers equal a or -1. 

Reject line segment-outside window. 

Trivial reject line- inita1ly outsrle 
wIndow. 

Left most bit-in MOP. 

Right most bit in MOP. 

Count equal zero. Count decremented 
on next cycle. 

Bit 1 o-f I Reg. from META 4. 
Bit 2 of I Reg. from META 4. 
Bit 3 of I Reg. f~om AmTA 4. 


