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A Design Methodology for VLSI Processors

Joan Marie Pendleton |

ABSTRACT

A design methodology for VLSI processors haS been developed. It is based
on five major design levels - microarchitecture, functional block, circuit, intercon-
nect, and process — and the interactions between them. In addition to top—down
synthesis, this method formally incorporates the feedback of information from the
lower design ‘levels to the higher levels. A preliminary design phase that consid-
ers the effects of the lowest levels — circuit, interconnect, and process — on design
at the highest level — microarchitecture - is described. After preliminary design,
design alternates between synthesis and analysis steps as the designers proceed

from the highest level to the lower levels.

SOAR (Smalltalk on a RISC), a 32 bit microprocessor designed for the
efficient execution of compiled .Smalltalk provides a case study of this methodol-
OgY. The chip, implemented in 4 micron, single-level metal NMOS technologies,
has a cycle time of 400 ns. Pipelining allows an instruction to start each cycle
with the exception of loads and stores. The processor contains 35,706 transistors,
is 320x432 mils, dissipates 3 watts, and is assembled in an 84-lead pin grid array
package. The methodology that included a large CAD effort provided functioning

chips on first silicon.
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Appendix A
4 Micron NMOS Design Rules

Mask Layers

Active Area or Diffusion

...........

N+ Implant

' ' Buried Contact Cut

NN Polysilicon
& Contact Cut
Metal

All units are in lambda. Lambda is 2.0 microns for this 4 micron process.



1. Single Level Rules

1.1 Active Area

Minimum width-2.0
Minimun spacing- 3.0

1.2 Polysilicon
Minimum width- 2.0 -
Minimum spacing-2.0
1.3 Metal
Minimum width-3.0
Minimum spacing-3.0
1.4 Contact
ontac Minimum size- 2.0x2.0

Minimum spacing- 2.0
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2. Unrelated Levels

2.1 Diffusion to Unrelated Polysilicon

Minimum spacing- 1.0

A,

2.2 Contact to Unrelated Polysilicon

Minimum spacing- 2.0

N

2.3 Implant to Enhancement Transistor

3 Minimum spacing- 3.0

NN
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2.4 Buried Contact Cut to Unrelated Polysilicon

Minimum spacing- 1.0

9.5 Buried Contact Cut to Enhancement Transistor

3 Minimum spacing- 3.0

2.6 Buried Contact Cut to Depletion Transistor

N

N N

Minimun spacing- 1.0

2.7 Buried Contact Cut to Unrelated Diffusion

@_ Minimum spacing- 2.0



3. Overlaps and Enclosures

3.1 Polysilicon Overlap over Diffusion

Minimum overlap- 2.0

%

3.2 Diffusion Enclosure of Contact Cut

Minimum enclosure- 1.0

=

3.3 Polysilicon Enclosure of Contact Cut

Minimum enclosure- 1.0

7

3.4 Metal Overlap over Contact Cut

Minimum overlap- 1.0

=
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3.5 Buried Contact Cut Enclosure of Diffusion/Polysilicon Overlap
. 3.6 Implant Enclosure of Diffusion/Polysilicon Overlap

\

N

=

Minimum buried contact enclosure
in all directions- 1.0

Minimum implant enclosure
in diffusiion direction- 2.0
in all other directions- 1.0

Buried Contacts

Minimum implant enclosure
in diffusiion direction- 2.0
in all other directions- 1.0

Depletion Transistors
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Appendix B
SOAR SLANG Description

;*************************************************************

SOAR clock description Pete Foley
7 nodes: masterclock, phil, phil+, phi2, phi2+, phi3, phi3+

)
. phil+ corresponds to the clock nonoverlap between phil and
; phi2. The nonoverlap clocks are for simulation

; purposes only. '

;*****u*****uu********u*****uu***u**************u*u***
(defnode masterclock
(doc "masterclock, module-6 counter”)
(init (setq masterclock 5)) ;for simulation only
(update
(cond ((equal masterclock 5) 0)
(t (plus masterclock 1)))))

(defnode phil
(doc ”phase 17)
(depends masterclock)

(update
(cond ((equal masterclock 0) 'ON)
(t "OFF)))) :no UNK states for clocks
(defnode phil+

(doc "non-overlap after phase 17)

(depends masterclock)

(update

(cond ((equal masterclock 1) 'ON)
(t 'OFF))))

(defnode phi2
(doc ”phase 27)
(depends masterclock)
(update
(cond ((equal masterclock 2) 'ON)
(t 'OFF)))
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;*********#********#*********************************************

SOAR opcode description Joan Pendleton, PFF
2 nodes

These OPCODE nodes provide the opcode decoding function that
control PLAs on the outputs of the first and second stage control
pipe latches will provide.

.
’
’
’
?
.
?
?
’
!
.
’

;**********************#*******************************************

(defnode OPCODEL
(depends CPIPEIs)
(line 7 CPIPE1s<0> CPIPE1s<1> CPIPE1s<2> CPIPE1s<3>
CPIPEls<4> CPIPE1s<5> CPIPE1s<7>)
(doc "gives symbolic representation of the numerically represented
opcode at the output fo the first stage of the control pipe)
(update ;include bit that differentiates jump from call
(If (numberp (Plus (Bits 5 0 CPIPEIs)(Lsh (Bits 7 7 CPIPEIs) 6)))
then (numtosymbopcode (Plus (Bits 5 0 CPIPEIls)(Lsh (Bits 7 7 CPIPELs) 6)))
else UNK)))

(defnode smOPCODE1
(depends CPIPEls)
(line 2 CPIPE1s<5> CPIPE1s<7>)
(doc "same as OPCODEI but for jumps and calls only”)
(update
(numtosymbopcode (Plus (Bits 5 5 CPIPE1s)(Lsh (Bits 7 7 CPIPEIs) 1)))

)
)

. the following node is mainly here to keep the pla extraction software

?

; happy

(defnode tOPCODE1

(depends tCPIPELs)

(line 7 tCPIPE1s<0> tCPIPE1s<1> tCPIPE1s<2> tCPIPE1s<3>
tCPIPE1s<4> tCPIPE1s<5> tCPIPEIs<7>)

(doc ™gives symbolic representation of the numerically represented
opcode at the delayed output of the first stage of the control pipe
which is decoded in tpla”)

(update

(If (numberp (Plus (Bits 5 0 tCPIPE1s)(Lsh (Bits 7 7 tCPIPEls) 6)))
;include -
-bit that differentiates jmp form call
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then (numtosymbopcode (Plus (Bits 5 0 tCPIPE1s)
(Lsh (Bits 7 7 tCPIPE1s)6)))
else UNK

)
)
)

(defnode smtOPCODE1

(depends tCPIPEls)

(line 2 tCPIPE1s<5> tCPIPE1s<7>)

(doc "same as tOPCODE but for jumps and calls only”)

(update
(If (numberp (Plus (Bits 5 5 tCPIPEls)(Lsh (Bits 7 7 tCPIPEls) 1))
then (numtosymbopcode (Plus (Bits 5 § tCPIPEIls)(Lsh (Bits 7 7 tCPIPELs) 1))
else UNK)))

~ ; Its best not to le¢ OPCODE2 simply take OPCODE]1 because of the
: possibility of jamming opcodes into the pipeline (for aborting
; instructions etc.)

(defnode OPCODE2
(depends CPIPE2s)
(line 7 CPIPE2s<0> CPIPE2s<1> CPIPE2s < 2> CPIPE2s<3>
CPIPE2s<4> CPIPE2s<5> CPIPE2s<7>)

(doc ”gives symbolic representation of the numerically represented
opcode at the output of the second stage of the control pipe”)

{update

(If (numberp (Plus (Bits 5 0 CPIPE2s)(Lsh (Bits 7 7 CPIPE2s) 6))) ;include

:bit that differentiates jmp from call
then (numtosymbopcode (Plus (Bits 5 0 CPIPE2s)(Lsh (Bits 7 7 CPIPE2s)6)))
else UNK

)
)
)

(defnode smOPCODE2

(depends CPIPE2s)

(line 2 CPIPE2s<5> CPIPE2s<7>)

(doc "same as OPCODE2 but for jumps and calls only”)

(update
(If (numberp (Plus (Bits 5 5 CPIPE2s)(Lsh (Bits 7 7 CPIPE2s) 1)))
then (numtosymbopcode (Plus (Bits 5 5 CPIPE2s)(Lsh (Bits 7 7 CPIPE2s) 1))
else UNK)))

:NOTE: Bit 31 of the incoming instructin is checked by the illegal
; opcode logic to be certain it is a 0.
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The easy wat to do the following node is to just set this node high
. when OPCODEI goes unknown, but that would not allow for expansion into
; aPLA '

.
’

(defnode pillegalope
(depends OPCODE1 smOPCODE1 CPIPEls)
(doc ™illegal opcode signal that is a direct output of illpla”)
(class illpla external)
(update ,
(Or (numbtosymb (Bits 9 9 CPIPE1s)) ;instr bit 31
(Not (Or (Memq OPCODE1
"(flush ret0 retl ret2 ret3 ret4
ret5 ret6 ret7 SKIP TRAP
load7 load6 load5 load4 load3 load2 loadl load0
store7 storeb store5 stored store3 store2 storel store0
srl sra insert extract add sll sub xor and or skip
trapl trap2 trap3 trap4 trap5 trap6 trap7 load loadm
loadc store storem))
(Memq smOPCODEL ’(call jmp)))))

)
)

(defnode illegalopc
(depends phi3)
(update

(If3way phi3
pillegalopc
illegalope
UNK)))

(defun Memgq (item list) :same function as LISP memq, except that
it is 3 valued (UNK ON OFF)
(cond ((unknownp item) UNK)
((memgq item list) ON)
(t OFF)))

;**************#******************************************************

H

: Numeric to Symbolic opcode correspondence

) .
;***********************************************t*********************

(setq numericopcenc '( (#0104 flush) (#0140 srl)
(#0105 TRAP) (#tol51 sll)
(#0106 SKIP) (#0142 sra)
(#0144 xor)
(#0110 ret0) (#0146 and)
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;*******************************************************#********

:SOAR A,B,D,L, S and DATABUSIn bus descriptions PFF
7 nodes

’
. Instead of using the mysterious affects clause to update

. busses, simply define a bus as a node with infinite capacitatnce

: (memory), and list all the sources to the bus here.

. NOTE: if any of the sources to the bus should be changing while
; it is driving the bus (this is generally true if the

; source is some block of combinational logic(SXT), or if a
:latch is fall through) , that node must

; be put in the depends list to insure that it is placed on

; the eventq and evaluated before the bus. is.

;***************************************************************

;***#*****#************‘

; busD

+ note: master of PC opens on phi3, but slave doesn’t opén until
; phil, so PCtobusD should enable stable slave data.

. DSTtobusD  activeon phi3 (phi2 for forwarding)

; readPCtoA ? phi2

. readTBtoA ” phi2

; readSWPtoA ” phi2

; lastPCtobusD ” phi3

;#*************************#*************
(defnode busD
(depends phil DSTtobusD readPCtoA read TBtoA readSWPtoA
lastPCtobusD ) ;muxedDST PCs lastPCs TBs omitted
(doc "The D bus, precharged on phil, mainly used as a result write path”)

(update . :
(conflict phil DSTtobusD readPCtoA readTBtoA readSWPtoA ; only one can
lastPCtobusD ) ; be busy at once
(If3way phil
-1 ;precharge
(If3way DSTtobusD ;no need for precharge check, strong drivers

muxedDST -write ALU result or forward
(If3way readPCtoA
(Logand busD PCs) ;read PC



-use Logand as bus tie is only
;a pulldown
(If3way lastPCtobusD
lastPCs ;save PC on a call

(If3way readTBtoA
(Logand busD TBs) ;read TB
(If3way readSWPtoA
(Logand SWPs busD);read SWP
busD ;retain old value

UNK
)
UNK
)
UNK
)
UNK
)
UNK
)
UNK
)
)
)
;*********************************************
; busB
; SRC2 bus through register file. This bus receives
; complimented date from/for reg read/writes
- readRFaccessB ” phi2
: busDtobusB ” phi3
: LOADLtobusB ~ phi2,phi3
;************************************#********
(defnode busB
(depends readRF accessB busDtobusB LOADLtobusB busD
phil RFinmuxB) ;LOADLSs omitted

(doc "the B bus, precharged on phil, mainly used for operand reads
and writes, and stores”)

(update

(conflict phil busDtobusB LOADLtobusB)

(If3way (And readRFaccessB (Or busDtobusB LOADLtobusB))
(warning "illegal source to busB during read”)
OFF
UNK)
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(If3way phil
-1 ;precharge
- (If3way busDtobusB  ;strong drivers
(Comp busD) ;reg write
(If3way readRFaccessB
(If (numberp RFinmuxB)
then
(Logand busB (Comp (rf RFinmuxB))) ;Reg read
else UNK)
(If3way LOADLtobusB ;write LOAD/PTR toREG store data
;into reg file
(Comp LOADLs) ;strong drivers!!!
busB ;retain old value
UNK)
UNK)
UNK)
UNK)))

o s ok ok 3k 3k ok ok ok o ok ok ok ok ok ok 3k ok 3k ok 36 o Kk ok ok ok ok ok 3k ok o ok ok ok ok ok ok ok ok o ok ok ok ok o ok ok ok ok sk ok ok ok ok ok ok

bus A
XREG or SRC1 bus through register file

. readRFaccessA active on phi2

;  busDtobusA ” phi3

:  SHBtobusA » phi2

; SHAtobusA ? phi2

;: LOADLtobusA ” phi2,phi3
;  busStobusA ” phi2

;***********************************#***********************

(defnode busA :
(depends phil readRFaccessA busDtobusA SHBtobusA SHAtobusA
busD busS RFinmuxA LOADLtobusA busStobusA Alzero)
(doc "the A bus, precharged on phil, mainly used for operand reads/writes ”)
(update -
(conflict phil busDtobusA SHBtobusA SHAtobusA LOADLtobusA busStobusA)
(If3way (And readRFaccessA
LOADLtobusA)
(warning ”illegal source to busA during read”)
OFF UNK)
(If3way phil
-1 ;precharge
(If3way Alzero
0
(If3way busDtobusA
busD ;Teg write
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(If3way SHBtobusA
(Logand busA SHB) ;read shadow register
(If3way busStobusA
(Logand busS busA)
(1f3way SHAtobusA

(Logand busA SHA)
(If3way readRFaccessA
(If (numberp RFinmuxA)
then (Logand busA (rf RFinmuxA))
else UNK)
(If3way LOADLtobusA
LOADLs
:strong drivers!!!
busA
:retain old value
UNK)
UNK)
UNK)
UNK)
UNK)
UNK)

;******************************************************

;Bus L
This is the bus on which data leaves or enters the processor. .

