// Inmos Limited; Confidential

// A11 the declarations for s42rev.vbc

WITH

FIELD Microwordl[13:1%,8] // X bus source select
XfromA =  #BROLO1
XfromC = #BOOO1Y
KfromW =  #BOALIOY
XKfromPW = #BOlO2F
AKfroml = ¥Bloggo ;

FIELD Microwordl16,14,91 // Y bus source select
YfromB = #BOF1
YfromOPD = #BOLlY
YfromMinuslb = #BlOg 3

FIELD Microword[48] /7 X and Y bus connection
Xmerge¥Y = #B1l 3

SET
XfromY = XmergeY
YfromX = Xmerge¥Y

FIELD Microword[28:261 // Carryin multiplexor
NotCarryfroml =  #BOOY
NotCarryfromNotAslavelb = #BOO1
NotCarryfromCslaved =  #BO1Y
NotCarryfromNotCslavef =  #BA11
NotCarryfromd =  #B1OY 3

SET
NoCarry = NotCarryfroml
NoBorrow = NotCarryfromd
Carry = NotCarryfromd
Borrow = NotCarryfroml
CarryfromAslavelb = NotCarryfromNotAslavelb
CarryfromCslaved = NotCarryfromNotCslaveld
CarryfromNotCslaved = NotCarryfromCslaved ;

FIELD Microword[6@:55] // Alu operations
ZfromXplusY = #Blog1ol L4 X E N o CErRRY
ZfromXminusY = #B1l1g1@1 fl XK'= XY = Borrow
ZfromYminus¥X = #Blololey [l Y = X = Borrow
ZfromOnes = #Bg11111 Lf =1
ZfromNotCarry =  #Blog2OY LA 8= Carry
ZfromZero =  #BODORUY 747 ]

ZfromX = #BOPRO11 // X

ZfromY = #BOQL1OO1 /7Y

ZfromXxorY = #BOO1R1Y VAR e
ZfromXxnorY =  ¥BOOP1E] Ll YK YY)
ZfromXorVY = #BAOP1O11 Lol RN Y
ZfromXandY = $BOPPIF1 L
ZfromNotX = #BO@1108 /7 ~X

ZfromNotY = #BOQR11Y /7 ~Y
ZfromMinusY = #Bl11@11® £/l (=Y} = Borrow
ZfromYminus = #Blglggl L N = Borrew
ZfromYplus = #BlOgl1g LIl Y ¥ Carhy s

FIELD Microwordlb:91] // Z bus destination select
AfromZ = HBOOOROHL
BfromZ =  #BOOBIOLY
CfromZ =  #BOORB1OY
WfromZ = #BOOFLOOH



PWfromZz = #BOP1OOOY
IfromZ = #ROLOYOOY
OPDfromZ = #BlOguooey ;
FIELD Microword[49,441 /7 OPD register control
OPDNot® = #BO1
IncOPD = #Bl@g
FIELD Microword[53:51,43:411 // Shifting control
AShiftin@froml =  #FBIOOOY]
CShiftinl5fromCarryout =  #BOOBI1Y
CShiftinl5fromArithlLogic =  #BOOOLIOY
ShiftLeftCA =  #BOW1OOY
ShiftRightC = #BO1OO0Y
ShiftRightA =  #BlOAOODD
SET
AShiftingfromgd =  H#BOOROOH
CShiftinl5from#@ = H#BOOOOOE ;
FIELD Microword[18:171] // A/B stack control
AfromB = #B@1
Bfromh =  #Blg
FIELD Microword[25:211 // A/B setting multiplexor
AsetfromZeqld =  #BOYOO1
AsetfromGreaterThan = #BA11Q1
BsetfromZNoteqd =  #BAP11M
BsetfromOverflow = #BAlO1Y
Bsetfroml = #BlOg1Y
BsetfromQuotSign = #Blo11@
Bsetfromgd = #B1l1@1@
FIELD Microwordl[47:4861] // C setting from Carryout
CsetfromNotCarryout =  #Blg
CsetfromCarryout = #B11 ;3
FIELD Microword[31:291 // destination phase disable
Disablefrom@ = #BOBY
DisablefromZ1t256 =  #BOO1
DisablefromNotDivdSign = #Bg1lg
DisablefromNotQuotSign = #Bg@l11
DisablefromNotBslaveld = #B14g
DisablefromNotCslavelbs = #B1g1l
FIELD Microwordl42:381 // sign control for DIV
SignDivdfromCl5 =  #BOWO1
SignQuotfromZlb =  #BO1Y
DoingDiv = #Blgg ;
FIELD Microword[34:321 // condition select for MIRL1]
CondlfromROMFeedbackl = #BOOY
CondlfromAslaved =  #BOO1
CondlfromCarryout =  #BO1Y
CondlfromMulStepl = #BA11
Condlfroml =  #B1OW
CondlfromDivStep®d = #B1#@1
CondlfromDivStepl = #B11g
CondlfromAslavel =  #B111l 3
FIELD Microword[37:351] // condition select for MIRIZI]
Cond@fromROMFeedback = #BOOYY
Cond@fromDoingDiv =  #BOM1
Cond@fromZeqld =  #BOlY



