1. Simple 42 Documentation

The following documents are the current state of our efforts

to document the Simple
complete. They describe:

42

The microinstruction ROM

The data path
The minor cycle timing

implementation.

The memory interface control
The microcode assembly language

The microcode

Guy Harriman
David May

TT.D.82

They are not
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1. Cverview

The microinstruction ROM contains the microprogram which
controls the data path. At the beginning of each minor
cycle, the microinstruction address register, HIR, holds the

- address in the ROM of the microinstruction to be executed.

The MIR register is loaded during each minor cycle, unless
the cycle is aborted as a result of an abort signal from the
interface controller.

2. Microinstruction ROM

The microinstruction ROM contains 122 words, each of 6&
bits. The ROM address is taken from the MIR register, and
the addressed word is output as control signals.

3. Microinstruction word format

The 68 output signals from the ROM are divided into several
fields.

some of the fields are used to control a number of
jndependent signals, 1in which case each signal has a
microcode signal name. The other fields are decoded to
select one of a number of operations, in which case every
possible selection has a microcode selector name.

The fields are Listed below; those which are decoded are
indicated.

Microinstruction Purpose Decoded
word field

MicrowordlE13:10,83 X bus source select
Microword[16,14,91 Y bus source select
MicrowordL 48] X and Y bus connection
Microword[28:261 Carry in multiplexor *
MicrowordL60:551] Alu operations *
MicrowordL6:01] Z bus destination select
Microwordl49,44] OPD register control
Microwordi53:251,43:411 Shifting control
Microword[18:171 A/B stack control
Microwordf25:211] A/B setting multiplexor *
Ficrowordl&7:461] C setting from Carryout
Microword[31:291] destination phase disable *
MicrowordL40:381] sign control for DIV
Microword[34:321] condition select for MIRL11 *
Microword[37:351 condition select for MIRLOI *
MicrowordL6é67:611 loads into MIR

Microword[54,50,45,
20219 15,73 Interface Control Requests
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3.1. X bus source select

Microcode
signal neme

XfromA
XfromC
XfromW
XfromPW
Xfroml

The A, C, W, PW and I registers have signals which cause
them to output to the X bus during the source phase.

3.2. Y bus source select

Microcode
signal name

YfromB
YfromCPD
YfromMinusi15

The B and OPD registers have signals which cause them to
output to the Y bus during the source phase. An additional
signal, YfromMinusi15, causes the value -15 to be output to
the Y bus during the source phase, and is used to load the
initial value of a loop counter into the OPD register.

3.3. X and Y bus connection

Microcode Additional

signal name signal names

XmergeY XfromY
YfromX

This signal is used to cause the X and Y busses to behave as
a single bus during the source phase. It is used to allow
the registers which normally output to the X bus to output
to the Y bus, and conversely.
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Bab Canryvin multiplexor

Microcode
selector name

NotCerryfromi

NotCarryfromhotAslavel5
NotCarryfromCslavel

Additional
selector names

NoCarry

Borrow
CarryfromAslavel5
CarryfromNotCslavel

NotCarryfromNotCslaveO CarryfromCslaveO
NotCarryfromQ Carry
NoBorrow

A multiplexor selects one of five single bit sources for the
carry dinput to the alu. The additional names are used
because the carry input to the alu is inverted.

The CarryfromAslavel5 input is used for sign testing in the
MUL, DIV and SEX instructions.

The CarryfromNotCslaveU 1input is used for the SUBC
instruction.

The CarryfromCslave0 input

3.5. Alu operations

Microcode
selector name

ZfromXplusY
ZfromXminusY
ZfromYminusX
ZfromCnes
ZfromNotCarry
ZfromZero
ZfromX
ZfromY
ZfromXxorY
ZfromXxnorY
ZfromXorY
ZfromXandY
ZfromNotX
ZfromNotY
ZfromMinusY
ZfromYminus
ZfromYplus

These selectors are ‘'used

is used for the ADDC instruction.

Cperation

Y # Carry
¥ = Borcow
X = Borrow

R R

—

= Carry

IX < XOO | < X X

>< Y

X 2< )

Y |

N Y
X
%X

(=Y) - Borrow
Y = Borrow
b (7 SR e 4

1 X

select one of the alu

operations, the results of which are output to the Z bus for
use during the destination phase.
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3.6. Z bus destination seteét

Microcode
signal name

Afromi
BfromZ
CfromZ
WfromZ
PWifromZ
Ifromi
CPDfromz

Every data path register has a signal causing it to take
input from the Z bus during the destination phase.