Ideally, the A or B bus should be used for this, with data '

entering and leaving on the left side of the register file array.

This scheme would be OK if it weren't for the nasty store instruction.

Stores require a SRC , a register, and an immediate offset all

to be read out during phi2 of the second cycle. The only way to

accomplish this is to have the A bus provide the SRC to the SRC

latch, the B bus provide the register to the INB latch, and a third

bus (the L bus) provide the immediate date to the INB latch.

SXTtobusL active on  phi2,phi3
LOADLtobusL active on  phi2-phi3 ;for stores

.
1
.
’
.
?
.
?
.
’
H
’
.
?
.
b
.
?
.
?
’
)
b}

‘************************************************************

(defnode busL
(depends SXTtobusL LOADLtobusL phil phi2 ) ;SXT LOADLSs omitted
(doc "the L bus, precharged on phil, used for getting data in and out
of the main data path”)
(update
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(conflict phil SXTtobusL LOADLtobusL )
(If3way phil
-1 ;precharge
(If3way SXTtobusL
(Logand SXT busL) : immediates (on phi2)
(If3way (And Alzeroforce phi2) ;calls, jumps
(Logand DIL busL)

(If3way LOADLtobusL
(Logand busL LOADLs) ;stores
busL ;retain
UNK
)
UNK
)
UNK
)
UNK
)
)
)

;*******************************************************************
. :
; S BUS

: S bus is used to get special registers CWP, PSW, shDST & shOPC
- into the datapath on reads. It dumps onto the A bus. These special
- registers can therefore be used with immediates.

?

(defnode busS
(depends readCWPtoA readPSWtoA phil) ;PSW, CWPm shOPC, shDST
:omitted ’ ‘
(doc "special register read bus”)
(update
(If3way phil
-1 ;precharge
(If3way readCWPtoA
(Logand busS (Lsh CWPm 4))
(If3way readPSWtoA ;get PSW shOPC and shDST
(Logand busS
(Logor (Lsh PSW 5)
(Logor (Lsh shOPC 8) shDST)))
busS
UNK

)
UNK



379

;*****#************************#**************#**********************

; Databus In

’

: Note: the phi3 dependence is not really necessary, it is just included
; because read data is not expected to become valid until some

; time in phi3.

(defnode IN
(depends phi3 RD_WR extaddrmux phil phi2)
(update
(If3way (And phi3 RD_WR)
(memory_read extaddrmux)
- IN
UNK)))
(defnode DATABUSin
(depends phil phi2 phi3 RD_WR busL IN)
(update
(If3way (Not RD_WR)
busL
~ (If3way RD_WR
IN
DATABUSin
UNK)
UNK)
)

)
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;*********##************************************#**************

: SOAR datapath (excluding register file & ALU) JMP, PFF

’ . .
;***********************************************#************

;****************#*****#************************##************#****
: ALU input latches (A and B)

!

. INBm now feeds the alu logic (the slave latch has been bypassed)
. don’t open up INBm during load/store multiple so that an arbitrary
: EA decrement can be retained (very useful for Bit BLT)

(defnode INBm
(depends phi3 phi2 busL busB busLtoINB busBtoINB)
(doc ALU input register B master. Loaded on phi2, refreshed from slave
on phi3. If SXT is being dumped onto the L bus, then INB must be

the destination ”)

(update
(conflict busLtoINB busBtoINB)
(If3way phi3

INBm ;refresh

(If3way busLtoINB
busL ;take immediate data, or new pc value (-1) on calls
; and jumps
(If3way busBtoINB :
(Comp busB);take read data and true the inverted bus
INBm  ;retain old value
UNK)
UNK)
UNK)))

(defnode INAm :
(depends phi3 busA busAtoINA busDtoINA busD)
(doc "ALU input register A master, loaded on phi2, refreshed on phi3”)
(update
(conflict busAtoINA busDtoINA)
(If3way phi3
INAm ;refresh
(If3way busAtoINA
busA  ;take read data
(If3way busDtoINA
busD
INAm
UNK)
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UNK)
UNK)))

;******¢*#*******************************¢******:**
:DST latch loaded from ALU on phi3. Must source writé date during the

following phi3. So master loads on phi3, slave loads on phil,
refresh on phi2. :

; The DST latch provides the register address for PTR to REGISTER
. addressing in the CWP logic. :

(defnode DSTm
(depends ALU phi3 phi2) ;WAIT DSTs omitted
(doc "Destination latch. Holder of ALU results generated during phi3,
to be written to the register file during the following phi3™)
(update
(I{3way phi2 '
DSTs ;refresh
(If3way (And phi3 (Not WAIT))
ALU
DSTm
UNK)
UNK)))

(defnode DSTs
(depends phil) ;DSTm omitted
(update
(If3way phil
" DSTm ;take master date
DSTs
UNK

)

(defnode muxedDST

(depends nillonreturn DSTs)

(doc mux which selects between the DSTs and the nill value
to be driven onto the D bus through the DST push pull
drivers”)

(update

(If3way nillonreturn
(Lsh 11 28)
DSTs
UNK)))

;************************************************************
: The A and B bus shadow registers



: The B bus shadow register should also shadow the L bus when
; an immediate value is used.

(defnode SHB
(depends busB phil busL busLtoSHB busBtoSHB)

(doc "bus B shadow register, master loaded on phi2 or phi3,
refresh on phil”)
(update
(conflict busLtoSHB busBtoSHB)
(If3way phil
SHB ;refresh
(If3way busLtoSHB
busL  ;take bus data
(If3way busBtoSHB
(Comp busB) ;remember B is an inverted bus!

SHB ;retain
UNK
)
UNK
)
UNK
)
)
)
(defnode SHA

(depends busA phil busAtoSHA)
(doc "bus A shadow register, master loaded on phi2 or phi3,
refresh on phil”) i
(update |
(If3way phil
SHA ;refresh
(If3way busAtoSHA
busA ;take bus data
SHA
UNK

UNK

)
)
)

SRR R Rk
: The destination field shadow latch

?

382



- note: shDST takes DST1s during phi2 as per the generation

of busSHADOW

’

(defnode shDST

383

(depends phil busSHADOW DSTls writetoPSW) ;RESET DSTs omitted
(doc ”Destination pipe shadow register”)

(update

(conflict busSHADOW writetoPSW)

(If3way RESET ;slang hack only so that the ”PSW” can be

:read and not be UNK. The node does not
:actually depend on RESET!!!!

0
(If3way phil
shDST  ;refresh

(If3way busSHADOW

DST1s

(If3way writetoPSW
(Bits 4 0 DSTs)

shDST
UNK

)
UNK

)
)

;****************************************************

| THE OPCODE SHADOW LATCH

. 8 bits of the 9 bit CPIPEI)

.
?

(defnode shOPC

(depends phi3 CPIPEls busSHAD

(update
(If3way RESET

0 :set shOPC and shDST to something initially

OW) ;RESET omitted

:s0 that when the ’PSW?” is read it will not
:be UNK. Purely a SLANG hack. The node
:does not physically depend on RESET!!!!

- shOPC takes CPIPEls on phi2 as per the generation of busSHADOW
grabs bit 30, the % bit, and the 6 bit opcode (same as the lower



)
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(If3way phil
shOPC ;refresh
(If3way busSHADOW
(Bits 7 0 CPIPEIs) ;don’t shadow immediate bit

shOPC
UNK
)
UNK
)
UNK

)

;******************************************************
: The Data Input and Load data input latches

b
]
L
b
b
’
’
b
,

The DIL holds immediate values, and in the case of call or
jmp, the 28 bit PC value to be loaded into the PC via the
ALU ‘

- We could pull the upper 21 bits of the DIL from the CPIPE1

. SRC and DST latches (this depends on routing). But since the
. DIL LOADL and SXT are going to be physically placed on the
. left side of the register file a full 28 bit DIL is provided.

since SXTtobusL is only active during phi2 and the only place

the DIL goes to is the SXT, it is ok for this latch to be
master only. It shouldn’t matter if the
hardware has a master-slave latch.

(defnode DIL

(depends CPIPE1lload phi2 DATABUSin)
(doc ®Master latch of data/immediate input latch”)
(update

(If3way phi2
DIL ;refresh
(If3way CPIPElload
DATABUSin

DIL ;refain
UNK
)

UNK

)



. A separate latch for incoming LOAD data must be provided so that
- Instruction and immediate data will not be overridden.

. Since incoming data is latched on phi3 and written to the register

. file on the following phi3, this latch is followed by a phil slave

: so that data will not change during the write into the reg file.

y

(defnode LOADLm
(depends DATABUSin phil busB DATABUSintoLOADL phi2 WAIT)
(update
(If3way phil
- LOADLsl1 ;refresh
(If3way DATABUSintoLOADL
DATABUSin
(If3way (And phi2 (Not WAIT)) :busBtoLOADL
(Comp busB) ;get possible PTRtoREG data
LOADLm ;retain
UNK)
UNK)
"UNK)))

(defnode LOADLs1
(depends phi3 WAIT LOADLm)
(update
(If3way (And phi3 (Not WAIT))
LOADLm
LOADLsl1
UNK)))

(defnode LOADLs
(depends phil) ;LOADLm omitted
(update
(If3way phil
LOADLs1  ;take master
LOADLs ;retain
UNK)))

'****************************************************************

-SXT sign extend bit 11 of Data Input Latch (DIL)

- -

NOTE: SXT control signals are critical path signals

~-e we -

" (defnode SXT
(depends DIL CPIPE1s storeSXT) :
(doc "sign extend 12 bit immediate held in Data Input Latch
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(DIL),or pass fast shuffle address on through.
strictly combinatorial”)
(update
(If3way storeSXT
(Logor (Lsh (Bits 22 19 DIL) 28)
(Logor (Bits 6 0 DIL)
(If (eq (Bits 18 18 DIL) 1)
then (Lsh 2097151 7)
else 0)))
(Logor (Lsh (Bits 11 8 DIL) 28)
(Logor (Bits 6 0 DIL)
(If (eq (Bits 7 7 DIL) 1)
then (Lsh 2097151 7)
else 0)))
:sign extend bit 7 and
;move the upper 4 bits of the constan
;into the tag bits :
UNK
)
)
)

;************************************************************

’

‘PC  Program Counter must be master-slave because of the feedback
path throuugh the incrementer. Master takes data on phi3

(this is because the ALU can load the PC), slave takes data

on phil, refresh on phi2. Also note that the PC can drive

the Dbus on phi2 (for relative address calculations) and on

phi3 (for saving the PC value on calls).

'NOTE: there is nothing to prevent both the D bus and the ALU
from inputting simultaneously into the PC! e.g. the user
could be writing to the PC as a general purpose register,
at the same time an effective addr is being written.

ADD RI17,RO,RO
JMP  addr

will crash the PC!

WO WO WE WE WE WE W W WML W We Wwe We we wo

(defnode PCm
(depends busD ALU ALUtoPC PClner phi2 writetoPC RESET phi3) ;PCs omitted
(doc "master latch of program counter, master takes ALU or PC+1
on phi3, slave takes master on phil,
refresh on phi2”)
(update
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(conflict RESET ALUtoPC writetoPC PClncr)
(If3way RESET
#xOffffffo
(If3way phi2
PCs ;refresh
(If3way ALUtoPC
(Bits 27 0 ALU)
- (If3way writetoPC
(Bits 27 0 busD)
(If3way PClIner
(Bits 27 0 (Plus PCs 1));else PC<--PC+1
PCm ;retain
UNK

(defnode PCs :
(depends phil) ;PCm omitted
(update

(If3way phil
PCm
PCs
UNK

)
)
)

(defnode lastPCload
(class cplal external)
(depends WAIT OPCODE]1)

(update
(Not (Or WAIT (Memq OPCODEI1 '(TRAP))))))

(defnode lastPCm
(depends phi2 phi3 WAIT OPCODEL1) :PCs,lastPCs omitted
(doc "PC chain latch, used solely to recover the PC on calls™)
(update
(If3way phi2
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‘ lastPCs  ;refresh
(If3way (And phi3 lastPCload)

PCs
lastPCm  ;retain (Interrlocked)
UNK)
UNK)))
(defnode lastPCs
(depends phil) ;lastPCm omitted
(update
(If3way phil
lastPCm
lastPCs
UNK
)
)
)

;***********************************************************

‘MAL Memory Address Latch master feeds pads, master can take either
. PCs, ALU, or TRAP vector. Slave takes master on phil, refresh
:  occurs on phi2
(defnode trap
(class cplal external)
(depends OPCODE1)
(update .
(Memq OPCODEL '(TRAP))))

(defnode MALm
(depends PCtoMAL phil trap phi2 phi3 ALUtoMAL PCm ALU);TBs TRAPreason
‘MALSs opcmux omitted
(doc "Memory address latch master, can take either PCs, ALU, or
TRAP vector on phi3. Slave takes master on phil, refresh
occurs on phi2”)
(update
(conflict phi2 ALUtoMAL PCtoMAL)
(If3way phi2
MALs ;refresh
(If8way (And trap phi3)
(Logor (Lsh (Bits 27 10 TBs) 10)
(Logor (Lsh TRAPreason 6)
(Bits 5 0 shOPC))) ;form trap vector
. ;|TB base:reason:opcode]
(If3way ALUtoMAL
(Bits 27 0 ALU) ;take EA
(If3way PCtoMAL



PCm ;take PC + 1 (master!)
MALm ;hold old value

UNK
)
UNK
)
UNK
)
UNK
)
)
y
(defnode MALs
(depends MALm)
(update
MALm))

T bbb bttt
“TB  Trap vector base address. This is necessarily a pseudo-static’
; latch because of the need to hold its value over a long period

; of time. This is in addition to making all latches pseudo

; static for chip testability (& ability to WAIT the chip).

; Master loaded on phi3, slave loaded on phil, refresh on phi2.