CondffromMulStepd = #B@11
Cond@fromOPDeqld = #BlO@
FIELD Microword[67:61]1 // loads into MIR
ROMFeedback[ @1 = #BOOROBYL
ROMFeedback[ 11 = #BOOORDILY
ROMFeedback[ 21 = #BOOOR1IOY
ROMFeedback[ 31 = #BIOHLOFY
ROMFeedback[ 4] = #BAQ1IODOY
ROMFeedback[51] = #BOLODOOHD
ROMFeedback[ 61 = #BlOoooBoId ;

FIELD Microword[54,58,45,28:19,15,71 // Interface Control Requests

MADDRfromZ = #BOOXAOS]
DATAINfromZ = #BOOOOA1E
Write =  #BOAIN1OY
Byte = #BOOA1OQGL
ForceFetch = #BOOW1OOOQ
Next = #BOALOOOOL
RunningfromZNoteq# = #BlOBOORO ;
SET

Read = @ ;




// Inmos Limited; Confidential

// a typical piece of violence from the mind of VBCman :-
// howl, gneek, fring, splunshuleecreak
// REVISION TO VBC LEVEL 7, PATCH CODE 42.69

USE "[miles.simple.docls42with.vbc”
DO

/7 Bs=Aj; A:={WIOPD)
LDW:
KfromW YfromOPD NoCarry
ZfromXplusY
AtoB
MADDR f r omZ Read
LDWread ;

LDWread:
XfromDATAIN NoCarry
ZfromX
AfromZ
Next 3

// W'OPD:=A; A:=B
STW:
XfromW YFfromOPD NoCarry
ZfromXplusY
MADDRfromZ Write
STWwrite ;

STWwrite:
KFromA
AfromB
Next 3

// B:=A; At=W+OPD
LDPW:
XfromW YfromOPD NoCarry
ZfromXplusY
AfromZ
BfromA
Next ;

// Bi=A; A:=WIOPD; W!OPD:=A+1
// Actually

// B := A

// MADDR := W+OPD

// Then the rest is as LDTI

LDWI:
XFromW YfromOPD NoCarry
ZfromXplusY
MADDRfromZ Read
BfromA
LDTIread 3

/7 A:=A10PD
DT s




Xfromh YfromOPD NoCarry
ZfromXplusY

MADDRfromZ Read

LDWread 3

// AVOPD:=B
ST
KFromh YfromOPD NoCarry
ZfromXplusY
MADDRfromZ Write
STTwrite

STTwrite:
XfromY YfromB
Next ;

// A:=A+0PD
LDPT:3
XfromA YfromOPD NoCarry
ZfromXplusY
AfromZ
Next ;

// MADDR:=A+0PDj; A:=A10PD; !MADDR:=!MADDR+1
LDTI:
XfromA YfromOPD NoCarry
ZfromXplusY
MADDRfromZ Read
LDTIread ;

// incremented A!OPD stored and saved in A
LDTIread:

XfromDATAIN YfromX Carry
ZfromPlusY
AfromZ Write

LDTIwrite

// now decrement A
LDTIwrite:
KfromA YfromX Borrow
ZfromMinusY
AfromZ
Next 3

// T:=1+0PD

XKfroml YfromOPD NoCarry
ZfromXplusY

IfromZ Read ForceFetch
UMULend ;