3.7. Operand register controls

Microcode
signal name

CPDNotC
IncOPD

The IncOPD signal causes the OPD register to be dncremented
using . the incrementor. The OPD register 15 input to ‘the
incrementor during the source phase; the result is output to
the OPD register from the incrementor during the destination
phase.

The OPDNot( signal is set together with the Next signal in
the prefix instructions, NFIX and PFIX. The Least
significant four bits of the OPD.register are loaded from
the IB register by the Next signal. If the CPDNotC signal is
set the remainder of the OPD register is Loaded from the Z
bus shifted Lleft four places. If OPDNot0 is not set, the
remainder of the OPD register is cleared.

S8 ShTEE tooptrols

Microcode
signal name

AShiftinOfroml:
cShiftini5fromCarryout
Cshiftin15fromArithLogic
ShiftlLeftCA

ShiftRightC

ShiftRightA

AShiftinOfroml
CShiftin15from0

Both the A and C registers may be shifted one place Left or
right. The A register may be shifted using the A slave
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register, but without use of the X, Y or 1 busses;  the. €
register is shifted through the alu using the X and Z
busses. The ShiftRightA signal causes the A register to be
shifted one place right without use of the X, Y or Z bus,
the most significant bit being Lloaded from the least
significant bit of the Z bus.

The ShiftRightC and ShiftRightA signals can be used together
to perform a double Length shift of the C and A registers.
The ShiftRightC signal loads the C register from the Z bus
shifted one place right.

The ShiftLeftCA signal "is used to perform a double Llength
shift of the ¢ and A registers. It causes the most
significant bit of the A slave register to be output to the
Least significant bit of the X bus. together with the €
register, shifted Left one place. Also, the A register 1is
shifted Left one place without use of the busses.

1f the AShiftinGfroml signal is set when the A register s
shifted Lleft, a 1 bit is loaded into the least significant
bit of the A register. If the AShiftinOfroml signal is not
set (represented by AShiftinOfrom0G), a U bit is Loaded into
the Least significant bit of the A register.

If CShiftin15fromCarryout is set when the C register s
shifted right, the most significant bit of the C register is
loaded from the alu carry ouput. If CShiftin15fromArithLogic
is set when the € register is shifted right, the most
significant bit of the € register 1is Loaded from the
multiply shift condition Llogic. If neither signal is set
(represented by CShiftini5from0), a O bit is Loaded into the
most significant bit of the C register.

In any shift operation, values are output to the X and. Y

busses during the source phase, and input from the Z bus and
A slave register during the destination phase.

3.9. A and B register stack control

Microcode
signal name

AfromB
Bfromh

BfromA causes the A register to be copied to the B register,
by Lloading the B register from A slave register during the
destination phase. AfromB causes the B register to be copied
to the A register, by loading the A register from B slave
register during the destination phase. Neither operation
requires the use of the X, Y or Z busses.
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3.10. A and B register setting controls

Microcode
selector name

AsetfromZeqC
AsetfromGreaterThan

BsetfromZiNoteql
BsetfromOverflow
Bsetfroml
BsetfromQuotSign
BsetfromC

These selectors are used to set the A or B register to one
of the truth values, TRUE (represented by =1) and FALSE
(represented by 0). A multiplexor selects one of seven
single bit sources for the truth value; this bit is loaded
into all of the bits in the register to be set during the
destination phase.

The BsetfromQuotSign selector is used to generate the double
Length overflow flag in UDIV and DIV.

3eidl. £ pegistier setting

Microcode
signal name

CsetfromhotCarryout
CsetfromCarryout

These signals cause the C register to be set to one of the
truth values, TRUE (represented by =13 ang  FALSE
(represented by 0). The CsetfromCarryout signal causes the C
register to be set to TRUE if the alu carry output is set,
FALSE otherwise. The CsetfromNotCarryout signal causes the C
register to be set to FALSE if the alu carry output is set,
TRUE otherwise. The C register is set during the destination
phase.

3.12. Destination phase disable

Microcode
selector name

DisablefromC
DisablefromZlté5é6
DisablefromNotDivdSign
DisablefromNot@QuotSign
DisablefromNotBslavel5
DisablefromhNotCslavel5

In normal operation of the data path, the vresults of alu
operations are input from the Z bus to a selected register.

Inmos Limited ~6— Confidential

i . e . N R B S e e e S I



This input ‘may be conditionally  disabled by 'one of  five
conditions selected by a multiplexor. Results are
conditionally disabled in this way only for MOVE and DIV
"operations.

The following signals are not disabled during the
destination phase, regardless of the selected condition:

Microcode
name

MADDRfromZ
ForceFetch
OPDNotC
Next

The ©DisablefromZlLt256 signal 1is wused to detect port
addresses for the MOVE instruction.