’

(defnode TBm
(depends phi2 busD writetoTB) ;TBs omitted _
(doc "Trap vector base address latch master. Loaded on phi3 from
the D bus, slave loaded on phil from the master, refresh
occurs on phi2”)
(update
(If3way phi2
TBs ;refresh
(If3way writetoTB
(Lsh (Bits 31 10 busD) 10) ;load new base addr
TBm ;retain

UNK

UNK

)
)
)

(defnode TBs
(depends phil) ;TBm omitted
(update
(If3way phil
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TBm ;take master
TBs ;retain

UNK

)

)
)

;***************************************#**#*******#*******

: PSW Program Status Word

PSW is currently only 2 bits :
PSW<0> Software Interrupt Enable
PSW<1> External Interrupt Enable

(defnode PSW

(depends phi2 writetoPSW phi3 trap RESET) ;DSTs enableINTS omitted

(update
(conflict writetoPSW enableINTS trap RESET)

(If3way

phi2 )

PSW ;refresh
(If3way
writetoPSW
(Bits 6 5 DSTs)

(If3way enableINTS
(Logor PSW 2) :
(If3way (And phi3 trap)
(Logand PSW 1)  ;disable interrupts, we don’t care
:about the other 30 bits
(If3way (And phi3 RESET) ;disable on power up

0 :can’t use logand as above as logand
;with UNK is UNK
PSW
UNK
)
UNK
)
UNK
)
UNK
)
UNK
)
)
)

;**#************************************************************

: SWP  Saved Window Pointer. Full 28 bit pointer
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Master open on phi3, slave takes master on phil, refresh on phi2
SWP is never read on phi2, but is saved into a reg file register
on phi3 and is written into from the DST latch on phi3

-e

(defnode SWPm
(depends busD phi2 writetoSWP) ;SWPs omitted
(doc *master latch of saved window pointer.”)
(update
(If3way phi2
SWPs ;refresh
(If3way writetoSWP
busD
SWPm  ;retain
UNK

UNK

)
)
)

(defnode SWPs
(depends SWPm)
(update

SWPm))

;*************#*********************************#*****************

+Pointer to Register detect logic
:  This logic consists of a subtractor to compare the SWP and the MALs
(MSWP<27:4> - MALs<27:4> - 1)<27:7> =0 and MALs<3> =1

This signal must be valid prior to phi3!!!

“e woe we woe

(defnode pPPTRtoREG

(depends MALs SWPs )

(doc ” Pointer to Register detection logic. Compares MAL to SWP using
a subtractor, checks to see if contents of MAL is a context
object”)

(update

(If (or (unknownp MALs)(unknownp SWPs)) then UNK
else
(If (and (equal (Bits 23 3

(diff (Bits 27 4 SWPs)
(Bits 27 4 MAL:s)

- 1)
(equal (Bits 3 3 MALs) 1))
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then ON else OFF))

)
)

(defnode PTRtoREG
(depends phi2)
(update

(If3way phi2
pPTRtoREG
PTRtoREG
UNK)))

;************#************************************************

: BYTE INSERT/EXTRACT

: INSERT: Destination byte determined by bits 0 and 1 of S2
; takes upper byte of source, other bits zeroed.
: EXTRACT: Upper byte' of destination takes byte of source determined by
; lower 2 bits of S2. Other bits zeroed.
: NOTE: that the master outputs of the input latches are used. This allows
data to setup to the carrychain before phase three.

.
!

(defnode byteEX/INS -
(depends INAm INBm byteEX byteINS EX_INSpass )

(doe *Upper word of byte extractor/inserter, strictly combinatorial,
passes data through unchanged if EX/INSpass == 17)
(update '
(conflict byteEX EX_INSpass )
(setq byteno (Plus (Bits 0 0 INBm) (Times (Bits 1 1 INBm) 2)))
(If3way EX_INSpass
INAm ;pass
(If3way byteEX
(Bits (Minus (Times (Plus 1 byteno) 8) 1)
(Times byteno 8) INAm)
: Extract to low byte, upper three bytes zeroed
(If3way byteINS
(Lsh (Bits 7 0 INAm) (Times byteno 8)) ;Insert low
:byte of INA into the specified byte of
:the dest register. All other bytes
;are zeroed
byteEX/INS
UNK

)



"
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;*********#******************************************************

; SOAR alu description JMP, PFF

?
: XX nodes

: This is borrowed from the RISCII description with significant
. changes. Inputs are taken from the byte extractor/inserter

: as well as the INB input latch.

’
;*****************#********************************************

Note:

BUS VALUES ARE ACTUAL VALUES, REGARDLESS OF BUS POLARITY.

CONTROL-SIGNAL VALUES ARE SYMBOLIC, ASSUMING POSITIVE
POLARITY; ACTUAL VALUES ARE THE INVERSE OF THE
SYMBOLIC ONES FOR SIGNALS OF NEGATIVE POLARITY.

busEXT has symbolic values.

“e we we we ws e

’
.
?

-----— Blprocessed

1
.
?

(defnode pBlprocessed
; (class polarity 1)
(depends selBIbar INBm )
(update
(If3way selBlbar
(Comp INBm)
INBm
UNK)))

(defnode Blprocessed
(depends pBlprocessed CPIPEls)
(update
(Logand (Comp (Lsh (Bits 6 6 CPIPELs) 31)) pBlprocessed)))

(defnode Alprocessed
(depends byteEX/INS)
(update byteEX/INS))




nnnnn carrychain

(defnode carrychain

(doc "the carry-chain status: (CINO Al BI); ON: prech.; other: used”)

(depends prechCCH aluCINbar Alprocessed Blprocessed)

: the value of this node may be ON, UNK, or a list of
. length 3. It may be ON for a fully precharged
carry chain, (ON Al BI) or (OFF Al Bl) for
a carry-chain that has been discharged by the
corresponding inputs, or UNK for a carry-chain
. containing garbage.
(update
(cond ((and (onp prechCCH) (onp aluCINbar))
ON)
(t
(cond ((or (eq carrychain 'ON)
(equal carrychain
‘(,aluCINbar ,Alprocessed,Blprocessed))
(equal carrychain
‘(ON ,Alprocessed,Blprocessed)))
‘(,aluCINbar ,Alprocessed,Blprocessed))

?
?
.
’
.
?
b}

(t

UNK)))))
:---- aluSUM
(defnode aluSUM

(doc "Alprocessed + Blprocessed + aluCIN”)
(depends Alprocessed Blprocessed CPIPE]ls selaluSLL
carrychain prechCCH aluCINbar aluCINtrue)
; (class polarity 1) .
(update
. (cond ((or (onp prechCCH)
(onp (Not (Xor aluCINtrue aluCINbar)))
(not (equal carrychain
‘(,aluCINDar ,Alprocessed ,Blprocessed))))
"UNK)
(t

(If (and (onp selaluSLL) (equal (Bits 6 6 CPIPEls) 1)) ;leave

:bit 31 0 on a left shift of a smallint
then (Logand (Comp (Lsh 1 31)) (Plus (Plus
' : Alprocessed Blprocessed)

395
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(symbtonumber aluCINtrue)))
else (If (and (numberp Alprocessed)(numberp Blprocessed))
then (+ Alprocessed Blprocessed ;use + so that a
sfixnum will always result
(symbtonumber aluCINtrue))
else UNK))))))

(defnode aluZout .
(doc ”signal which indicates aluresult is zero. Used as an
input into condpla”)
(depends ALU)

(update
(Equal ALU 0)

)
)

' ALU, ALUtoD

(defnode pALU '
(doc "the output of the ALU (combinational node -- no latch)”)

(depends aluSUM Alprocessed Blprocessed shiftAbus30 shiftAbus31
selaluSUM selaluXOR selaluOR selaluAND aluselSR
passALU )

(update

(conflict selaluSUM selaluXOR selaluOR selaluAND aluselSR
passALU)
(If3way
selaluSUM
aluSUM
(If3way
selaluXOR
(Logxor Alprocessed Blprocessed)
(If3way selaluOR
(Logor Alprocessed Blprocessed)
(If3way selaluAND
(Logand Alprocessed Blprocessed)
(If3way aluselSR ;Or of selaluSRL selaluSRA
(Logor
(Logand (Comp (Lsh 3 30)) ;just to be safe
(Lsh Alprocessed -1))
(Logor (Lsh (symbtonumber shiftAbus30) 30) --
(Lsh (symbtonumber shiftAbus31) 31)))
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(If3way passALU ;pass byte insert/ext data

Alprocessed
UNK
UNK)
UNK)
UNK)
UNK)
UNK) :
UNK)))
(defnode ALU ‘
(depends pALU CPIPEls)
(update

(Logand (Comp (Lsh (Bits 6 6 CPIPE1s) 31)) pALU)))

.- control of CARRY-CHAIN

.
’

(defnode prechCCH
(doc "control: precharge the carry-chain”)
(depends phi2 phi3)
; (class polarity 1)
(update '
(If3way phi2
ON
(If3way phi3
OFF -
prechCCH
UNK)
UNK)))

)
: Since there is no carry PSW bit, carryin must be explicitly controlled
; by the opcode

b}

(defnode aluCINbar .
(doc »ALU CINbar. Must be high while prechCCH. Slang val.= real val.”)
(class xcplal external)
(depends phi3 OPCODE1 smOPCODE1)
(update .
(Or (Not phi3) (Not (Or (Memq OPCODEL ’(sub loadm storem
load7 load6 load5 load4 load3 load2 loadl
store7 storeb store5 store4 store3 store2 storel
skip trapl trap2 trap3 trap4
trap5 trap6 trap7))
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(Memq smOPCODE1 ’(call jmp)))))

)
)

(defnode aluCINtrue _
(doc ALU carry-in. Whatever when prechCCH; (Not aluCINbar) when op”)
(depends aluCINbar )
(update :
(Not aluCINbar)))

' control of ALU OUTPUT-MUX

.
?

(defnode selaluSUM
(doc "control: select aluSUM for output of the ALU (default mode)”)
(class xcplal external)
(depends EX_INSpass selaluXOR selaluOR selaluAND aluselSR)
(update
(Not (Or (Not EX_INSpass) selaluXOR selaluOR selaluAND aluselSR))))



399

;*****#***#*****************#**************#*****#**************#*********#

; SOAR register file and register file decoding JMP, PFF

!
'**********************************************#*************************

]
:-—--- Register window decoding function

’

: Registers that formerly were accessed using the GET and PUT instructions,

: are now treated as general purpose registers (with some limitations).

: The CWP, SWP, PC, PSW, shDST, SHA, SHB, and TB are assigned global register
; numbers as follows;

’

; "R0O” 16 read/write

; PC 17 read/write

; SHB 18 read/write

; SHA 19 read/write

; SwWp 20 read/write

; TB 21 read/write

; CwWP 22 read/write

; shDST PSW [OPC] 23 read/write (read OPC only)
. while regdecode can handle any reg # between 0 and 31, the
: selection of CWP-1 has already been done so that regdecode
. should now only decode regs > 15 and between 8 and 15.

(defun regdecode (wn rn)
: This function takes a window number (0,...,7) and
: a register number (0,...,31), and translates them
. into a "physical register number” (0,...,79).
; (8 * 8 windows) + 16 globals = 80
; The registers are:
: 15,...,8: overlap with caller (highs)
: (caller window is current window + 1 modulo 8);
: 7,...,0: overlap with callee (lows);
; 3l1,...,16: global.

(cond ((or (not (numberp rn)) (lessp rn 0) (greaterp rn 31)) ; bad rn
'UNK)
((greaterp rn 15) ; global
(diff rn 16))
((or (not (numberp wn)) (lessp wn 0) (greaterp wn 7)) ; bad wn
'UNK)
((and (eq wn 7) (greaterp rn 7))
(plus rn 8))
((lessp rn 16) ; window



(plﬁs (times wn 8) rn 16))
(t "UNK))) ;just in case

. Note that SOAR has no locals!

;---- RAdecoded, RBdecoded, RDdecoded

: the selection of CWP or CWP-1is done here based on bit 3 of the
: incoming reg# to more closely model the physical implementation.

(defnode RBdecoded
(doc the decoded reg-B address; may be: UNK, 0, 1, ..., 79”)
(depends SRC2m1 CWPm decodeEA DSTm cwpmMinusl)
(update
(If3way decodeEA if on, then load EA incase of possible

;ptr to reg store
(If (unknownp DSTm) then UNK
else (regdecode ;don’t bother checking to see if DSTm<3> =1
:as the CWP flip is automatic
(Bits 6 4 DSTm)
(Bits 3 0 DSTm)))
(If (or (unknownp CWPm)(unknownp SRC2m1)) then UNK
else (regdecode
(If (eq (Bits 3 3 SRC2m1) 1)
then CWPm :
else cwpmMinusl) ;select CWP-1 for lows
(If (eq (Bits 4 4 SRC2m1) 1)
then SRC2m1 ;global
else (+ (Logand SRC2m1 #027) 8)))) ;add 8 if
;0 <= SRC2m1 <7

UNK
)
)
)
(defnode RAdecoded

(doc "the decoded reg-A address; may be: UNK, 0, 1, ..., 79”)
(depends SRC1lml CWPm cwpmMinusl)
(update
(If (or (unknownp CWPm)(unknownp SRC1ml)) then UNK
else (regdecode
(If (eq (Bits 3 3 SRC1m1) 1)
then CWPm
else cwpmMinusl)
(If (eq (Bits 4 4 SRCIm1) 1)
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then SRClml ;global
else (+ (Logand SRC1ml #027) 8)))) ;add 8 if

:0 <=SRClml < 7

)
)

(defnode RDdecoded
(doc *the decoded DESTreg address; may be: UNK, 0, 1, ..., 79”)
(depends DST2s CWPs decodeEA DSTs cwpMinusl )
(update
(If3way decodeEA :if on, then load EA incase of possible
.;ptr to reg store
(If (unknownp DSTs) then UNK
else (regdecode :don’t bother to make sure DSTS<3> =1 as
;the CWP flip is automatic
(Bits 6 4 DSTs)
(Bits 3 0 DSTs)))
(If (or (unknownp CWPs)(unknownp DST2s)) then UNK
else (regdecode _
(If (eq (Bits 3 3 DST2s) 1)
then CWPs
else cwpMinusl) ;select CWP-1 for lows
(If (eq (Bits 4 4 DST2s) 1)
then DST2s ;global
else (+ (Logand DST2s #027) 8)))) ;add 8 if
0 <=SRC2s <7
UNK
)

(defnode RFinmuxA
(depends RAdecoded RDdecoded phi2 phi3) _
(doc ”mux to select between decoded read or write addresses”)
(update
(If3way phi2
RAdecoded
(If3way phi3
RDdecoded
RFinmuxA
UNK)
UNK)))

(defnode RFinmuxB
(depends RBdecoded RDdecoded phi2 phi3) .
(doc "mux to select between decoded read or write addresses”)
(update
(If3way phi2
RBdecoded
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(If3way phi3
RDdecoded
RFinmuxB
UNK)

UNK)))

-

:—--—-- the REGISTER FILE

-

“we we weo

(defnode regfile
(doc "the register-file; actual contents are in the array rf”)
(depends phi3 writeRFaccess busA busB RFinmuxA RFinmuxB)
(init (array rf t 80) ;t means type string
(prog (i)
(store (rf 0) 0)
(setqi 1)
loop : initialize rf[i] = 1000%i + 13 ?7?
(store (rf i) 'UNK)
(setq i (1+ 1))
(cond ((lessp i 80) (go loop)))))
(update .
(If3way writeRFaccess  ;only valid during phi3
(progn
(If (and (equal (Comp busA) busB) ;cond probably not necess
(equal RFinmuxA RFinmuxB) ;only write to one reg!
(numberp RFinmuxB})) ;lets be cautious
then
(store (rf RFinmuxB) (Comp busB))
(store (rf 0) 0))) ;keep "R0O” 0
regfile
(warning "REGISTER-FILE: writeRFaccessx is UNK!!!”)