// IF A\=§ THEN I:=I+0PD ; A:=B
JNZ:
XfromA NoCarry
ZfromX
AfromB
Condf@fromZeq®d {(INZend, JINZdojump) 3



JNZdo jump:

JNZend:

LDL:

LDPI:

PFIX:

NFIX:

//

//

1/

44

7/
/7
1/
7/

Kfroml YfromOPD NoCarry
ZfromXplusY

IfromZ Read ForceFetch
JNZend 3

Next 3

B:=A;A:=0PD

YfromQOPD NoCarry
ZfromY
AfromZ
BfromA
Next ;

B:=A; A:=I+0PD

Xfroml YfromOPD NoCarry
ZfromXplusY

AfromZ

BfromA

Next 3

OPD := OPD<LK4
NOTE OPDNot® also loads OPDL15:41 from ZI11:9]

YfromOFD NoCarry
ZfromY
OPDNot®
Next ;3

OPD := {NOT OPD)<<4

NOTE OPDNot® also loads OPDL15:41 from ZL[11:81
'*NOT’ allows onhe more negative number per nibble
since -@ = @ but NOT & = -1,

YfromOPD NoCarry
ZfromNotY
OPDNot@
Next 3

oprl operations

/7
It
/7

//
17
Vi

AN

LET t = Alg

TEST t = &
THEN
Al g =W
GOTO WAIT
ELSE



ik Al g = &

/7 A =t

14 GOTO RUN

SYNC:

Rfrom& NoCarry
ZfromX
MADDRfromZ Read
SYNCread ;

SYNCread:
XKFfromDATAIN NoCarry
ZfromX
Write
Cond@fromZeq® (SYNCwritew, SYNCwriteopd) 3

SYNCwr itew:
KfromW
WALIT

// assumes that OPD holds & {operand nibble of instruction)
SYNCwr itecopd:
XfromY YfromOPD NoCarry
SYNCsavet ;

SYNCsavet:
XfromDATAIN NoCarry
ZfromX
AfromZ
RUN

// IF A =g
// THEN A:= #XFFFF
// ELSE A:= #RXO00Q

EQZ:
Xfromh NoCarry
ZfromX
AsetfromZeqd
Next ;
// A,C := B>A{signed), B>A{unsigned)
L4 TE Bi ¥ A
// THEN A:= #XFFFF
// ELSE A:= #XPO0Q
// A - B < % if B > A; (all unsigned) therefore a borrow {s generated
- // for signed A>B the alu greater.than output is used
KfromA YfromB NoBorrow
ZfromXminusY
AsetfromGreaterThan
CsetfromNotCarryout
Next 3
/7 A s= B /\ A
AND:
Xfromh YfromB NoCarry
ZfromXandY
AfromZ

Next ;



OR:

XOR ¢

CLE:

LDAC:

STAC:

ADD:

ADDC:

Vi

i

/7

/7

/7

/7

//

1L
1/

/5,

A =B \/ A

RfromA
ZfromXorY
AfromZ
Next ;

YfromB

A= A >¢ B
XfromA YfromB
ZfromXxorY

AfromZ

Next 3

C =g

ZfromZero
AfromZ
Next

B:=A; A:=C

XfromC
ZfromX
AfromZ
BfromA
Next ;

C:=A; A:=B

Kfromh
ZfromX
CfromZ
AfromB
Next 3

A:={A+B)L15:8]
XfromA YfromB
ZfromXplusY

AfromZ

Next

B + A + CLA1]
overflow
carry

.
i

Om >

RfromA YfromB
ZfromXplusY

AfromZ
BsetfromQOverflow
CsetfromCarryout

Next ;

A := B-A

NoCarry

NoCarry

NoCarry

NoCarry

NoCarry

NoCarry

CarryfromCslaveld




SUB:

SUBC:

1f
77

S
/4
1/
1/
/7
//
//
/ol
1A
s
Sl
4l
L/
Lt
//
//
7/
/7
1/
L/
//
//
/7
/7
7/
14
/7
//
17
il
1
£/
75/
7/
//
//
1/
4
//
//
/7
4L
A
1/