The other signals are used for signing and unsigning in the
PIV instruction.

3205 8504n controls, for DIV

Microcode
signal name

SignbivdfromC15
SignQuotfromZi5
DoingDiv

The DIV dinstruction is performed by converting the divisor
and dividend to positive numbers, performing the UDIV
instruction, and converting the quotient and remainder to
signed numbers.

To execute the DIV instruction, three ‘Latches are Lloaded
before performing UDIV. The sign of the dividend is stored
in the Latch DIVLATCHLO] by the SignDivdfromC15 signal. The
sign of the quotient is stored in the latch DIVLATCHL11 by
the SignQuotfromzi15 signal. The latch DIVLATCHLZ2] is set by
the Doingbiv signal. The Latches are Lloaded during the
destination phase.
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Svlg Condition select for MIRLC13

Microcode
selector name

CondlfromROMFeedback1
Cond1fromAslavel
CondifromCarryout
Cond1fromMulStep1
Cond1fromi
Condl1fromDivStepl
CondlfrombivStep1
CondlifromAslavel

The condition multiplexors are used to allow the next
microinstruction word to be conditionally selected. These
selectors are used to select the source of bit 1 of the HMIR
register.

The CondlfromAslavel and CondlfromAslavel selectors are used
to determine the operation to be performed in an unsigned
multiply step (UMUL step), depending on the least
significant bit of the multipl ier.

The CondifromCarryout selector is used for the DIV, UDIV and
MOVE instructions.

The CondlfromMulStepl selector is wused only for the MUL
instruction. The corresponding condition input is generated
by the multiply step control Logic MULSTEP.

The Condlfroml selector is not needed.
The Cond1frombDivStepl and CondlfromDivStep1l selectors are
used only for the UDIV operation. The <corresponding

condition inputs are generated by the divide step control
logic DIVSTEP.

3.15. Condition select for MIRLGI

Microcode
selector name

CondUfromROMFeedbackC (
CondUfromboingbiv

Cond0fromZeqU

CondCfromMulStepC

CondUfromGPDeqU

The condition multiplexors are used to allow the next
microinstruction word to be conditionally selected. These
selectors are used to select the source of bit 0O of the  MWMIR
register.

The CondUfromboingbiv selector is used &after an unsigned
division (UDIV) operation, to determine if the unsigned
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division was part of a signed division (DIV) operation. The
corresponding condition dnput 1is the output of the lLatch
DIVLATCHL2], which is set by the DoingDiv signal.

The CondOfromZeql selector is used for the JNZ and SYNC
instructions. :

The Condl1fromMulStepO selector is used only for the MUL
instruction. The corresponding condition input is generated
by the multiply step control logic MULSTEP.

The CondOfromOPDeql selector 1is wused for microcode Loop
exits in multiply, divide and shift operations.

3.16. Loads to MIR

Microcode lLabels are used to define the values to be stored
in this field.

The MIR register may be Loaded from these signals, to
provide sequence control.

3.17. Interface control requests

Microcode
signal name

MADDRfromi
DATAINfromZ

Write

Byte

ForceFetch

Next
RunningfromZNoteqC

Read

These signals make requests to the memory interface control.
If the 1interface control is unable to accept a request, it
responds with a cycle abort signal.

A data write request is made using MADDRfromZ to provide the
address, with MWrite set. A data read request is made using
MADDRfromZ to provide the address, with Write not set
(usually represented by Read, which is defined to be 0). The
Byte signal may be set for either read or write requests, to
perform Load and store byte instructions. The XfromDATAIN
signal is used to lLoad the data read from memory onto the X
bus.

On the Last cycle of each instruction, a request "~for the
next dinstruction is made using the next signal. This may
result in.an instruction fetch from memory, in which . case
the MADDR register dis loaded from the incrementor output,
shifted right one plLace. The next signal causes the Least
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significant four bits of the OPD register to be loaded from
the IB register, the MIR register to be Loaded with the
entry address from the pre-decoder, and the 1 register to be
loaded from the incrementor output. :

When the I register is Lloaded, the ForceFetch signal s
used, together with MADDRfromZ to cause an instruction fetch
from memory.

The RunningfromZNoteqU signal is used to set the source of
instructions, depending on an operand of the SWITCH
insEruc tion.

L. MIR register

The MIR register is a seven bit register, allowing up to 128
microinstructions of which 122 are used. T,

The MIR register may be Lloaded from the output of the
pre-decoder, or from a field in the microinstruction. Also,
part of the MIR register may be Loaded from condition inputs
from the data path.