)
)
)

: since some of the above parameters (RFinmuxA busA etc.) can have intermediate
. values during phi3 which could result in false error messages, an error node

. is created which is delayed one clock phase.

: The following nodes are for error detection in the simulation only

(defnode rfwrerr
(depends regfile phi3)
(update

(If3way phi3
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(If (or (and (equal (Comp busA) busB) ;cond probably not necess
(equal RFinmuxA RFinmuxB) ;only write to one reg!
(numberp RFinmuxB)) ;lets be cautious

(and (equal RFinmuxA 0)(equal RFinmuxB 0))) ;don’t flag an
serror if the write is to RO. This way
:the busDtobusA and busDtobusB control
-signals won't have to include the
;flush opcode in their definitions.

then OFF else ON)
OFF
UNK

)
)
)

(defnode rfwrerrcheck
(depends phil) ;rfwrerr omitted
(update
(If3way (And phil rfwrerr)
(warning ”Error on register file write”)
OFF
UNK

)
)
)

(defnode SRClequall6
(class apla internal)
(depends SRC1s)
(update

(Equal SRCls 16)))

(defnode readRFaccessA :

(depends phi2 ) ;SRClspecreg SRClequall6 SRClequalDST2 SRCvalid
:DSTvalid omitted
(class apla external)
(doc "drive the word lines with the decoded register address if

there is no register forwarding”)
(update
(And phi2

(Not Alzeroforce)
(Not (And (Not SRClequall6)
" SRClequalDST?2
DSTvalid SRCvalid))) ;forwarding
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)

(defnode SRC2equallb
(depends SRC2s)
(doc ”when is the SRC2 pointing to R0”)
(update
(Equal SRC2s 16)
) .
)

(defnode readRFaccessB
(depends phi2 ) ;SRC2equalDST2, SRC2equalls, SRCvalid DSTvalid omitted .
(class apla external)

(doc "drive the word lines with the decoded register address if
there is no register forwarding”)
(update
(And phi2
(Not Alzeroforce)
(Not (And (Not SRC2equal16) SRC2equalDST?2 DSTvalid SRCvalid)))

;forwarding

)
)

(defnode writeRF access2
(depends OPCODE2 smOPCODEZ2)
(class cpla2 external)
(doc ”drive the word lines with the decoded register address
unless the instruction is )
one which does not do a register write in the third cycle.”)
(update
(Not (Or (Memq OPCODE2 ’(store storem ret0 retl
store7 storeb storeb store4 store3 store2
storel store0 load loadc loadm
trapl trap2 trap3 trap4 trap5 trap6 trap7
ret4 ret5 flush skip SKIP))
(Memq smOPCODE2 '(jmp))))
;but do allow register nill

)
)

(defnode writeRF access
(depends phi3)
(update
(And phi3
(Or writeRF access2 STOREwrite))
)
)
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;***************************#*************************************

: Function to null registers on a return (null the callee’s lows)
. simulation of register nilling capability in the reg file

(defnode nullregs
(depends phi3) ;nillonreturn omitted
(update _
(If3way (And phi3 nillonreturn)
(prog
(entr)
(setq cntr 0)
loop
(If (equal cntr 6) then (return)) ;null O through 6
(If (numberp CWPs)
then (store (rf (regdecode CWPs catr)) (Lsh 11 28)) ;null
;regs by putting an
;Emeritus tag on zero.
else (return))
(setq entr (plus cntr 1))
(go loop))
OFF
UNK

)
)
)

;****#**************************************?***********************
; CWP logic
The CWP logic consists of a master slave main CWP

A mux directs either bits 6-4 of the DSTs,

CWP-1, or CWP+ 1 into the CWP.

The DSTs bits are directed into the CWP when the CWP is written
to as a general purpose register. The DSTs bits are also selected
(instead of the CWP) for input into the decoders whenever there
is a data access cycle (to prepare for a possible PTrtoREG load
or store.) :

The CWPm takes CWPs -1 on a call or trap; and takes CWPs +1

on a ret or reti. Loading the CWPm for these instructions occurs on
phi3 of the second cycle of the instruction. CWP must not change until
phil of the third cycle as there is a result write to be done in the

old window during phi3 of the second cycle.

“@e W WE W We M WM W W W Wwe we wo

(defnode CWPm
(depends writetoCWP RESET changeCWP CWPs changed CWP phi3)



(doc "master latch of CWP”)

(update

(conflict changeCWP writetoCWP )

(If3way RESET ‘for simultation purposes only!!!!

7
(If3way (And phi3 (Not (Or changeCWP writetoCWP)))
CWPs ;refresh
(If3way changeCWP
changedCWP
(If3way writetoCWP ;note: this signal is already
:predicated on phi3
(Bits 6 4 DSTs) ;CWP is DST field of instr
CWPm ,
UNK)
UNK)
UNK)
UNK)
)
(defnode CWPs
(depends CWPm phi2)
(update '
(If3way (And phi2 (Not TRAP)) :CWPstep
CWPm
CWPs
UNK)))

(defnode changedCWP
(depends CWPs changeCWP2t)

(doc ”this is the incrementer/decrementer that increments on reti,

decrements on calls, and otherwise makes CWP-1 avaliable

for decoding”)
(update
(If3way changeCWP2t ; CWPiner
(If (equal CWPs 7) then 0
else (Plus CWPs 1))
(If (equal CWPs 0) then 7
else (Minus CWPs 1))
UNK

)
)
)

(defnode cwpMinusl
(depends CWPs)
(update
(If (equal CWPs 0) then 7

406
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else (Minus CWPs 1))))

(defnode cwpmMinusl
(depends CWPm)
(update
(If (equal CWPm 0) then 7
else (Minus CWPm 1))))
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;*#*****************#************************************************

: SOAR control description JMP

?
;********************************************#************************

: SOAR Control Description
The control pipeline in SOAR is a two stage pipeline. Each stage
in the pipe consists of a master-slave pseudostatic latch which
holds the opcode, the destination field, and possibly one or two
other state bits. The opcode pipe latches are called CPIPEL and
CPIPE2. The output of each control pipe latch feeds a PLA which
generates the control signals. The first stage PLA generates
those signals that control the first two cycles of instruction
execution (I-fetch and PC-RR-ALU). This stage also generates the
signals that control the Load/Store memory access cycle.

The second stage PLA generates only those signals needed to
control the final cycle of instruction execution.

These control PLAs are represented somewhat abstractly in the
SLANG description. Control signals are individually specified,
but the descriptions make use of a facility called OPCODEL and
OPCODE2. These functions decode the output of each stage of the
control pipeline to indicate which instruction is in that stage
of the pipe.

b}
?
?
b
?
]
?
?
?
]
!
H
’
?
)
’
b
?
?

FLUSHING THE PIPE

For the ret instruction, the instruction currently
being fetched should be flushed. (this is known during phil of the fetch
cycle). This can be accomplished by loading CPIPE1m with the flush

)
; opcode (during phi3).
’

When an interrupt is taken, the currently executing instruction is
allowed to finish.

;***********************************************************

(defnode CPIPE1m
(depends DATABUSin phi3 phil CPIPElload TRAPe) ;FLUSHI omitted
(doc "first stage master of two stage control pipeline. MSB bit (bit 9)
is the tag bit for illegal opcode test. Bit.8

is the immediate bit, followed by bit 30, the % bit, and then the
opcode. The % bit is bit 6.”)
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(update
(If3way phi2
CPIPE1m ;refresh
(If3way (And phi3 RESET)
#0204
(If3way CPIPElload
(Logor (Bits 30 23 DATABUSin)
(Logor (Lsh (Bits 12 12 DATABUSin) 8)
(Lsh (Bits 31 31 DATABUSin) 9)))
;take 6 bit opcode field as well as int field (bit)
: Bit 31 is only used for illegal
: opcode test
CPIPE1lm ;retain

UNK
)
UNK)
UNK
)
)
)

;***********************************************i****

(defnode CPIPElload
(class cplal external)
(doc "enables first stage master of control pipe to take incomming data
Must not take incoming data during a data access cycle”)
(depends phi3 TRAP OPCODE1 WAIT RESET FLUSH1)
(update
(And phi3
(Not RESET)
(Not WAIT) ' '
(Not (Memq OPCODEI ’(load7 load6 load5 load4 load3 load2 loadl load0
store7 storeb store store4 store3 store2 storel store0))))
)
)

;************************************************************

(defnode CPIPElloade
(depends OPCODE1 RESET)
(class xcplal external)
(update
(And (Not RESET)(Memq OPCODEL1 ’(load loade)))))

(defnode CPIPElloadm
(depends OPCODE1 RESET)
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(class xcplal external)
(update
(And (Not RESET)
(Memq OPCODEI '(loadm load7 load6 load5 load4 load3 load2 loadl)))))

(defnode CPIPElstore
(depends OPCODE1 RESET)
(class xcplal external)

(update
(And (Not RESET)(Memq OPCODE1 '(store)))))

(defnode CPIPElstorem
(depends OPCODEI1 RESET)
(class xcplal external)
(update
(And (Not RESET)
(Memq OPCODEL1 ’(storem store7 stored store5 stored store3 store2 storel)))))

(defnode CPIPE1flush )
(depends OPCODEI1 RESET)
(class cplal external)
(update
(And (Not RESET)
(Memq OPCODEL ’(ret0 retl ret2 ret3 ret4 retS ret6 ret7 TRAP)))))

(defnode CPIPElstep

(depends OPCODE1 RESET)

(class xcplal external)

(update

(Or RESET

'(Not (Memq OPCODE] ’(load7 load6 load5 load4 load3 load2 loadl
store7 storeb storeb store4 store3 store2 storel
retO retl ret2 ret3 ret4 ret5 ret6 ret?
load loade loadm store storem TRAP))))))

(defnode CPIPE1m1
(depends phi3 phi2 phil CPIPE1m CPIPEtrap CPIPEskip)
(update
(conflict CPIPE1step CPIPElloade CPIPElstore CPIPElloadm CPIPElstorem CPIl
(If3way phi2
CPIPEls
(If3way (And CPIPE1flush phi3)
#0206
(If3way CPIPEtrap
#0205
(If3way (And CPIPEskip (Not CPIPEtrap))
#0206



(If3way (And CPIPElstep phi3)
CPIPE1m
(If3way (And CPIPElloadc phi3)
#0260
(If3way (And CPIPElstore phi3)
#0270
(If3way (And CPIPElloadm phi3)
(Logor #0260 (Bits 2 0 DST1sub))
(If3way (And CPIPElstorem phi3)
(Logor #0270 (Bits 2 0 SRC2s))
CPIPE1ml
UNK)
UNK)
UNK)
UNK)
UNK)
UNK)
UNK)
UNK)
UNK)))

(defnode CPIPEls

(depends phil phi3 CPIPElm1 TRAP skipCONDvalid)
(line 2 CPIPE1s<6> CPIPE1s<8>) ;% and immed bits

(update :
(If3way (And phil (Not WAIT?2))
CPIPE1ml1 ;take master

CPIPEls ;retaom
UNK

)
)
)

. note: in the actuual realization, the immed and oop/int bits won't
; be needed in the second stage of the control pipe.

(defnode CPIPE2m
(depends phi2 phi3 WAIT CPIPEtrap)
:WAIT CPIPEls omitted
(update
(If3way phi2
CPIPE2s ;refresh
(If3way CPIPEtrap
#0204

(If3way (And phi3 (Not WAIT))
(Bits 7 0 CPIPELs)

411
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-take first stage control data
:don’t need Instr bit 31 or the
;immediate bit
CPIPE2m  ;retain

UNK

)
UNK

)
UNK
)
)
)

(defnode CPIPE2s
(depends phil CPIPE2m TRAP)
(update
(If3way phil
CPIPE2m ;take master
CPIPE2s ;retain
UNK
)
) .
)

;********************************************************

’

+ Source and Destination Latches and Load/Store Multiple cycle
; . - decrementer

)
;*********************************************************

: The SRC1 and SRC2 latches each consist of two 5 bit master slave

: latches. Master is loaded on phi3, slave on phil, refresh on phi2.

- In addition to the pads and refresh inputs to the SRC2 master, there
- is an input from the load/store multiple cycle decrementer. When a

- store multiple is in progress, this input is taken on phi3d instead of

: the pads (the incoming instruction). This input is equal to SRC2s - 1.
: The store multiple instruction must then have the "seed” value

: for the store sequence in the SRC2 field .

: The DST1 and DST?2 latches form a four latch set (two master slave latches)
: to delay the destination register field to the register (result) write cycle

: of the instruction. Masters are loaded on phi3, slaves on phil, and refresh

- from associated slave to master occurs on phi2. In addition to the pads

- and refresh input to the DST1 master, there is an input from the load/

: store multiple cycle decrementer. When a load multiple is in progréss, this

. input is taken on phi3 instead of the pads (the incoming instruction). This
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: input is equal to DST1s - 1. The load multiple instruction must then have
- the "seed” value for the load multiple sequence in the DST
; field.

: NOTE: the address 15 must be jammed into the DST pipe on calls to stuff the
. PC into the appropriate register. (the CWP is decremented before the
; PC is saved.)

: Since the shadow registers are disabled during data access cycles, the
- original operands are avaliable should a trap occur.

’ .
- Reg # 0 must always output 0 when read (hardwired to do so), & write data
; to reg 0 must be ignored.