XfromA YfromB
ZfromYminusX

AfromZ

Next ;

A :=B - A - CL#]

B := overflow

C := borrow

XfromA YfromB
ZfromYminusX

AfromZ

BsetfromOverf low
CsetfromNotCarryout
Next 3

C.A
B $

B * A {(signed)
overflow

LET extended.bit
LET multiplier.b
multiplier = Aj
FOR 1 = 1 TO 16
${
SWITCHON {(mul
E(
CASE 08 =
ENDCASE
CASE 21
ENDCASE
CASE 1#
ENDCASE
CASE 11 :
EMDCASE
$)
{add) / NOT {(sub

write.result
only write resul
multiplier.bi
extended.bit
alullB5:9]1 :=
Al14:91 =
AL15]1] =
CL1l4: ﬂ] =
CLLb =
0verF1ow
and NOT a
in the fi
If overfl
SR (CL151

arithmeti

So we set

{actually
$)

Use TLNG to chec
a sign extension

NoBorrow

CarryfromNotCslaved

= g
it = ALgZ]
multiplicand = B; accumulator = C
Do

tiplier.bit).{extended.bit} INTO

ho change to accumulator

accumulator := accumulator + multiplicand

accumulator := accumulator = multiplicand

no change to accumulator

tract) NOT {multiplier.bit) /7 multiplier.bit
multiplier.bit {(+) extended.bit

+/~ B to C 4f xor true

+ of C

t:= A[ll]
:= ALH]

CL15:91]
ALl156:11
alul@l (i.e
alull5:11
overflow -> Z,alullb]
occurs onh @ - 2*{most neg),

CLo1)

1ull61=8 for this case; only possible
rst iteration.
ow occurs, then do a logical

:= #). If no overflow, then do an
cal SR (CL15]1 := alullbl).

the bit which is shifted into C[151

in the alu so alull51) /\ NOT overflow

k whether the contents of C are only
of A; if not, B := -1, meaning that



77

1/
//
17
1
/7

/7
//
£/
//
LA
/7
1/
1/
1/
Sl
Lol
/.
L,

//
Lk

14
14
S
4
1/
£t
1/
14
Lot

v
MUL ¢

the product is a double Tength number (overflows
single length).
B ¢= NOT ({ € #+ A[L1B] )} = & } // testlong
Control logic:
The following signals are input to the Multiply
step control logic which produces MIRL1I and
MIRLA1 from them.
Alll // These are BEFORE the shift right i.e. from
ALQ] // the master half of A in the source phase
OPD=#
The codes generated by the multiply step control are:
ALZ]
OPD~=g | ©& 1 OPD = @ i.e. Force 9% 1in all cases.
AL1l 7 1 &1 18 j23%) 2471
1 1 11 21 oyl e
That is
ALF]
| & 1
7.3 5 L T /) S +
The first cycle of all is special, as there 1s no
shift right possible and the only two cases are
1) do nothing
2} subtract
so we MUST ensure that the codes for do nothing and
subtract differ in only one bit.
clear C, as Carryout is set
YfromMinuslb NoCarry
ZfromY
OPDfromZ
CsetfromNotCarryout

CondlfromAslaved {(MULshiftsubtract, MULshift) 3

MULshiftadd:

IncOPD
ShiftRightA
XfromC
ZfromXplusY
ShiftRightC
Cshiftinl5fromArithlLogic
CondlfromMulStepl

YfromB NoCarry

Cond@fromMulstepd

MULshiftsubtract:

{MULshiftsubtract, MULshiftadd, MULshift,
IncOPD
ShiftRightA
XfromC YfromB NoBorrow

ZfromXminusY
ShiftRightC
Cshiftinl5fromArithLogic
CondlfromMulStepl
{MULshiftsubtract,

Cond@fromMulstepl
MULshiftadd, MULshift,

MULend}

MULend)

.
)

.
El



MULshift:
IncOPD
ShiftRightA
KfromC NoCarry
Zfromx
ShiftRightC
CshiftinlbfromArithlLogic
CondlfromMulStepl CondffromMulstepld
{MULshiftsubtract, MULshiftadd, MULshift, MULend} ;