4.1. Input from the pre—decoder

pburing the lLast minor cycle of each instruction, MIR is
loaded from the pre-decoder with the entry address of the
next instruction, s_EntryAddressl6:0]l. The most significant
bit of all entry addresses is (.

4.2. Input from the microinstruction word

During each minor cycle of an instruction except the Last,
the most significant five bits of MIR, MIRL6:2] are loaded
from the field aJn the microinsruction output viord,
s_ROMFeedback[6:2]. The two least significant bits, MIRL1]
and MIRLO] are lLoaded from the condition multiplexors CML13J
and CMLO] respectively. The condition multiplexors, CHL11
and CMLO] may take their inputs from s_ROMFeedback[1] and
s_ROMFeedback[0OJ respectively, allowing the whole of MIR to
be Loaded from s_ROMFeedback[6:01.
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5. Condition multiplexors

There are two condition multiplexors, CM[1] and CMLCO1, which
are used to select the source of the lLeast significant bits
of MIR, MIRL1] and MIRLOJ. Each <condition multiplexor s
controlled by a three bit field in the microinstruction
word, and may therefore select one of eight inputs.

5.1. Condition multiplexor one

Condition multiplexor one, CML1], is controlled by the three
bit field s_Mimux[2:01 in the microinstruction word.

The condition idnputs corresponding to the values of
s _Mimux[2:01 are:

s_Mimux[2:03 Microcode HDL
selector name signal name
O CondlfromROMfeedback s_ROMFeedback[11
1 CondlfromAslavel s_Aslave0
2 CondifromCarryout s_Carryout
3 CondlfromMulstep1 s_MulStep1
b Condl1fromi s_VDD
5 CondifrombivStepO s_DivStepOl
6 CondlfromDivStep1 s DivStep1
7% Condlfromhslavel s_Aslavel

The s Mulstepl input is generated by the multiply step
control logic MULSTEP.

The s_DivStepU and s_DivStep1 inputs are generated by the
divide step control lLogic DIVSTEP.

5.2. Condition multiplexor zero

Condition multiplexor zero, CMLO), 1s -controtled by the
three bit field s_MOmux[2:01 in the microinstruction word.

The condition inputs corresponding to the values of
s_MOmux[2:01 are:

s_MOmux[2:01 Microcode HDL
selector name signal name
0 CondUfromROMFeedbackC s_ROMFeedback[O3]
1 CondUfromboingbliv s_boingbiv
Z CondUfromzZeql s ZeqO
3 CondUfromMulStepO s _MulStepO
& CondCfromOPDeql s_OPDeqC

The s_boingbiv inpuf is the output of the lLatch DIVLATCHLZ21],
which is set by the DoingDiv signal.

The s_MulstepU input is generated by the multiply step
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control, Loatc MULSTEP.

5.5 Multiply step control Legic

After each multiply step, the two least significant bits of
the A slave register are used to determine which of three
possible step operations is to be performed in the next
step. The multiply steps: are terminated when the OPD
register is zero.

Aslavel1] Aslavel(] OPDeql Operation

0 0 o Shift

0 1 0 Add and Shift

1 8] G Subtract and Shift
1 1 0] Shift

X X 1 Terminate

There are therefore four- possible operations, which are
encoded as two condition inputs to the condition
multiplexors as follows:

Operation s_MuLStep1' s_HMulstepC
Terminate O §]
Shift U 1
Add and Shift 1 G
Subtract and Shift 1 1

The microcode uses these condition 1inputs to control the
next step to be performed.

5.4. Divide step control LlLogic

After each divide step, the alu carry output and the most
sigmificant bit of the €  sbave register  are -used  To
determine which of two possible step operations is to be
performed in the next step. The divide steps are terminated
when the OPD register is zero.

The two possible step operations are:

Add and Shift
Subtract and Shift

After the add and shift operation, the next operation is
determined by the s_DivStepG condition Hdnput which is
generated as follows:

s_DivStepU = XOR ( s_Carryout, s_GslaveL151 2
After the subtract and shift operation, the next operation

is determined by the s_DivStepl condition input which is
generated as follows:
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s_DivStepl = XOR ( s_NotCarryout, s Ceslaveb®51 . )

The s_DbivStepC input is needed because the alu borrow output
is the inverted carry output.
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1. Overview

The data path congists of ten single word registers,
connected by three busses. An arithmetic Llogic unit (alu)
takes its sources from two of the busses, and outputs its
results to the third bus. In addition, certain registers are
connected by private paths, and/or have special Llogic
associated with them.

2. Data path

2.1. Registers

The registers fall into two groups; the data path registers
and the memory interface registers.