(defnode SRC1m
(depends phi2 DATABUSin CPIPElload) ;SRCls omitted
(doc "master of SRC1 master slave pair”)
(update
(If3way phi2
SRClm ;refresh
(If3way CPIPElload
(Bits 17 13 DATABUSin)
: take SRCI1 field of incoming instruction

SRClm
UNK
)
UNK
‘ )
)
)

(defnode SRCiml
(depends CPIPElstep phi2 SRC1m phi3) :SRC1m omitted
(update

(If3way (And CPIPElstep phi3)
SRClm
(If3way phi2
SRCls
SRCiml
UNK)
UNK
)
)
)

(defnode SRC1s

(depends phil WAIT?2)

(line 5 SRC1s<0> SRC1s<1> SRC1s<2> SRC1s<3> SRC1s<4>)
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(update
(If3way (And phil (Not WAIT?2))
SRC1lml
SRCls
UNK)))

(defnode DST1min
(depends phi3 OPCODE1 WAIT)
(class cplal external)
(update -
(And phi3 (Not WAIT) (Memq OPCODEI ‘(load? load6 load5 load4 load3 load2
load1)))))

(defnode SRC2smin
(depends phi3 OPCODE1 WAIT)
(class cplal external)
(update
(And phi3 (Not WAIT) (Memq OPCODEI1 ’(storem store6 store5 stored store3
store2 store7)))))

(defnode SRC2m
(depends phi2 DATABUSin CPIPElload) ;SRC2s omitted
(doc "Master latch of SRC2 master slave pair”)
(update
(If3way phi2
SRC2m :refresh from self
(If3way CPIPElload
(Bits 11 7 DATABUSin)
: take SRC2 field of incoming instruction
SRC2m
UNK

UNK

)
)
)

(defnode SRC2m1 .
(depends phi3 phi2 SRC2m CPIPE1step SRC2smin)
(update
(If3way (And CPIPElstep phi3)
SRC2m
(If3way SRC2smin
SRC2sub
(If3way phi2
SRC2s
SRC2m1l
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UNK)
. UNK)
UNK)))

(defnode SRC2s
(depends phil WAIT?2) .
(line 5 SRC25<0> SRC2s<1> SRC2s<2> SRC2s<3> SRC2s<4>)
(update :
(If3way (And phil (Not WAIT2))
- SRC2m1
SRC2s
UNK)))

(defnode SRC2sub
(depends phil SRC2s)
(doc ” this node holds the value SRC2s-1”)
(update '
(Minus SRC2s 1)
)
)

(defnode DST1m
(depends DATABUSin CPIPE1load phi2) :DST1s omitted
(doc "Master latch of DST1 master slave pair”)
(update
(If3way phi2
DST1m ;refresh
(If3way CPIPElload
(Bits 22 18 DATABUSin)
; take DST field of incoming instruction
DST1m
UNK
)
UNK
)
)
)

(defnode DST1ml :
(depends phi3 phi2 DST1m CPIPE1step DST1min)
(update
(If3way (And CPIPElstep phi3)
DST1im
(If3way DST1min
DST1sub
(If3way phi2
DST1s
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DST1ml
UNK)
UNK)
UNK)))

(defnode DST1s
(depends phil WAIT?2)
(line 5 DST1s<0> DST1s<1> DST1s<2> DST11s<3> DST1s<4>)
(update
(If3way (And phil (Not WAIT2))

DST1ml

DST1s

UNK)))

(defnode DST1sub
(depends phil)
(doc ”this node holds the value DST1s -17)
(update
(Minus DST1s 1)
)
)

(defnode DST2m
(depends phil phi3 phi2 PCstuffoncall DST2step TRAP) ;DST2s, DST1s omitted

(doc Master latch of DST2 master slave pair”)
(update
(conflict PCstuffoncall DST2step trap)
(If3way phi2
DST2s ;refresh
(if3way PCstuffoncall
15 : take PC stuff address, 15 instead of 7 as the CWP
; will have already changed
(If3way (And phi3 trap) ;
7  :take PC stuff address for TRAP or Interrupt
(If3way DST2step
DST1s ;take slave of first stage
DST2m
UNK)
UNK)
UNK)
UNK)))

(defnode DST2s
(depends phil TRAP) ;DST2m omitted
(line 5 DST2s<0> DST2s<1> DST2s<2> DST2s<3> DST2s<4>)
(update '
(If3way phil
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DST2m
DST?2s
UNK)))

;********************************#*************#*********

; CONTROL PIPE CONTROL SIGNALS

(defnode DST2step

(depends phi3) ;WAIT OPCODE1 smOPCODE1 omitted

(class cplal external)

(doc ”allows second stage of destination addr pipe to take
first stage. Must be held up during data access cycle of
load loadc and store ”)

(update

(And phi3 (Not WAIT)

(Not (Memq smOPCODEL ’(call)))
(Not (Memq OPCODEL1 '(TRAP))))
:s0 PCstuffoncall and this won't conflict

)
)

(defnode PCstuffoncall
(depends phi3 smOPCODE1 WAIT)
(class cplal external)
(update
(And phi3 (Not WAIT) (Memq smOPCODEI1 (call))(Not (Memq OPCODEL '(TRAP)
)
)

;************************************************#*********

. SRCI SRC2 and DST valid signals

(defnode SRCvalid
(class apla internal)
(depends smOPCODE1 OPCODE1 pbusDtoINA)
(update
(Not (Or (Memq smOPCODELI ’(jmp call)) pbusDtoINA))))

(defnode DSTvalid
(class cpla2 external )
(depends OPCODE2 smOPCODE2 )
(doc »indicates when the DST field of the instruction is valid”)
(update
(Not (Or (Memq OPCODE2 ’(skip trapl trap2 trap3 trap4 trap5 trap6 trap7
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flush store load loadc loadm storem store7 stored store5 store4 stored
store2 storel store0 TRAP SKIP))
(Memq smOPCODE2 ’(call jmp))))
:(such as the PC) to be written to
; on powerup
)
)

;***************************************************************
. Accessing the PC as a general purpose register

’

(defnode preadPCtoA
(class apla internal external)
(depends SRC1s SRCvalid)
(doc ”this signal is active when the SRCI field of the instruction
indicates the PC is to be used and the SRC1 field is valid”)

(update
(And (Equal SRC1s 17) SRCvalid)
)
)
(defnode readPCtoA
(depends phi2) ;preadPCtoA omitted
(update

(And phi2 preadPCtoA)))

(defnode pwritetoPC
(class apla2 internal external)
(depends DST2s DSTvalid)
(doc this signal is issued on phi3 when the register to be written to
(as indicated by the DST field of the instruction) is the PC,
and the DST? field is valid”)

(update
(And (Equal DST2s 17) DSTvalid)
) .
)
(defnode writetoPC
(depends phi3) ;pwritetoPC omitted
(update
(And phi3 pwritetoPC)))

;********************************************************************

: Register Forwarding control signals
: Forwarding is disallowed if the register to be forwarded is "RO”
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. since data written to RO is to be ignored.

.
b

(defnode opc2load
(class cpla2 external)
(depends OPCODE2)
(update
(Memq OPCODE?2 '(load0))
) .
)

(defnode SRC2equalDST2
(depends SRC2s DST2s)
(doc ”comparator to see when SRC2s equals DST2s”)
(update
(Equal DST2s SRC2s)

)
)

(defnode SRClequalDST2
(depends SRC1s DST?2s)
(doc ”comparator to see when SRC2s equal DST2s”)
(update
(Equal SRC1s DST2s)
)
)

(defnode pForwardtoINA
(class apla internal)
(doc "normal forwarding from DST latch into the A ALU input latch”)
(depends opc2load SRClequall6 SRClequalDST2 DSTvalid SRCvalid)
(update
(And (Not SRClequall6) SR ClequalDST2
(Not opc2load) DSTvalid SRCvalid)))

(defnode ForwardtoINA
(depends phi2) ;pForwardtoINA omitted
(update

(And phi2 pForwardtoINA)))

(defnode pForwardtoINB
(class apla internal external)
(doc ”normal forwarding from DST latch into the B ALU input latch.
Data source is the LOADL”)
(depends opc2load DSTvalid SRC2equalDST?2 SRCvalid SRC2equall6)
(update
(And (Not SRC2equall6) SR C2equalDST2
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(Not opc2load) DSTvalid SRCvalid)

)
)

(defnode ForwardtoINB
(depends phi2) ;pForwardtoINB omitted
(update
(And phi2 pForwardtoINB)))

(defnode LoadforwtoINA

(class aplal external internal)
(depends phi2 ) ;SRClequalls, SRClequalDST?2, opc2load, DSTvalid,

:SRCvalid omitted
(doc this signal is active if there is register forwarding on a load
Data source is the LOADL”)
(update
(And phi2 (Not SRClequall6) SRClequalDST?2
opc2load DSTvalid SRCvalid)
)

)

(defnode LoadforwtoINB

(class aplal external internal)
(depends phi2 ) ;DST2s, SRC2equalDST2,0pc2load, DSTvalid SRCvalid

:SRC2equall6 omitted
(doc *this signal is active if there is register forwarding on a load”)
(update ‘
(And phi2 (Not SRC2equall6) SRC2equalDST2
opc2load DSTvalid SRCvalid)

)
)

;*******************************#***********#***************

b
: Miscellaneous control signals

(defnode pbusSHADOW
(depends OPCODE]1)
(class xcplal external internal)

(update
(Not (Memq OPCODEI '(load7 load6 load5 load4 load3 load?2 load1 load0

store7 store6 store5 store4 store3 store2 storel store0)))

:don’t shadow during a data access cycle so the original
:operands will remain should a datapagefault occur

)
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) B
(defnode busSHADOW

(depends phi2)  ;pbusSHADOW omitted
(update

(And phi2 pbusSHADOW (Not TRAP) (numbtosymb (Bits 1 1 PSW)))))
: RESET is Ored in here so that the MAL will take the reset PC value (0)

(defnode pALUtoPC
(doc "Load the PC with the newPC+ 1 on calls and jumps”)
(class cplal external)
(depends OPCODE1 smOPCODE1 RESET WAIT)
(update
_(And (Or (Memq OPCODE1 ’(ret0 ret1 ret2 ret3 ret4 ret5 ret6 ret7))
(Memq smOPCODEI1 ’(call jmp)))
(Not RESET)
(Not WAIT))
)

)

(defnode ALUtoPC
(depends phi3) . ;pALUtoPC omitted
(update :
(And phi3 pALUtoPC)))

: In order to prevent direct DC paths to ground. RESET is predicated on
: phi2. IF a reset signal should be required on any other phase, it will
; have to be generated.

; NOTE: RESET must be on long enough for the PC to have transferred to the -
; MALS, and for two instructions to have been fetched in order to fill

:  the pipeline (DST).

(defnode sampledRESET
(depends phil) ;RESETin omitted
(update
(If3way phil
RESETin ;sample the input
sampledRESET
UNK

)
)
)

(defnode pRESET
(depends phi2) :sampledRESET omitted
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(doc "RESET input to be used internally, this signal is valid from
rising phi2 th phi2”)
(update
(If3way phi2
sampledRESET
pRESET
UNK

)
)
)

(defnode RESET
(depends pRESET sampledRESET)
(update
(And pRESET sampledRESET)))

(defnode pPClner
(class cplal external)
(depends RESET WAIT OPCODE1 smOPCODEL1)
(update ,
(And (Not RESET)(Not WAIT)
(Memq OPCODEI1 ’(flush TRAP SKIP insert extract add sub sll
_ skip trapl trap2 trap3 trap4 trap5 trap6 trap?
: or xor sra srl and load0 store0)))
)
)
(defnode PClncr
(depends phi3)
(update
(And phi3 pPClIncr (Not pwritetoPC))))

: NOTE: The Fast Shuffle signal should not go through the control PLA
; as it is a critical path signal.

(defnode FSHCNTL
(doc * Fast shuffle signal, used to control the external memory addr
mux. Should be valid phil, phi2, and phi3.”)
(depends CPIPEls skipCONDvalid)
(update
(Or (numbtosymb (Bits 7 7 CPIPE1s)) skipCONDvalid)
:Route bit 30 of the instruction
;out as the FSHCNTL bit

)
)

: WAIT must be valid before phi3 rises if master latches are to be
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+ * inhibited from taking new instruction data (or the PC is to
. be inhibited from incrementing)

(defnode WAIT1
(depends phi2)
(update

(If3way phi2
WAITin
WAIT1
UNK)))

(defnode WAIT?2
(depends phi2)
(update

(If3way phi2
WAIT
WAIT?2
UNK)))

(defnode WAIT
(doc "WAIT input for internal use. Valid sometime during phi2 ”)
(depends phil WAIT1)

(update

(If3way phil
WAIT1
WAIT
UNK .
)

)

)

‘NOTE: Make sure there no restrictions to this signal!!!

(defnode waitACK
(doc "Wait acknowledge signal.”)
(depends phil) ;WAIT omitted

(update

(If3way phil
WAIT?2
waitACK
UNK
)

)

)

(defnode I_D

(depends OPCODE1)
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(doc output signal which is low when the SOAR is doing a data
access. The external fast shuffle register is conditionally
loaded on this signal.”)
(class xcplal external)
(update
(Not (Memq OPCODE1 '(load7 load6 load5 load4 load3 load2 loadl load0
store7 storeb store5 stored store3 store2 storel store0)))
)

)

: NOTE: ANY node that is dynamic (or not fed by a signal which is
; derived from signals from pseudostatic latches) must examine
; the following node

i(setq waitmax 20)
;(defnode waitent
(doc "counter used by dynamic nodes to determine when they should
become UNK during a WAIT”)
(depends phil) ;waitACK omitted
(update
(If3way waitACK
(If3way phil ’
(Plus waitent 1)
waitent

UNK

e We NS WS WE We NS W W W WME W W W W

~
“eanas’

;***#****************************************************

: BYTE INSERT/EXTRACT CONTROI

’

(defnode EX_INSpass
(doc "active if not byte insertion or extracton. Output of PLA1”)
(class xcplal internal external)
(depends OPCODE]1)
(update
(Not (Memq OPCODEL1 ’(extract insert)))

)

(defnode byteEX
(doc ”high if byte extraction. Output of PLAL")
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(class xcplal external)
(depends OPCODEL1)

(update

(Memq OPCODE]1 ’(extract))
)

)

(defnode byteINS
(doe "high if byte insertion. Output of PLA1")
(depends byteEX)
(update
(Not byteEX)
)
)

;***********************************************

(defnode pALUtoMAL
(doc "Load the Memory Address Latch with an effective address. Also

used to load the MAL with a CALL or JMP address + 1: the
incrementing is done in the ALU. Active on the ALU phase (phi3).”)
(class cplal intérnal external)
(depends phil phi2 phi3 OPCODE1 smOPCODEL WAIT)
(update
(And (Not WAIT)
(Or (Memq OPCODEI ’(retO retl ret2 ret3
: ret4 ret5 ret6 ret7))
(Memq smOPCODE] ’(call jmp))
(Memq OPCODEL '(load7 load6 load5 load4 load3 load2 loadl
store7 storeb store5 store4 store3 store2 storel
loadm loadc load storem store))))

)
)
(defnode ALUtoMAL
(depends phi3) ;pALUtoMAL omitted
(update

(And phi3 pALUtoMAL)))

(defnode PCtoMAL

(class cplal external)
(doc "default input to the MAL. IF there is no trap (or interrupt)condition,

and the MAL is not taking an EA, then the MAL takes the PC”)
(depends phi3 ) ;pALUtoMAL WAIT omitted
(update
(And phi3 (Not WAIT)
(Memq OPCODE]1 '(flush SKIP load0 store0
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skip trapl trap2 trap3 trap4 trap5 trap6 trap?
sra srl or xor add and sub sll extract insert)))

)
)

(defnode pLOADwrite
(class cpla2 external)
(doc ”drives both the A and B busses from the LOADL to write load data into
the register file. Active
during register write phase (phi3).”)
(depends OPCODE?)