MULend:
/ this is a copy of ting, checking to find if C is
// a sign extension of A

KfromC YfromX CarryfromAslavelb
ZfromPlusY
BsetfromZNoteqld
Next ;
/7 CJA 12 B ¥ A + C {unsigned)
// B := B //must preserve it
1 LET multiplier.bit = ALH]
Lk
Lk FOR 1 = 1 TO 16 DO
// ${
I
LA SWITCHON {(multiplier.bit}) INTO
Lo $(
1% CASE # : no change to accumulator
// ENDCASE
/7 CASE 1 : accumulator := accumulator + multiplicand
V& ENDCASE
// $)
Ve s
// ALl4: ﬂ] s= AL15:11]
VA ALl5 = alul@l
// CLl4: ﬁ] = alullb:11
// (3 e Mo | = carry.out
// carry.out is the 17th bit of the
Ll unsigned addition, which is shifted
L right into C.A
//
1L multiplier.bit:= ALD] /7 AFTER shift right
VA $)
s
UMUL ¢
YfromMinuslb NoCarry
ZfromY
OPDfromZ

CondlfromAslaved {(UMULshiftadd, UMULshift) 3

UMULshiftadd:
IncOPD
ShiftRightA
XfromC YfromB NoCarry
ZfromXplusY
ShiftRightC
CshiftinlbfromCarryout
CondlfromAslavel Cond@fromOPDeqd
{UMULendl, UMULshiftadd, UMULend, UMULshift) ;

UMULshift:
IncOPD



UMULend:

UMULendl:

/7
LT,
Ve
//

1/
1L
17

LA
LL
1/

//
1
1/
4
s,

1/
//
/7
//
L
//
//
//
//
74
//
//
//
4ol
Ll
L
1

//
4
4l
4/
1L
14
//
1
1
1
Lot

ShiftRightA

XfromC NoCarry

ZfromX

ShiftR tghtC

Cshiftinl5fromd

CondlfromAslavel Cond@fromOPDeqgl
{UMULendl, UMULshiftadd, UMULend, UMULshift} 3

Next

Next

A
B
C
done

.
,

.
9

{C.A}/B

overflow{{C.A}/B)

{C.A} rem B

by non-restoring divide on unsigned

numbers to share microcode

definition: dividend = quotient * divisor + remainder
remainder has sign of divisor, unless it can be reduced to ¥

1.

2
3
4.
5

remove the signs of dividend and divisor and store them
enter UDIV code and check for overflow or divide by #
perform iteration to obtain partial remainder 16 times
end correct result in case of =-ve partial remainder

exit if UDIV, or restore signs to quotient and remainder :

dividend divisor quotient remainder
+ + + +
+ +

+ -
- +

sign.dividend += CL151]
IF sign.dividend = 1
THEN
$¢
A : g - A

carry.save carry.out

carry.in = NOT {(carry.save)
=g - C
$)
sign.divisor := BIL[151]
IF sign.divisor = 1
THEN
${
B := @ - B
$)
signed.division := 1

UNLESS C < B
DO
$(



/7
i
4
1
1/
//
1y
7
£l
1/
1
/7
/17
Al
1

/7
1
4
1/

1
Vi
/7

Ll
Ll
/il
14
1t
LA
Jif:
/7
4/
/7
1/
L
1/
//
14

1L
//
b4
il
/7
1
LT

vy
//
14
¥
7
/7
Ve 4
LY
/7
/7
4
17
/7
/A

B := -1
$)
x =
FOR { = 1 TO 16 D
${
b 1% = NOT
x.C.A = C.A
ALQ1] = bit
TEST bit =1
THEN
%, = x.C
ELSE
x.C 1= x.C
$)
TEST =.C < #
THEN
B
C :=C + B
A e A LK 1L #
$)
ELSE
$(
A A L1l »
$)
IF signed.divide

THEN
$(
B := @
RETURN
$)

IF signh.dividend
THEN
${
€ 32 # = C
$)
IF sign.dividend
THEN
$(
A

=R

g

B>

F
HE
{
= @

A
N
B
RETURN

$)