The data path registers are:

A alu operand register

B alu operand register

C auxiliary alu 6perand register
W workspace pointer

PW previous workspace pointer

1 instruction pointer

CPD instruction operand register

The memory interface registers are:
iB instruction buffer
DATAIN buffer for data read from memory

MADDR buffer for address to memory
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2.2+ Busses

The three busses are:

X the source of the primary operand to the alu
Y the source of the secondary operand to the alu
Vi the result of the alu

o

2.3= Arithmetic logic unit

The arithmetic logic unit takes single word inputs from the
X and Y busses, and outputs a single word result to the Z
bus. &  carepy input and carery output is. prtovided FTor
arithmetic operations. The operation to be performed is
selected by a six bit selector field the microinstruction
word, s_Aluopl[5:01.

The s_Aluop[5] signal enables the aku carey: path, -and. s
always set for arithmetic operations. The s_Aluoplé4] signal
is used to invert the Y input; if s Aluoplé4l 9s not set, the
Y input is inverted. 5

2.3.%9. Logical operations

The alu performs logical operations of the form:
Z = % operation Y
The values which may be output to the Z bus by the alu are:

s_Aluopl5:01 Microcode Value
selector name

Gx0000 ZfromZero U

0ocao1 ZfromXandY X N Y
006010 ) SR S |
0x0011 ZfromX X

000100 TN SN R,
goo101 ZfromXxnorY = AR>S YD)
000110 ZfromNotY ho
c0G111 ) R
001000 S NYEY!
061001 ZfromY Y

001010 ZfromXxorY X 2SuY
061011 ZfromXorY AT AN
0x1100 ZfromNotX X
001101 XN
001110 TN Y,
Ox 1311 ZfromCnes =

2.3.2. Arithmetic operations
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The alu performs arithmetic operations of the form:

2 = operation (X, Y, Careyind
The Carry input is used to provide carry for addition and
borrow for subtraction. The carry “input signal, s_Notcl[OJ is
the inverted carry input, so:

Carryin = NOT s_NotclO]

The values which may be output to the Z bus by the alu are:

s_Aluopl5:01 HMicrocode Purpose Value
selector name y

110101 ZfromXminusY (X=Y) = Borrow (X * "Y) + Carryin
100101 ZfromXplusY (X+Y) + Carry CX b i LC ety s
110110 ZfromMinusY (0=-Y) = Borrow (7Y) + Carryin
100110 ZfromYp lus Y &+ Carry Y + Carryin
101001 ZfromYminus Y = Carrny Y ST Caneyin
101010 ZfromYminusX (Y=%) = Borrow ("X % ¥) + Carryin
1x0000 ZfromNotCarry - Carry @ & SCarprdin

The other possible arithmetic operations are not

particularly useful, and are not used.

2,550 Carey dn. multiplexor

A multiplexor, CARRYINMULTIPLEXOR, controlled by

s Cinmux[2:0] selects one of five single bit sources for the
carey input ‘to the alus

The sources corresponding to the values of CinmuxL2:0] are:

s_Cinmux[C2:0] Microcode HDL

selector name signal name
0 NotCarryfromi s_VDD
1 NotCarryfromNotAslavel5 s NotAslavel5
2 NotCarryfromCslaveO s CslaveO
3 NMotCarryfromNotCslavel s_NotCslavel
4 NotCarryfromO s_GND
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2.4. Incrementor

The incrementor is used to-.add 1 to the I or OPD register.
Tt * takes d9ts  Pnput’ from the I or < O0PP .register;  the
incremented result may be input to the I or OPD registers,
and also to the MADDR register.

2.5. Register to Bus connections

2.5.1. bata path registers

The data path registers fall into two groups; those which
output to the X bus and those which output to the Y bus.

Ry The registers which output to the X bus are:

H UTUE OX>

The registers which output to the Y bus are:

B
OPD

ALl of the data path registers take their input from the
result bus, Z.

2.5.2. Memory interface registers

- The IB register takes its input from the memory interface
and outputs to the microcode memory.

The DATAIN register ‘takes fts ‘nput from the memory
interface and outputs to the X bus.

The MADDR register takes Aits dnput “from ‘the -2 -bus .and
outputs to the memory interface.
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3. Organisation

3.1. A and B register pair

The A and B registers hold the source operands for most
arithmetic and logical operations. The A register may output
its contents to-the - X bus; the B ‘register outputs . its
contents teo the Y bus.

The A register is the destination for most arithmetic and
Logical operations; however both the A and B registers may
take their input from the Z bus. >

The A and B registers have associated slave registers, the A
and B slave registers.

2.1.%. A and B.stack

The slave registers enable the A and B registers to operate
as a stack and two paths are provided which allow the A
slave register to be copied to B, or the B slave register to
& Without use of the X, Y or Z bus.