(update
(Memq OPCODE2 ’(load7 load6 load5 load4 load3 load2 load1 load0))
)
)
(defnode LOADwrite
(depends phi3) ;pLOADwrite omitted
(update

(And phi3 pLOADwrite)))

(defnode pSXTtobusL
(doc ”drives the L bus with true data from the SXT to transfer immediate
into the ALU input latch (INA)
Active on the register read
phase (phi2). Output of PLAL”)
(class xeplal external internal)
(depends OPCODE1 smOPCODE! CPIPEls)
(update
(And (numbtosymb (Bits 8 8 CPIPEls))
(Not (Memq smOPCODEI ’(call jmp)))
(Not (Memq OPCODEI ’(store7 store6 store5 store4
store3 store2 storel store0))))
:don’t try to drive the L bus with immediate data when
:your using it to output store data

)
)

(defnode SXTtobusL
(depends phi2) ;pSXTtobusL omitted
(update
(And phi2 pSXTtobusL)))

(defnode pLOADLtobusL
(class xcplal external)
(depends OPCODEL)
(update
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(Memq OPCODEI ’(store7 storeb store5 store4 store3 store2 storel store0))

)
)

(defnode LOADLtobusL
(doc ”drives the L bus for stores, must be active through phases phi2
and phi3 of the store data access cycle ”)
(depends phil pLOADLtobusL)
(update
(And (Not phil) pLOADLtobusL)
)
)

: PTRtoREG signal must be valid before phi3!!

(defnode pSTOREwrite :

(doc ”drives both the A and B busses for write into the register file on
Ptr-to-Register store. Active on the register write phase (phi3).
Output of PLAL. Source is the LOADL ”)

(class xcplal external)

(depends OPCODEL1)

(update

(Memq OPCODEIL ’(store0))
)
)

(defnode STOREwrite
(depends PTRtoREG pSTOREwrite)
(update
(And PTRtoREG pSTOREvwrite)))

;******************************************************************

: SWP related control signals

(defnode preadSWPtoA
( class apla internal external)
(depends SRC1s SRCvalid)
(doc »if the SWP is in the SRC1 field of the instruction, this signal
is enabled during phi2 ”)
(update
(And (Equal SRC1s 20) SRCvalid)

)

(defnode readSWPtoA
(depends phi2) ;preadSWPtoA omitted



(update
(And phi2 preadSWPtoA)))

(defnode pwritetoSWP
(class apla2 internal external)
(depends DST2s DSTvalid)

(doc "Indicates the SWP is the target register for a write”)

(update
(And (Equal DST2s 20) DSTvalid)

)

)

(defnode writetoSWP
(depends phi3)  ;pwritetoSWP omitted
(update

(And phi3 pwritetoSWP)))
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;**************,***************************************************

: TB (Trap Vector Base Addr) related control signals

)

(defnode pread TBtoA
(class apla internal external)
(depends SRCls SRCvalid)

(doc "TB (reg # 21) is found in the SRC1 field of the instruction”)

(update

(And (Equal SRCI1s 21) SRCvalid)
)

)

(defnode read TBtoA
(depends phi?2) ;pread TBtoA omitted
(update
(And phi2 preadTBtoA)))

(defnode pwritetoTB
(class apla2 internal external)
(depends DST2s DSTvalid)
(doc "TB is the target reg of a registe write”)
(update
(And (Equal DST2s 21) DSTvalid)

)
)

(defnode writetoTB
(depends phi3) ;pwritetoTB omitted
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(update
(And phi3 pwritetoTB)))

;******************************************************#***********
; CWP related control signals

(defnode preadCWPtoA
(doc ”the CWP is found in the SRC1 field of an instruction”)
(class aplal internal external) -
(depends SRC1s SRCvalid )
(update
(And (Equal SRC1s 22) SRCvalid)

)

(defnode read CWPtoA
(depends phi2) ;preadCWPtoA omitted

(update .
(And phi2 pread CWPtoA)))

(defnode writetoCWP .

(doc "the CWP is found in the DST field of an instruction, so it
must take the contents of the DST reg during phi3 of the
last cycle of the related instruction.”)

(class apla2 external)

(depends phi3 ) ;DST2s, DSTvalid omitted

(update

(And phi3 (Equal DST2s 22) DSTvalid)
)

)

(defnode changeCWP1
(depends smOPCODE1 OPCODE1 WAIT)
(class cplal external)
(update
(And (Not WAIT) (Memq smOPCODEL ’(call))) ;CWP decr
) .

)

(defnode changeCWP
(depends phi3 ) ;changeCWP2t changeCWP1 omitted
(doc *decrement the CWP on a call, increment on a return if the W
option bit (opcode bit 0)is set, make no
changes if SOAR is WAITing”)
(update
(And phi3 (Or changeCWP1 ;CWPdecr



430

changeCWP2t)) ;CWPincr

)
)

(defnode nillonreturn
(depends OPCODE2)
(class cpla2 external)
(doc ”nill callee’s lows if the N option bit (opcode bit 1) is set
on a return. Do the nilling during cycle 3 of the return
insturction before the CWP slave takes the incremented value”)
(update
(Memq OPCODE2 '(ret2 ret3 ret8 ret7))
)
)

(defnode enableINTS
(depends phi3 OPCODEL1 smOPCODE1)

(class cplal external) :
(doc ”reenable interrupts if the I option bit (opcode bit 2) is set
on a return. Interrupts must be enabled as soon as possible
upon a return as the instruction returned to may be one that
traps”)
(update
(And phi3 (Memq OPCODEI ’(ret4 ret5 ret6 ret7)))
)
)

: note that ptr to reg is not supported for load/store multiples

(defnode predecodeEA
(depends OPCODE1)
(class xcplal external)
(update
(Memq OPCODEIL '(load loade store))
)
)

(defnode pdecodeEA
(depends phi3 WAIT)
- (update
(If3way (And phi3 (Not WAIT))
predecodeEA
pdecodeEA
UNK)))

(defnode decodeEA
(depends phil pdecodeEA)
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(doc ”this signal controls the muxes into the register file decoders
to select between data from the instruction or data from and
Effective Address (for possible PTR-to-REG)”)

(update

(If3way phil
pdecodeEA
decodeEA
UNK
)

)
)

;**********#********************************************************#**

; PSW related control signals
; PSW<0> SI enable
; PSW<1> Interrupt enable

(defnode preadPSWtoA
(class aplal internal external)
(doc "read the PSW,shDST, and shOPC onto busA via busS”)
(depends SRC1s SRCvalid )
(update
(And (Equal.SRCls 23) SRCvalid)

)

(defnode readPSWtoA
(depends phi2) ;preadPSWtoA omitted -
(update
(And phi2 preadPSWtoA)))

(defnode writetoPSW
(class apla2 external) '
(doc write into the PSW and shDST as a general purpose register”)
(depends phi3)
(update
(And phi3 (Equal DST2s 23) DSTvalid)
)
)

o s sk sk ok ok s 3k ok o 3k 8 ok o ok ok o ok ok ok o 3k o ok ok ok ok o ok ok ok ok s ok o ok o sk ok ok o o s ok ke o o sk ok ok ok o sk ok ok ok ke o ok ok ok ko ok ok

DSTtobusD is also asserted during phi2 if there is register forwarding.

’
.
)
)
?

(defnode DSTtobusDa2
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(depends pForwardtoINA pForwardtoINB pbusDtoINA)

(doc "output of apla that is used in forming DSTtobusD”)

(class apla external)

(update

(Or pForwardtoINA pForwardtoINB pbusDtoINA) ;increment the Load/Store addr

) »

(defnode DSTtobusD2
(doc "enables DST latch onto the D bus. Used for normal write of ALU
result into the register file.”)
(depends OPCODE2)
(class cpla2 external)
(update
(Memq OPCODE2
'(add sub ret2 ret3 ret6 ret7 srl sll sra
and or xor extract insert)) ))

(defnode DSTtobusD

(depends phi3 phi2) ;DSTtobusD2, DSTtobusDa2

(doc "enables DST latch onto the D bus. Used for normal write of
ALU result into the register file on phi3, and for register
forwarding on phi2”)

(update

(Or (And phi2 DSTtobusDa2)

(And phi3 DSTtobusD2))

)
)

(defnode RD_WR

(doc ”read write control. Always high unless a store. Output of PLAIL
Need not be disabled an PTR-to-Register store as write will be to
an unused portion of register file space in memory. It is also
assumed that a sizeable portion of the register file space will
be locked into core so that unnecessary page faults do not occur
during PTRtoREG stores”)

(depends OPCODEL )

(class xcplal external)

(update

(Not (Memq OPCODEI1 '(store7 store store5 store4 store3 store2

storel store0)))
)

)

(defnode busDtobusA2
(doc ”enables strong bus tie drivers from bus D to bus A. Used during
normal write of ALU result into the register file,
and for saving the PC on calls. Active during
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register write phase (phi3). Output of PLA2.
Also active during phi2 for register forwarding and if one of
the source registers is the PC .”)
(depends OPCODE2 smOPCODE?)
(class cpla2 external)
(update :
(Or (Memq smOPCODE2 ’(call))
(Memq OPCODE2? '(TRAP
add sub and or xor sl srl sra
insert extract
ret2 ret3 ret6 ret7)))
;ret for nilling registers

)
)

(defnode busDtobusAa
(doc ”precursor to busDtobusA that is an output of apla”)
(depends preadSWPtoA preadTBtoA pForwardtoINA preadPCtoA)
(class apla external)
(update
(Or preadSWPtoA preadTBtoA pForwardtoINA preadPCtoA)))

(defnode busDtobusA
(depends phi2 phi3 TRAP) ;busDtobusAa, busDtobusA2 omitted
(update
(Or (And phi3 busDtobusA2)
(And phi2 busDtobusAa))))

(defnode busDtobusB2
(doc ”enables strong bus tie drivers from bus D to bus B. Used during
normal write of ALU result into the register file,
and for saving the PC on calls. For these occasions
it is active during the register write phase (phi3) and is an
output of PLA2.
Is also used for reading the PC for relative address calculations
on loads and stores. Here is is active during the register read
phase (phi2) and is an output of PLAL.
. Also used on phase2 for register forwarding.”)
(depends OPCODE2 smOPCODE2)
(class cpla2 external)
(update
(Or (Memq smOPCODE2 ’(call))
(Memq OPCODE2 '(TRAP add sub and or xor sll srl sra insert extract
ret2 ret3 ret6 ret7)) ;ret for nilling registers
)

(defnode busDtobusB
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(depends phi2 phi3 TRAP) :busDtobusB2 pForwardtoINB
(update
(Or (And phi3 busDtobusB2)

(And phi2 pForwardtoINB))))

(defnode lastPCtobusD
(doc ”enables slave of second latch of program counter chain onto
bus D for PC saves on calls and traps”)
(class cpla2 external)
(depends phi3) ;OPCODE2, smOPCODE2 omitted
(update ‘
(And phi3 (Or (Memq OPCODE2 '(TRAP))
(Memq smOPCODE2 ’(call))))
)

)

;****************#*************************************************
: Shadow register control signals '

!

(defnode pSHBtobusA
(class aplal external internal)
(depends SRC1s SRCvalid ) .
(doc ”enable shadow register B onto A bus if the shadow reg is in
the SRCI field of the instruction”)
(update
(And (Equal SRCI1s 18) SRCvalid)
)
)

(defnode SHBtobusA
(depends phi2) ;pSHBtobusA omitted
(update
(And phi2 pSHBtobusA)))

(defnode writetoSHB
(class apla2 external)
(depends phi3) ;DST2s, DSTvalid omitted
(doc ”write to the SHB as a gen purpose register”)
(update
gAnd phi3 (Equal DST2s 18) DSTvalid)

)

(defnode busBtoSHB
(depends writetoSHB phi2 busSHADOW pbusBtoINB)



(update
(conflict writetoSHB SXTtobusL)
(Or writetoSHB (And busSHADOW pbusBtoINB))

)
)

(defnode busLtoSHB '
(depends busSHADOW pbusLtoINB phi2)
(update
(And busSHADOW pbusLtoINB)
)
)

;**************************

(defnode pSHAtobusA
(class aplal external internal)
(depends SRC1s SRCvalid )
(doc ”enable shadow register A onto A bus if the shadow reg is in
the SRC1 field of the instruction™)
(update
(And (Equal SRCls 19) SRCvalid)
)
)

(defnode SHAtobusA
(depends phi2) ;pSHAtobusA omitted
(update
(And phi2 pSHAtobusA)))

(defnode writetoSHA

(class apla2 external)
(depends phi3) ;DST2s, DSTvalid omitted -
(doc ™write to the SHA as a gen purpose register”)
(update

(And phi3 (Equal DST2s 19) DSTvalid)

)

)

(defnode busAtoSHA
(depends busSHADOW writetoSHA)
(update
(conflict busSHADOW writetoSHA)
(Or busSHADOW writetoSHA)

)
)



;*****************************************
. ALU input latch input control signals

; Note that this signal is very similar to CPIPElload

(defnode busAtoINA
(depends phi2) ;OPCODELI omitted
(update

(And phi2 (Not pbusDtoINA))))

(defnode pbusDtoINA

(class cpla2 external)

(doc ”precursor to busDtoINA that is an output of apla”)

(depends OPCODEZ2)

(update

(Memq OPCODE2 '(load7 load6 load5 load4 load3 load2 loadm
load1 storel load loadc store
store7 store6 stored stored store3 store2 storem})))

(defnode busDtoINA
(depends phi2 ) ; pbusDtoINA omitted
(doc ”take the D bus for EA calculations during a loadm or storem”)
(update
(And phi2 pbusDtoINA)))

(defnode pbusLtoINB

(class xcplal external)

(depends pSXTtobusL Alzeroforce)

(doc "enable L bus into the B alu input latch on the read phase™)

(update

(Or pSXTtobusL Alzeroforce)

;don’t allow

:INB to take date during the data access

;cycles of load loadm store storem loade

) :
)

(defnode busLtoINB

(depends phi2) ;pbusLtoINB omitted
(update
(And phi2 pbusLtoINB)))

(defnode pbusBtoINB
(depends pbusLtoINB pbusDtoINA)
(doc ”enable B bus into the B alu input latch on the read phase”)
(update

- (And (Not pbusLtoINB)(Not pbusDtoINA)) ;don’t allow
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)
)

(defnode busBtoINB
(depends phi2)
(update
(And phi2 pbusBtoINB)))

: The LOADL normally takes the B bus on phi2 for a possible PTR to REG load
. or store. This is the normal mode of operation because it is not

: possible to know if it is a PTRtoREG soon enough to take the B bus

. as the exceptional case. What must be done then, is to prevent the

: LOADL from taking the DATABUSin on phi3 if there is any kind of load

: or store data in the latch.