%)
Check A has right

IF sign.dividend \= sign.divisor \= AL15]

A N\= @
THEN
$(

B := ~1
%)

/foverflow true, break

0

{x)

€l
- B /this x is CL15] before shift Teft!
+ B /this x is CI[15]1 before shift left!
2
1

= FALSE

/ no overflow

n
—

\= sign.divisor

/ no overflow

sign, unless quotient = &

N\

/ overflow true



13
L
DIV:
RKfromC
ZfromXxoryY

SignDivdfromCl5
SignQuotfromZlh

DoingDiv
DIVunsignA 3

DIVunsignA:
KfromA
ZfromMinusY
AfromZ

YfromB

YfromX

NoCarry

NoBorrow

DisablefromNotCslavelb

CondlfromCarryout {(DIVunsignCl, DIVunsignC2) 3

DIVunsignCl:

N\

KfromC YfromX Carry
ZfromMinusY
CfromZ DisablefromNotCslavelb
DIVunsignB 3
DIVunsignC2:
XKfromC YfromX NoCarry
ZfromMinusY
CfromZ DisablefromNotCslavelh
DIVunsignB 3
DIVunsignB:
YfromB NoBorrow
BfromZ DisablefromNotBslavelb
UbDIvV ;
/7 opr2 operations
// A 1= {C.A}/B {unsigned)
// B := overflow {({C.A}/B)
// C = {(C.AY rem B {unsigned}
f
// test divide overflow; overflow {f C ~ B >= §
UDIV:
XfromC YfromB NoBorrow
ZfromXminusY
CondlfromCarryout {(UDIVoverflow, UDIVinitloop) s
UDIVoverflow:
Bsetfroml
Next $

UDIVinitloop:
YfromMinuslb
ZfromY
OPDfromZ
UDIVicopsub 3

UDIViocopsub:
IncOPD
Ashiftingfroml

NoCarry



ShiftLeftCA YfromB NoBorrow

ZfromXminusY

CfromZ

CondlfromDivStepl Cond@fromQPDeqd
{(UDIVlastbitl, UDIVlioopsub, UDIVlastbit®, UDIVioopadd)

UDIV1oopadd:
IncOPD
Ashiftin@fromd
ShiftLeftCA YfromB NeCarry
ZfromXplusY
CfromZ
CondlfromDivStepld Cond@fromOPDeql
{(UDIVlasthitl, UDIVlicopsub, UDIViastbit®, UDIVlcopadd)

-e

UDIViastbitd:
Ashiftin@from#
ShiftLeftCA
UDIVlastbitdcorrection

UDIVlastbitl:
Ashiftingfroml
ShiftLeftCA
BsetfromQuotSign
Cond@fromDoingDiv (UDIVresignC, UDIVend) ;

UDIVlastbit@dcorrection:
KfromC YfromB NoCarry
ZfromXplusY
CfromZ
BsetfromQuotSign
Cond@fromDoingDiv {(UDIVresignC, UDIVend) ;

UDIVend:
Bsetfromf
Next 3

DIVresignC:
RfromC YfromX NoBorrow
ZfromMinusY
CfromZ DisablefromNotDivdSign
DIVresignA

// Set the divide overflow register B unless the quotient
// is zero, to trap this exceptional case.

DIVresignA:
XfromA YfromX NoBorrow
ZfromMinusY
AfromZ
SetBfromNotZeql DisablefromNotQuotSign
DIVend
// Check that B is a sign extension of the corrected quotient;
// If B is a sign extension, there is no overflow, so B := #.
// If B is not a sign extension, there is an overflow, so B := =1,
// Therefore use B := (B + A[15]1) ~= @&
DIVend:
YfromB CarryfromAslavelb

ZfromP lusY
SetBfromNotZeqld
Next ;



/7 C = (AL@)
SEX:
CarryfromAslavelb
ZfromNotCarry
CfromZ
SEXchangec

SEXchangec:
XfromC NoCarry
ZfromNotX
CfromZ
Next ;

// B t= NOT {{(C=@ /\ A>=f) \/ {C==1 /\ AL#}))
// In fact
// B = (C + AL15l) \= @&
I4 LIni‘taet
// B = (~C = ~ALlBl) \= @
TLNG:
XfromC YfromX NoCarry
ZfromPlusY
BsetfromZNoteqld
Next 3