The A register may be lLoaded from the Z bus whilst the A
stave register is copied to the B register. Similarly, the B
register may be loaded from the Z bus whilst the B slave
register is copied to the A register.

3 daiZ s oA shisttelr

The A register may be shifted one position right or Left,

using the A slave register, without use of the X, Y or Z
bus.

3.1.3. A and B setting multiplexor

Either the A or the B register may be set, wWwithout use of
the - X, Y or Z bus, to one of the two truth values, TRUE and
FALSE, represented by -1 and 0 respectively. A multiplexor,
ABMULTIPLEXOR, controlled by s_ABmux[2:0], selects one of
seven single bit sources for the truth value; this bit is
Loaded into all the bits of the register to be set. If the A
register i1s to be set, the s_SetA signal is set; Tfe o ithielr B
register i1s to be set, the s SetB signal is set.

The sources corresponding to the values of s_ABmux[2:0] are:

s_ABmux[2:01] Microcode HDL
selector name signal name

0 BSetfromU s_GND

1 BSetfromQuotSign s QuotSign

5

BSetfrom1 s_VDD
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3 ASetfromGreaterThan s_GreaterThan
4 BSetfromCverflow s _Overflow

5 BSetfromZNoteql s_ZNoteqU

6 ASetfromzeql s_Zeql

J.2. b register

The C register holds the most significant word in double
Length operations, in which A holds the least significant
word. It also holds truth values indicating carry.

The C register takes its input from the Z. bus; this  input
may be direct or shifted right one place.

The € register autputs to the X bus; this output  wmay, K be
direct or shifted Left one place.

3.5 M rceaistern

The W register takes its input from the Z bus and outputs to
the X bus.

3.4. PW register

The PW register takes its input from the Z bus and outputs
to the X ‘bus

3.5. 1 register

The I register holds a pointer te next 4instruction to be
executed.

The. I register dinputs from the Z bus, and outputs te the X
bus.

The I register also outputs to and ‘inputs! feem, the
incrementor. It may therefore be incremented without use of
the alu.

3.6. OPD register

The OPD register holds the operand of the instruction being
executed. It 1is also used to hold temporary values needed
during the execution of certain instructions.

The OPD register inputs from the I bus, and outputs to the ¥
bus.

The OPD register also outputs to and inputs from, the
incrementor. It may therefore be incremented without use of
the alu.
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The lLeast significant nibble (OPDE3:01) of the OPD - register
may take its dinput from the operand nibble of the next
jnstruction, held in IB. In this case, the remaining nibbles
of OPD may be cleared, or taken from the Z bus shifted Left
four places.

/
The OPD register may therefore output to the Y bus, and take
ijts dinput from the shifted Z bus, allowing the operations
required for the prefix instructions: :

D := OPD << 4
OPD := ("OPD) << &

The contents of the OPD register are compared with =zero,
producing the output s_OPDeqO.

3.7= IB register and pre-decoder

The IB register holds the word <containing the instruction
being decoded. The least significant bit€s) of |the
instruction register, I, are used to select the instruction
within IB. The pre-decoder converts the selected instruction
into an entry address in the microcode memory.

The IB register takes its single word input from the memory
interface.

Each instruction has a function field, Function[3:01 and an
operand field, Operand[3:0]. The 1IB register outputs the
operand field of the selected instruction to the OPD
register.

The selected ‘instruction is output from 1B to the
pre-decoder. The pre-decoder tests the function field of the
sellected Anstruction and produces an entry  address : as
follows:

Function Entry

nibble ' address

Function[3:01] EntryAddresslC6:4] EntryAddress[3:0]
= b 0 Functionf3:01]

E 1 Operandl3:01

2 Z OperandC3:01
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3.8. DATAIN register and byte router

The DATAIN register is used to hold values of data read from
memory .

The DATAIN regisfer takes T8 HRput  from.. the memory
interface.

The: DATAIN register outputs to the X bus via, the byte
router.

The byte router is used for the Load byte and store byte
instructions.

3.9. MADDR register

The MADDR register outputs to the memory interface.

The MADDR register takes its finput from the Z busz' this
input may be direct or shifted right one place. The MADDR
register may also input from the incrementor; this input is
shifted right one place.

The output of  MADBR may be Torced to. U, to allow
bootstrapping.

The MADDR register is tested to determine if its value Llies

between 0 and 255, and is therefore the address of a port.

This produces the outputs s_MADDR11to8eql and
s_MADDR15to12eqC.