(defnode pPDATABUSintoLOADL
(depends WAIT OPCODE])

(class cplal external)
(doc "signal to load DATABUSin into LOADL on phi3, overwriting whatever

was taken off the B bus on phi2”)
(update
(And (Not WAIT)
(Not (Memq OPCODE]1 ’(store storem store7 storeb stored store4

store3 store2 storel)))) ;latch holds either normal
:store or PTRtoREG store data

)
)

(defnode DATABUSintoLOADL
(depends phi3)
(update
(And phi3 (Not PTRtoREG) pDATABUSintoLOADLY)))

(defnode storeSXT
(depends OPCODE1)

-(class tplal external)
(doc ™tells the SXT that the immediate data is in the store instruction

format”)
(update
(Memq OPCODEI ‘(store storem))

)
)

;******************************************************************
. busS to busA tie control

(defnode pbusStobusA
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(class aplal external internal)

(depends preadPSWtoA preadCWPtoA)
(update

(Or preadPSWtoA preadCWPtoA)

)

)

(defnode busStobusA
(depends phi2) ;pbusStobusA omitted
(update
(And phi2 pbusStobusA)))

;*****************************************************************

: LOADL to busA and busB tie control

(defnode LOADLtobusA
(depends LoadforwtoINA phi3)  ;pLOADwrite STOREwrite omitted
(update
(Or LoadforwtoINA (And phi3 (Or pLOADwrite STOREwrite)))
) .
)

(defnode LOADLtobusB
(depends LoadforwtoINB phi3) ;pLOADwrite STOREwrite omitted
(update
(Or LoadforwtoINB (And phi3 (Or pLOADwrite STOREwrite)))
) ' :
)

;****************************************************************

(defnode selBlbar

(class xcplal external)

(depends OPCODE]1)

(doc select the complimented output of the ALU input latch B for
a subtract instruction”)

(update :

(Memq OPCODE]1 ’(sub storem loadm skip trapl trap2 trap3 trap4
store7 storeb storeb store4 store3 store2 storel
load7 load6 load5 load4 load3 load2 loadl

trap5 trap6 trap7))
)
)

(defnode selaluXOR
(class xcplal internal external)
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(depends OPCODE1)
(update
(Memq OPCODE1 '(xor))))

(defnode selaluOR
(class xcplal internal external)
(depends OPCODE1)
(update :
(Memq OPCODEI ’(or))))

(defnode selaluAND
(class xcplal internal external)
(depends OPCODEI1)
(update |
(Memq OPCODEL ’(and))))

;****#*#*******************************#********#**************

; More ALU control signals. Unique to SOAR

?

(defnode Alzeroforce
(doc "force O as the A input to the ALU to increment the new PC”)
(class apla internal external)
(depends smOPCODE1 OPCODE1)
(update
(Memq smOPCODE]1 '(jmp call))))

(defnode preadOtoA
(class apla internal)
(depends SRC1s SRCvalid)
(doc ”causes register 16 to be read”)
(update
(And (Equal SRCls 16) SRCvalid)))

(defnode passALU
(doc "pass inserter/extractor results through the ALU")
(depends EX_INSpass) ‘
(update
(Not EX_INSpass)
)
)

(defnode aluselSR
(class xcplal internal external)
(depends OPCODEL1)
(update
(Memq OPCODEI ’(sra srl))))



(defnode selaluSLL
(depends OPCODEL1)

(update
(Memq OPCODE1 (s11))))

(defnode Alzero
(class apla external)
(depends Alzeroforce preadOtoA phi2)
(doc ”zeroes busA”)
(update
(And phi2 (Or Alzeroforce preadOtoA))))
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;**************************************************#********

; SOAR CONDITION CODES IMP, PFF

’
;*************************************************#*********

: NOTE: the ALU performs S1 - S2 when conditions are generated

)
;—-—=- aluCout, aluVout

. If in tagged mode, then bits 30 of both inputs and bit
. 30 of the output are examined to see if there is a carryout.
- Otherwise, the ALU operates as a normal 32 bit ALU

?

CASE:
1  int(30) int(30) result(30) non %
2  int(31) int(31) result(31) %

For effective address calculations, no meaningful carryout or
overflow is generated.

“we We We Ws we we we woe

;********************************************************************
- The following nodes capture the information input to the condition code

: pla so that these inputs will not go invalid before phi2 of the following

. cycle . For clarity’s sake, although a few bits of a bus are to be

: captured, the slang captures the entire bus and then extracts the

: relevant bits using Bits later on.

(defnode AlprocessedMSB
(depends CPIPE1s Alprocessed)
(update
(If3way (numbtosymb (Bits 6 6 CPIPEls))
(numbtosymb (Bits 30 30 Alprocessed))
(numbtosymb (Bits 31 31 Alprocessed))
UNK))) _

(defnode cAlprocessedMSB
(depends phi3 AlprocessedMSB)
(update

(If3way phi3
AlprocessedMSB
cAlprocessedMSB



UNK)))

(defnode BlprocessedMSB
(depends CPIPE1s Blprocessed)
(update
(If3way (numbtosymb (Bits 6 6 CPIPELs))
(numbtosymb (Bits 30 30 Blprocessed))
(numbtosymb (Bits 31 31 Blprocessed))
UNK)))

(defnode cBIprocessedMSB
(depends phi3 BlprocessedMSB)
(update

(If3way phi3
BlprocessedMSB
cBlprocessedMSB
UNK)))

(defnode ALUmsb
(depends CPIPE1s ALU)
(update
(if3way (numbtosymb (Bits 6 6 CPIPEls))
(numbtosymb (Bits 30 30 ALU))
(numbtosymb (Bits 31 31 ALU))
UNK)))

(defnode cALUmsb
(depends phi3 ALUmsb) -
(update

(If3way phi3
ALUmsb
¢ALUmsb
UNK)))

(defnode cselaluSUM
(depends phi3 selaluSUM)
(update

(If3way phi3
selaluSUM
cselaluSUM
UNK

)
)
)

(defnode caluZout
(depends phi3 aluZout)
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" (update
(If3way phi3
aluZout
caluZout

UNK

)
)
)

(defnode ¢cDST1s
(depends phi3 DST1s)
(line 5 ¢cDST1s<0> ¢DST1s<1> ¢DST1s<2> ¢DST1s<3> ¢DST1s<4>)
(update
(If3way phi3
DST1s
c¢DST1s
UNK

)
)
)

;***********************************************************

(defnode aluCout '
(depends cselaluSUM cAlprocessedMSB cBlprocessedMSB cALUmsb)
(class condpla internal)
(update
(And cselaluSUM’
(Or (And cAlprocessedMSB c¢BlprocessedMSB)
(And cAlprocessedMSB (Not ¢ALUmsb))
(And cBlprocessedMSB (Not ¢ALUmsb))))))

(defnode aluVout

(doc "ALU adder overflow, ANDed with selaluSUM. Also true if overflow
on sll in tagged mode.”)

(class condpla internal external)

(depends cselaluSUM cAlprocessedMSB cBlprocessedMSB cALUmsb)

(update

(And cselaluSUM
(Or (And (Not cAlprocessedMSB)(Not ¢BlprocessedMSB) cALUmsb)
(And cAlprocessedMSB cBlprocessedMSB (Not cALUmsb))))))

(defnode aluSout
(class condpla internal)
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(depends cALUmsb)
(update
cALUmsb))

(defnode AinO
(depends Alprocessed)
(update
(Equal Alprocessed 0)))

(defnode cAin0
(depends AinO phi3)
(update

(If3way phi3
Ain0
cAin0
UNK)))

(defnode pCONDvalid
(class condpla external)
(depends aluSout caluZout aluVout aluCout ¢DST1s)
(doc ”combinational output of condpla which indicates a valid
condition”)
(update
(Or (And caluZout (Equal ¢cDST1s #004)) ;EQ
(And (Not caluZout) (Equal ¢cDST1s #005)) - ;NE
(And (Or (And aluSout (Not aluVout))
(And (Not aluSout) aluVout))
 (Equal ¢cDST1s #002)) ;LT
(And (Not (Or (And aluSout (Not aluVout))
(And (Not aluSout) aluVout)))
(Equal ¢DST1s #003)) ;GE
(And (Or (And aluSout (Not aluVout))
(And (Not aluSout) aluVout)
caluZout) _
(Equal ¢DST1s #006)) ;LE
(And (Not (Or (And aluSout (Not aluVout))
(And (Not aluSout) aluVout)

caluZout))
(Equal ¢DST1s #007)) ;GT
(And (Not aluCout) (Equal ¢cDST1s #012)) ;LTU or INO
(And aluCout (Equal ¢cDST1s #013)) ;GEU or OUTO
(And (Or (Not aluCout) caluZout) (Equal ¢cDST1s #016)) ;LEU
(And (Not (Or (Not aluCout) caluZout)) (Equal ¢DST1s #017)) ;GTU
(Equal ¢DST1s #o001) ;always

(And (Or (Not aluCout) caluZout)(Not cAin0) (Equal ¢cDST1s #022));IN1
(And (Or (Not (Or (Not aluCout) caluZout)) cAin0) (Equal ¢cDST1s #023));0UTI1

)



)
)

;********************************#******#******#******

(defnode skipCONDvalid
(depends phi3 phil RESET WAIT2 pCONDvalid skipCONDenable)
(doc ”condition valid signal used internally.”)
(update
(1f3way RESET
OFF
(If3way phi2
skipCONDvalid  ;refresh
(If3way (And phil (Not WAIT2))
(And pCONDvalid skipCONDenable)
skipCONDvalid .
UNK

(defnode lateskip
(depends phi2)
(update

(If3way phi2
skipCONDvalid
lateskip
UNK)))

(defnode CPIPEskip
(depends lateskip skipCONDvalid)

(update
(Not (Or lateskip (Not skipCONDvalid)))))

445
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;************************************************************

; SOAR trap and interrupt handling logic JMP, PFF

H
;**************************************************#**********

The two external interrupts are sampled during phi2, and the

sampled interrupt input is gated into the control PLAs during phi3.
The interrrupt sequence will start on the next phil unless interrupts

are disabled. Interrupts are disabled by the hardware, and are not
reenabled until a reti instruction is executed. The interrupt vector
(which vectors SOAR into a jump table) is formed by the concatenation
of the TB with the cause of the interrupt (this includes the opcode),
and is loaded into the MAL. ‘

Interrupt or Trap vector <TB>:<4 bit “cause”>:<6 bit opcode>

)

’

?

’

; Current ”cause” encoding is;
;0000 Illegal opcode
;0001 Tag TRAP

. 0010  SWI

; 0011 window overflow
;0100 window underflow
;0101 data page fault

; 0110 trap instruction

; 0111 GS trap

;1000 instruction page fault
; 1001  I/O request

The types of tag traps are: :
sk ook ok ok ok ook ok sk ks kR Rk ko

; SHIFT Logic

’

. This is some of the ALU shift function that has been pushed

. into the trap plal to simplify the ALU. Bits 30 and 31 that result
. from a sra or srl in either tagged or non-tagged mode are

; output by the trap plal

(defnode shiftAbus30
(depends Alprocessed OPCODE1 CPIPEls)
(class tplal external)
(doc "bit 30 of result after a srl or sra”)



447

(update
(Or (And (numbtosymb (Bits 6 6 CPIPE1s)) ;tagged mode
(Memq OPCODE]1 ’(sra))
(numbtosymb (Bits 30 30 Alprocessed))) ;repeat sign bit
(And (Not (numbtosymb (Bits 6 6 CPIPEls))) ;untagged mode
(Memq OPCODE]1 '(sra srl))
(numbtosymb (Bits 31 31 Alprocessed)))) ;take sign bit
-note that for. tagged mode srl, bit 30 is 0
) :
)

(defnode shiftAbus31

(depends Alprocessed OPCODE1 CPIPE1s)

(class tplal external)

(doc "bit 31 of result after a sra or srl”)

(update '

(Or (And (numbtosymb (Bits 6 6 CPIPEls)) ;tagged mode
(Memq OPCODEI1 ’(sra srl))
(numbtosymb (Bits 31 31 Alprocessed))) ;retain bit 31 unchanged

(And (Not (numbtosymb (Bits 6 6 CPIPEls))) ;untagged mode

(Memq OPCODE]1 ’(sra))
(numbtosymb (Bits 31 31 Alprocessed)))) ;repeat sign bit

-note that for untagged mode srl, bit 31 is 0

)
)

'*******************************************************************

Interrupt Request fielding logic

The IOINT & pagefINT asynch inputs are handled in the following manner.
The input is gated on phi2 into a static flip-flop. The flip-flop
output is sampled on phi3 (it is held on some node until the following

. phi2). The flip-flip is reset on phil.

b
’
.
?
.
’
?
'
.
!

.
1

(defnode sampledIOINT
(doc ”sampled external IO interrupt. Static flip flop that sees input
during phi2 and is reset during phil”)
(depends IOINTin phil phi2) ;PSW omitted
(update
(1f3way phi2
(And IOINTin (numbtosymb (Bits 1 1 PSW))) ;make sure interrupt is
;enabled
(If3way phil
OFF
sampledIOINT
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UNK
)
UNK
)
)
)

(defnode IOINT
(depends phi3) :sampledIOINT omitted
(update

(If3way phi3
sampledIOINT
IOINT
UNK -

)
)
)

- This asynchronous input is sampled during phi2
: to give the cache logic time to process a page fault

: pagefINTin must be valid sometime during phi2

(defnode sampledpagefINT
(doc "sampled external page fault iinterrupt. Static flip flop that sees

input during phi2 and is reset during phil”)
(depends pagefINTin phil phi2)
(update
(If3way phi2
pagefINTin
(If3way phil
OFF
sampledpagefINT
UNK |

UNK

)
)
)

;********1&***********************************************

; INSTRUCTION or DATA page fault distinguishing logic

*

(defnode datapagefINT
(depends phi3) ;sampledpagefINT omitted
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(update

(If3way phi3 :
(And sampledpagefINT pbusDtoINA)
:to isolate data page fault

datapagefINT
UNK
)
)
)
(defnode instrpagefINT
(depends phi3) ;sampledpagefINT omitted
(update
(If3way phi3
(And sampledpagefINT (Not pbusDtoINA))
instrpagefINT :
UNK
)
)
)

;**********************************************************************
: The following signals are used as inputs to the trap pla, so must

: be captured by the phi2 clock for use during the next cycle

: for clarity, the entire busA and busB are captured (this makes

: the tag trap generation code easier to read), when in reality only

: the upper four bits of each bus is needed.

(defnode tCPIPEls
(depends phi2) ;CPIPEls omitted
(line 2 tCPIPE1s<6> tCPIPE1s<8>)

(update

(If3way phi2
CPIPEls
tCPIPEls
UNK
)

)

)

: busA and busB must be captured before phi3 for use in tag
; trap detection

(defnode tbusA
(depends busA phi2)
(update

(If3way phi2
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busA
tbusA
UNK

)
)

(defnode tbusB
(depends busB phi2)
(update

(If3way phi2
busB
tbusB
UNK

)

;****************************#*****#**#**********************************

; TAG TRAP Logic
Tag definitions:

?