// A := BXA
// shiftright A loads MADDRL-11 {(the upperlower Tlatch)
// with AL®]
LB:
ShiftRightA
ZfromZero
LBaddress ;

LBaddress:
XfromA YfromB NoCarry
ZfromXplusY
MADDRfromZ Reacd Byte
LDWread ;

// BYA := C
// shiftright A loads MADDRIL[-11 {(the upperlower latch)
// with AL#]

ShiftRightA
ZfromZero
SBaddress ;

SBaddress:
KFromA YfromB NoCarry
ZfromXplusY
MADDRfromZ Write Byte
SBwrite ;

SBwrite:

XfromC
Next ;

// C.A 1= C.A << B




YfromB NoBorrow
ZfromMinusY
OPDfromZ
SLloopinit 3

SL1oopinit:
IncOPD
Cond@fromOPDeq® (SLend, SLloop)

SLloop:

Ashiftin@fromd

ShiftLeftCA

NoCarry

ZfromX

IncOPD

Cond@fromOPDeqd (SlLend, SLloop) 3
SlLend:

Next 3

L CLA ne CLA P B
SR:
YfromB NoBorrow
ZfromMinusY
OPDfromZ
SR1oopinit

SRT1oopinit:
IncOPD
Cond@fromOPDeq® (SRend, SRloop) ;

SR1oop:
ShiftRightA
XfromC NoCarry
ZfromX
ShiftRightC
Cshiftinl5from®
IncOPD
Cond@fromOPDeq® (SRend, SRloop) ;

SRend:
Next ;

/71 s= 1 % A
JX:
XfromA NoCarry
ZfromX
OPDfromZ
JXforcefetch 3

JXforcefetch:
Xfroml YfromOPD NoCarry
ZfromXplusY
IfromZ Read ForceFetch
UMULend ;

[/f W L iptr
/] W

L7 PMLE Tink
747 ¢

1 Tink

L5~

I iptr



[7 iptr = 1 3 1link = &

WAIT:
XfromW YfromX
ZfromPTusY
MADDRfromZ Write

WAITiptrwrite ;

WAITiptrwrite:
XKfroml
WAITwlink 3

WAITwlink:
KfromW
ZfromX
MADDRfromZ Read
WAITwlinkread ;

WAITwlinkread:
XFfromDATAIN
ZfromX
WfromZ
WAITpwlink

WAITpwlink:
XfromPW
ZfromX
MADDRfromZ Write
WAITpwlinkwrite ;

WAITpwlinkwrite:
XfromW
WAITwiptr

WAITwiptr:
XfromW YfromX
ZfromP lusY
MADDRfromZ Read
WAITforcefetch 3

WAITforcefetch:
XfromDATAIN
ZfromX
IfromZ Read
UMULend ;

// PW
// A ! 1in
rf iptr = 1

// PW ! 1ink
k

RUN:
XfromPW
ZfromX
MADDRfromZ Write
RUNpwlinkwrite 3

RUNpwlinkwrite:
XfromA
ZfromX
PWfromZ
RUNwlink 3

RUNwiink:

Carry

NoCarry

NoCarry

NoCarry

Carry

NoCarry

ForceFetch

NoCarry

NoCarry



XfromA

ZfromX

MADDRfromZ Write
RUNwlinkwrite ;

RUNw1linkwrite:
XfromW
Next ;

/7 W ! iptr

// PW :
// W :
£ L :
// iptr =1 3
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PSE:
XKfromW
ZfromX
PWfromZ
PSEwiptr 3

PSEwiptr:
XFfromw YfromX
ZfromP TusY
MADDRfromZ Write
PSEwiptrwrite ;

PSEwiptrwrite:
Xfroml
PSEwlink 3

PSEwlink:
Rfromw
ZfromX
MADDRfromZ Read
PSEwlinkread ;

PSEwlinkread:
AfromDATAIN
ZfromX
WfromZ
WAITwiptr 3

[/ WAL 9%
// PW! 1ink
// A YV 1ink
/7 W,A

17 1
£r9pte = 1
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CALL:
XfromW
ZfromX
OPDfromZ
MADDRfromZ Read
CALLwlinkread ;