Inmos Limited =8 Confidential
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1. Overview

Each minor cycle consists of two phases. The source values
for operations are output from registers in the source
phase; the results of operations are input to registers in
the destination phase. The microinstruction controlt signals
fall into three groups; those which are active during the
source phase, those which are active during the destination
phase, and those which are active throughout the cycle.

2. bData path timing

2.1. Alu operation

In an alu operation, the operands are output to the X and Y
busses during the source phase, and the result is taken from
the Z bus during the destination phase (unless this is
disabled by the destination disable multiplexor). The alu
control signals are active throughout the cycle.

2.1.1. Destination disable multiplexor

The destination disable multiplexor, DESTDISABLEMULTIPLEXOR,
is controlled by s _dmuxb2:01. In normal operation of the
data path, with s_dmux{2:0] set to O, the  results- of . alu
operations are loaded from the Z bus to a selected register
during the destination phase. Loading during the destination
phase may be conditionally disabled by one of five
conditions selected by s_dmux[2:01].

The condition dnputs corresponding to the values of
s_dmux[2:0] are:

s_dmux[2:01 Microcode HDL

signal name signal name
G DisablefromO s_Gnd
1 DisablefromZlt256 s_ZLlt256
2 DisablefromNotDivdSign s NotDivdSign
3 DsablefromNotQuotSign s_NotQuotSign
4 DisablefromnotBslavel5 s_NotBsLave1S
5 DisablefromNotCslavel5 s_NotCslavel>5
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2.2. Incrementor operation

In an incrementor operation, the value to be incremented is
selected from the I or OPD register during the source phase.
The result is taken from the incrementor output during the
destination phase.

2.3 Al and B regasten

buring every source phase, the A slave register 1is Lloaded
from the A register and the B slave register is loaded from
the B register. The BfromA signal causes the B register to
be Loaded from the A slave register during the destination
phase. Similarly, the AfromB signal causes the A register to
be Lloaded from the B slave register during the destination
phase.

The A and B register setting controls are active during the
destination phase.

2.4. € register

buring every source phase, the € slave register (which
contains only bits 0 anmd 15) is loaded from the € registers.
The values held in the C slave register are taken during the
destination phase, when the C register itself may be loaded
from the Z bus.

The € register setting cohtrol . is active during the
destination phase.

3. Microprogram ROM timing

The MIR register is Loaded with the address of the
microinstruction for the following cycle before the end of
the destination phase.

buring the Last cycle of each instruction, the MIR register
is lLloaded from the pre-decoder during the source phase.

buring each minor cycle of an instruction except the Llast,
only the —most. significant -five bits of MIR, MIRLIG6:271 ave
Loaded during the source phase from the feedback signals,
ROMFEEDBACKL6:21. The lLeast significant two bits of the MIR
register, MIR[1:0], are lLoaded during the destination phase,
allowing conditions from the alu to be used to choose the
following microinstruction.
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4. Memory interface timing

The interface control accepts requests from the interface
request signals, and sets the corresponding memory control
outputs, - during the destination phase. During this
destination phase, the address is calculated and loaded into
the MADDR register.

The interface control accepts memory control inputs and sets
the abort signal during the source phase.
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1. Overview

The' Jdnterface c¢ontrel contains . eight =single bit ' state
latches wused to record the state of the memory interface.
The read a&and wurite requests generated by certain
microinstructions are combined with the state of these
Latches to produce the memory interface signals, and the
minor cycle abort signal.

2. State lLatches

s Running

The running latch defines the source of instructions to be
executed. If running is false, the source of instructions is
port 0. If running is true, the source of dinstructions is
the memory.

The running latch is Loaded from an operand of the SWITCH
instruction, or from the BOOT pin when RESET is asserted.

2ala Db ful L

The dbfull Latch records the state of the DATAIN register.

The dbfull lLatch is set false when a read request for data
is made to the memory, it is set true when the data arrives.

235 JIbempty

The ibempty latch records the state of the IB register.

The ibempty lLatech is set true when a read reguest for
instructions is made to the memory, it is set false when the
instructions arrive. A request for instructions may result
from either a forcefetch request, or a next request when
only one instruction remains in IB.
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2.b. Maddrfull

The maddrfull Llatch records the state of the MADDR register.
The maddrfull Latch is set true when a read request for data

or dnstructions, or a uwrite request, is made to the memory.
It is set false when the address is taken by the memory.

2.5. FMemenable

The memenable LlLatch records the state of the memory
interface. It is true whenever the memory interface is busy.

The memenable lLatch is set true when a read request for data
or dnstructions, or a write request, is made to the memory.
It is set false when data arrives as a result of a read
request, or when data is taken by the memory for a write
reqguesta.

Z2.6. Write

The write Latch records that a write request has been made
to the memory.

The write Latch is set true when a write request is made to
the memory. It 1is set false when the data is taken by the
memory .

2uils. Byte

The byte lLatch records that a byte request has been made to
the memory.

The byte latch is set true when a read byte or write byte
request is made to the memory. It is set false when data
arrives as a result of a read byte request, or when data 1is
taken by the memory for a write byte request.

2.8. Upperlower

The upperlower Latch holds the Least significant bit of byte
addresses.

The upperlower lLatch is loaded from the Least significant

bit of the A register, when the A register is shifted one
place right.
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3. . Abort. lLogic

If a minor cycle cannot proceed because it requires an
interface request to be completed, the cycle is aborted.
When a cycle is aborted, the results of any operations
performed in the cycle are discarded, and the
microinstruction register is not lLoaded with a new state.
The conditions for aborting a cycle are described below.

2:70. Instruction fetch

1f a next request is made when the instruction buffer s
empty (ibempty true), cycles are aborted wuntil the
instruction buffer is loaded from the memory.

3.2. Write request

A memory uwrite involves two consecutive cycles, the first to
supply the address and the second to supply the data. On the
first cycle of a write request, MADDR is Loaded (maddrfull
set true). The second cycle of a uwrite request is aborted
until the address is taken by the memory (maddrfull set
false).

3.3. Previous request incomplete

A read or write request may occur before a previous request
is completed (maddrfull set true). In this case, the cycle
is aborted until the previous request is completed
(maddrfull set false).

3.4. Data read request

A memory data read involoves two cycles, the first to supply
the address and the second to take the data. These two
cycles need not be consecutive. Data from memory 1is Loaded
into the DATAIN register tabful L. set truel). It as eutput
from the DATAIN register to the X bus on the second cycle of
the data read. The second cycle is aborted until the data
read request is completed (dbfull set false).
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1. Overview

The microcode assembly Llanguage is used to define the
contents of the microcode ROM. The microcode assembler
translates the assembly language microinstructions into the
corresponding bit patterns held in the ROM. A ROM optimiser
is also used to re-organise the ROM and eliminate
unnecessary cells.

2. Microcode assembly language

2:.7. Microprogram

WITH definitions DO microinstructions

microprogram

2.2. Definitions

definition { definition }

definitions

definition fielddefinition |

valuedefinition

A definition introduces one or more identifiers for wuse 1in
subsequent definitions and commands. Each identifier is
associated with a bitpatterm, the lLength of which 1is the
Length of a microinstruction.

2.2.1. Field definition

fielddefinition FIELD Microword range

fieldvaluedefs ;

range HPL range

fieldvaluedefs

fieldvaluedef { fieldvaluedef 2}

fieldvaluedef "identifier = bitpattern

Field definitions are used to introduce one or more
identifiers, and associate them with the values which may be
taken by a specified field in the microinstruction. The
field is specified by the range following =.

The value of an each didentifier <dntroduced by a field
definition d9s a bitpattern in which all of the bits outside
the range are zero, ahd the bits ‘inside the Trarnge are
specified by the bitpattern following =.
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2elads Nalue definition

valuedefinition SET valuedefs ;

valuedefs valuedef { valuedef 2

identifier = bitpattern |
identifier = identifier

valuedef

A value definition introduces one or more identifiers and
associates each of them with a bitpattern, or with the value
associated with another identifier.

2elad. Bitpattern

bitpattern = #B bit € bigt 2

bit &g 04

2:3: Microinstruction

microinstructions microinstruction { ; microinstruction 2}

microinstruction identifier : identifers [ conditional 1

identifiers = jdentifier { identifier 2}
conditional = jdentifiers [ ( identifiers ) 1

Each microinstruction is translated by forming the inclusive
or of ‘the -bit patterns associated with each @ of  the
identifiers following :, together with the value of the
conditional, if there is one.

The identifier preceding . is the Label of the
microinstruction. It 1is wused to define the address in the
ROM where the microinstruction is to be stored. It may also
be used in the conditional part of other microinstructions.

The value of the conditional part of the microinstruction is
the inclusive or of the bit patterns associated with each of
the identifiers up to (. These are 1identifiers associated
with conditional fields of the microinstruction, and each 1is
used to select a condition associated with a single
microinstruction address bit. The identifiers enclosed by (
and ) are identifiers used to lLabel other microinstructions,
to which transfers are made depending on the values of the
selected conditions.
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2.4. Comments

Comments are introduced by the character pair //. AlLL
subsequent characters up to the end of the Line are ignored.

2.5. Use directive

The directive:
USE " filename "

causes the entire contents of the file specified to replace
the use directive. It may occur anywhere in a microprogram.
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