CALLwlinkread:
XfromA
ZfromX
WfromZ
CALLwiptr

NoCarry

NoCarry

Carry

NoCarry

NoCarry

NoCarry

NoCarry




// A and W will now be swapped;

CALLwiptr:

ZfromY
AfromZ
IncOPD
CALLpwlink 3

CALLpwlink:
XfromPW
ZfromX
MADDRfromZ

CALLpwlinkwrite

CALLpwlinkwrite:
XfromW
ZfromY
MADDRfromZ
CALLwiptrwrite

CALLwiptrwrite:
AKfroml
ZfromY
IfromZ
OPDfromZ
CALLwlink 3

CALLwlink:
RfromW
ZfromX
MADDRfromZ
CALLforcefetch

CALLforcefetch:
XfromDATAIN
ZfromY
Read
UMULend

// B := A}
// goto CALL

iptr

RET:
XfromA
ZfromPlusY
MADDRfromZ
RETreadiptr 3

RETreadiptr:
XfromDATAIN
ZfromX
BfromZ
CALL. 3

// A,B := B,A

REV:
BfromA
AfromB
Next ;

// running :=

YfromQOPD

Write

.
’

YfromOPD

Write

.
’

YfromB

Write

YfromOPD

ForceFetch

YfromX
Read

(A \= g)

and OPD set to W+iptr

NoCarry

NoCarry

NoCarry

NoCarry

NoCarry

NoCarry

Carry

NoCarry



/7 MW o= A

// PW, A := A, PW

//7 1 := B

SWITCH:

XfromPW NoCarry
ZfromX
OPDfromZ
SWITCHrun 3

SWITCHrun:
XfromA NoCarry
ZfromX
WfromZ
PWfromZ
RunningfromZNoteql
SWITCHafrompw

SWITCHafrompw:
YfromOPD NoCarry
ZfromY
AfromZ
SWITCHforcefetch
SWITCHforcefetch:
YfromX NoCarry
ZfromY
IfromZ
Read ForceFetch
UMULend 3
// DO C TIMES
17 = %Y
/7 1A := IB
1/ UNLESS iochan{A) DO A := A+l
1 UNLESS iochan{(B) DO B := B+1
/7 %)
// Actually we have the following
/7
// B := B~1
// OPD := A
Ir 88X
£L maddr := B+l
Vi READ
/7 UNLESS iochan{(B}
L B := B+1
//
// C := C~1
// IF C=g THEN BREAK
74 4
a4 maddr := OPD
/7 WRITE
Y 4 mdata := datain
1.f
i UNLESS 1iochan{O0OPD)
1l OPD := OQOPD+1
/i
// $) REPEAT
74
// B := B+l
L

// If C = @, still do one read !
744




MOVE:

XfromA NoCarry
ZfromX
OPDfromZ
MOVEbinits
MOVEbinit:
YfromB Borrow
ZfromMinusY
BfromZ
MOVEloop ;
/7 Disabling the destination stops the
// incremented value from being saved.
// MADDR is loaded with incremented value,
// and READ requested by Interface Controller
// even if the destination is disabled.
MOVEloop:
XfromDATAIN YfromB Carry
ZfromXplusY
BfromZ DisablefromZ1t256
MADDRfromZ
Read
MOVEdeccount
MOVEdeccount:
XfromC YfromX Borrow
ZfromMinusY
CfromZ

17
7
1/
//
//

CondlfromCarryout (MOVEincopd, MOVEend) ;

Disabling the destination stops the
incremented value of OPD from being saved.
MADDR is loaded with incremented value,

and WRITE requested by Interface Controller
even if the destination is disabled.

MOVE incopd:

MOVEend:

START:

LT
A4
1/

YfromOPD NoCarry
ZfromY
IncOPD DisablefromZ1t256
MADDRfromZ
Write
MOVEloop

YfromB Carry
ZfromPlusY
BfromZ
Next 3

power—-up and reset state
ForceFetch clears MADDR by Toading it from
the Z bus, which is set to #.

NoCarry
ZfromZero
Read ForceFetch
UMULend ;