)

; 0 Integer
;1000 Assistant
;1001 Associate
; 1010 Full

; 1011 Emeritus
;1111 Context

; Note : and and or must be used (instead of And and Or) when functions
; return t or nil.

;***********************************************

?
: The following functions convert t or nil to OFF or ON and vica versa.

’

(defun tconv (temp)
(cond ((equal temp nil) OFF)
((equal temp t) ON)
(t UNK)))

(defun itconv (temp)
(cond ((equal temp OFF) nil)
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((equal temp ON) t)
(t nil))

;*******#********#************************************

(defnode notanINT
(depends tbusA tbusB tOPCODE1 tCPIPEls )

(class tpla internal)
(doc ”checks to see if A and B bus are both ints for the add, sub, logical,

shift, skip, and trap instructions. If Immediate mode is used,
then only the A bus is checked. If either operand is not an
int, then this node goes high”)
(update
(Or (And (Not (numbtosymb (Bits 8 8 tCPIPEls)))
(Memgq tOPCODE1
'(sll srl sra add sub xor and or skip
trapl trap2 trap3 trap4 trap5 trapb trap7))
(Or (Equal (Bits 31 31 tbusA) 1)
(Equal (Bits 31 31 tbusB) 0))) :busB is inverted
(And (numbtosymb (Bits 8 8 tCPIPEIls))
(Memgq tOPCODEI1 °(sll srl sra add sub xor and or skip
trapl trap2 trap3 trap4 trap5 trapb trap7))

(Equal (Bits 31 31 tbusA) 1)))))

(defnode loadTRAP
(depends tbusA tbusB tOPCODEI1 tCPIPEls)

(class tpla internal)
(doc ”if the instruction is a load or loade, assert if

(tbusA is an integer and either
(the instruction is an immediate or tbusB is an integer)),

or (tbusA is an OOP and the instruction is not an immediate
and tbusB is an OOP)”)
(update
(And (Memq tOPCODEL ’(load loadc))
(Or (And (Equal (Bits 31 31 tbusA) 0) . A is a small int (SI)
(Or (And (Equal (Bits 31 31 tbusB) 1) ;Bis SI
(Not (numbtosymb (Bits 8 8 tCPIPE1s))))
(numbtosymb (Bits 8 8 tCPIPEls)) ; immediate

)
(And (Not (numbtosymb (Bits 8 8 tCPIPEls))) ; not immediate

(Equal (Bits 31 31 tbusB) 0) ; B is OOP
(Equal (Bits 31 31 tbusA) 1) ; A is OOP
)
(defnode RXint

(depends tbusA tOPCODE1 )



452

(class tpla internal)
(doc ”Since stores can only be immediate,
check the A bus to make sure it is an oop for
tagged mode stores. A trap occurs if the A bus is an int”)
(update
(And (Equal (Bits 31 31 tbusA) 0)
(Memgq tOPCODEIL ‘(store)))

)
)

: RDcontext will always be on during the precharge phase since the context
; flag is 1111 (and its tagged mode)
(defnode RDcontext
(depends tbusB tOPCODEL1 )
(class tpla internal)
(doc ” Check the B bus to see if
the store data is a context. (tagged mode of course)”)
(update *
(And (Memq tOPCODEL ’(store ))
(Equal (Bits 31 28 tbusB) 0)) ;busB is inverted

(defnode ptagcompare

(depends busA busB)

(class tagcompla external)

(doc ”comparison of busA and busB tag bits to be used in the Slolder
trap check the node is high if busB is older than busA. possible
implemented with a subtractor.”)

(update

(Or (numbtosymb (Bits 31 31 busB)) .
(Not (numbtosymb (Bits 31 31 busA)))
(numbtosymb (Bits 30 30 busA))
(And (numbtosymb (Bits 30 30 busB))
(Not (numbtosymb (Bits 30 30 busA)))
(Or (And (Not (numbtosymb (Bits 28 29 busB)))
(Not (numbtosymb (Bits 29 29 busA))))
(And (Not (numbtosymb (Bits 28 28 busB)))
(Not (numbtosymb (Bits 29 29 busA))))
(And (Not (numbtosymb (Bits 28 28 busA)))
(Not (numbtosymb (Bits 29 29 busB))))
(And (Not (numbtosymb (Bits 29 29 busA)))
(Not (numbtosymb (Bits 28 28 busA))))
(And (Not (numbtosymb (Bits 28 28 busB})))
(Not (numbtosymb (Bits 29 29 busB)))))))))



453

(defnode tagcompare
(depends phi2 ptagcompare)
(update

(If3way phi2
ptagcompare
tagcompare

UNK)))

(defnode Slolder
(depends tOPCODEL1 tagcompare)

(class tpla internal)
(doc "store data should be younger than S1, so check to see if busA

is older than busB contents”)
(update
(And (Not tagcompare) (Memq tOPCODEI1 "(store )))
)
)

(defnode nonLIFO
(depends tbusA tOPCODEL1 )

- (class tpla internal)
(doc "check to see if the return address is an OOP, the return addr is

specified in the RM field which is read out on busA”)
(update

(And (Equal (Bits 31 31 tbusA) 1) . .
(Memq tOPCODEL1 ’(ret0 retl ret2 ret3 retd ret5 ret6 ret7)))

)
)

SRR Rk
; enable predicates

(defnode pov_unflow

(class tpla external)
(doc "opcode predicate to ov_unflow that is generated by tpla”)

(depends tOPCODEL tCPIPEls)

(update )
(And (numbtosymb (Bits 6 6 tCPIPEls))(Memq tOPCODEI '(sub add sll)))

:predicate is low if not a tagged instruction

)
)

(defnode skipCONDenable
(depends tOPCODE1)
(class tpla external)
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(doc "signal that indicates the current instruction should look at

condition codes”)

(update
(Memq tOPCODEI1 '(skip))

)
)

;***************#**#******#************##********************

; WINDOW OVERFLOW /UNDERFLOW DETECT LOGIC

?

(defnode winoverflow
(depends changedCWP phi3) ;changeCWP1 SWPs omitted
(doc "Overflow occurs if the CWP is one greater than the SWPs and
a call is about to be made”)
(update
(If3way phi3
(If3way changeCWP1
(Equal changedCWP (Bits 6 4 SWPs))

OFF
UNK)
winoverflow
UNK)
)
)
(defnode changeCWP2t

(depends OPCODE1 smOPCODE1 WAIT)
(class cplal external) ,
(doc "used to catch- windowunderflow before the return has completed”)

(update
(And (Not WAIT) (Memq OPCODEL1 "(ret1 ret3 ret5 ret7)))))

(defnode winunderflow
(depends changedCWP phi3) ;SWPs changeCWP2t omitted
(doc ”Underflow occurs if the CWP is one less than the SWPs and
a return is about to be made and the W option bit is set”)
(update
(If3way phi3
(If3way changeCWP2t
(Equal changedCWP (Bits 6 4 SWPs))
OFF
UNK)
winunderflow

UNK)
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)

;*******************************#****************************

; SOFTWARE INTERRUPT DETECT LOGIC

1

(defnode SWI
(depends phi2) ;Alzeroforce CPIPE1s PSW omitted
(doc ”software interrupt on a call or jmp (fast shuffle instruction)
depends on bit 6 of the CPIPE (normally the % bit)”)

(update .
(If3way phi2 ‘
(And Alzeroforce

(numbtosymb (Bits 0 0 PSW))
(numbtosymb (Bits 6 6 CPIPEls)))
SWI-
UNK

)
)
)

R RRR AR R R R R R R R R R R R Rk
)
: TRAP/INTERRUPT signal generation logic

: NOTE: all tag trap conditions except for Mem(RX+ S2) and overflow/under
; flow are valid at the end

; of phi2.

; No traps or interrupts allowed on power up
;

(defnode TAGtrap

(depends tCPIPEls notanINT loadTRAP RXint )

(class tpla internal external)

(update

(And (numbtosymb (Bits 6 6 tCPIPEls)) ;tagged mode?
(Or notanINT load TRAP RXint)

)
)

(defnode TRAP :
(depends phi3 phil RESET WAIT2 validtrapi GStrap latetrap intTAGtrap
illegalopc SWI winoverflow winunderflow instrpageflINT IOINT datapagefINT)
(update
(If3way RESET
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OFF
(1f3way phi2
TRAP
(If3way (And phil (Not WAIT?2))
(And (Not latetrap)
(Or validtrapi
GStrap
intTAGtrap
illegalopc
SWI
winoverflow
winunderflow
instrpagefINT
IOINT
datapagefINT))
TRAP
UNK)
UNK)
UNK)))

(defnode latetrap
(depends phi2)
(update

(If3way phi2
TRAP
latetrap
UNK)))

(defnode CPIPEtrap
(depends latetrap TRAP)
(update
(Not (Or latetrap (Not TRAP)))))

;***************************************#‘**************#*

: Trap/Interrupt Priority Encoder Logic

!
. Crude priority encoder (Vector assignments as per table
. 6.1 of SOAR architecture document).

]

: The trap pla2 is used for encoding of the trap reason. there
: may be a more efficient way but since the necessary signals
. are already inputs to the PLA, this method was chosen.

: The encoding was only slightly optomized, in the interest of
- minimizing errors. It is assumed POP will do the rest.

(defnode trapinstr
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(class tpla external)
(depends tOPCODE1)
(doc "indicates when a trap instruction is executing, intended to make
the trap reason encoding easier to read”)
(update
(Memq tOPCODEI1 '(trapl trap2 trap3d trap4 traps trap6 trap7))))

(defnode validtrapi
(depends pCONDvalid trapinstr)
(update
(And pCONDvalid trapinstr)))

(defnode GStrap
(depends Slolder nonLIFO RDcontext)
(class tpla external)
(doc "indicates when a Garbage collection/scavenging trap is executing,
is intended to make the trap reason encoding easier to read”)

(update
(And (Or Slolder nonLIFO RDcontext) (numbtosymb (Bits 6 6 tCPIPEls)))

)
)

(defnode intTAGtrap sinternal TAG trap

(depends TAGtrap aluVout pov_unflow)

(doc "logically the same as externally generated TAGtrap signal, except

withought the skip disqualifier. Not a critical path”)

* (update .

(Or TAGtrap (And aluVout pov_unflow))

)

)

;***********************************************#***#****

(defnode TRAPreason0
(depends IOINT instrpagefINT GStrap validtrapi datapagefINT winunderflow
winoverflow SWI intTAGtrap illegalopc)
(class tpla2 external)
(update .
(And (Not illegalopc)
(Or (And IOINT
(Not instrpagefINT)(Not validtrapi)(Not winunderflow)
(Not SWI))
(And GStrap
(Not validtrapi)(Not winunderflow)(Not SWT))
(And datapagefINT
. (Not winunderflow)(Not SWI))



458

(And winoverflow

(Not SWI))
intTAGtrap))
)
)
(defnode TRAPreasonl

(depends GStrap validtrapi datapagefINT winunderflow winoverflow SWI
intTAGtrap illegalopc)
(class tpla2 external)
(update
(And (Not (Or illegalopc int TAGtrap))

(Or (And GStrap
(Not datapagefINT)(Not winunderflow))

(And validtrapi
(Not datapagefINT)(Not winunderflow))
winoverflow
SWI))
)
)
(defnode TRAPreason2

(depends GStrap validtrapi datapagefINT winunderflow winoverflow SWI
intTAGtrap illegalopc)
(class tpla2 external)
(update
(And (Not (Or winoverflow SWI intTAGtrap illegalopc)).
(Or GStrap
validtrapi
datapagefINT
winunderflow))

)
)

(defnode TRAPreason3
(depends IOINT instrpageflINT GStrap validtrapi datapagefINT winunderflow

winoverflow SWI intTAGtrap illegalopc)
(class tpla2 external)

(update :
(And (Not (Or GStrap validtrapi datapagefINT winunderflow winoverflow

SWI intTAGtrap illegalopc))
(Or instrpagefINT IOINT))

)
)

;****************************************************************
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(defnode TRAPreason
(depends phil phi3)
(doc this node collects the four bits out of tpla that form the trap
reason into a single value”)
(update
(If3way phi3
TR APreason ;refresh
(If3way (And phil (Not WAIT?2))
(Logor (symbtonumber TRAPreason0)
(Logor (Lsh (symbtonumber TRAPreasonl) 1)
(Logor (Lsh (symbtonumber TRAPreason2) 2)
(Lsh (symbtonumber TRAPreason3) 3))))
TR APreason
UNK

)
UNK

)
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;********************#********************************#********

: EXTERNAL LOGIC/SIGNALS JMP, PFF

Descnptlon of external inputs so that slang descripion can be
. simulated. This is a temporary kluge.

these nodes are made arbitrarily dependent on one clock phase so
: that they and all their descendents are evaluated only once per
; cycle

(defnode RESETin
(depends phi3)
(update RESETin)

)

(defnode WAITin
(depends phi3)
(update WAIT'in)
)

(defnode pagefINTin
(depends RESETin)
(update OFF))

(defnode IOINTin
(depends RESETin)
(update OFF)

)

~;***************#*******************#***********************

: The following nodes model the external fast shuffle logic

(defnode MALlatch
(depends phil)
(update

(If3way phil
MALm
MALIlatch
UNK)))

(defnode extaddrmux
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(depends FSHCNTL MALIlatch extMALs)

(doc "the external address mux that selects between the
addr output by the chip and the addr latched in an
external latch on the previous instruction fetch.”)

(update
(1f3way FSHCNTL .
(Bits 27 0 MALlatch) ;take the memory addr output from the chip
extMALs :take the external memory addr latch value
UNK
)
)
)

: NOTE: For this extMAL to function properly, traps and interrupts must
; restart the instruction just fetched.
(defnode extMALm

(depends phi3 DATABUSin WAIT) ;I_D omited

(doc "the external memory addr latch”)

(update

(If3way (And phi3 (Not WAIT) I_D) ;only latch if an instruction fetch

(Bits 27 0 DATABUSin) ;get lower 28 bits

extMALm -refresh is not explicitly included here
UNK
)
)
)
(defnode extMALs
(depends phil ) ;extMALm omitted
(update
(Iif3way phil
extMALm
extMALs
UNK
)
)



462

'***********************#*******************************#**********

MEMORY JMP, PFF

“we we we

: The off-chip memory 1s represented in the form of an association-list
: which is the value of the (global) variable: memory_list
. The pairs in the above association list consist of:

A 28 bit integer address (in octal)

A list which represents symbolically the contents of that word

This list can be:

An 8 field instruction
A 2 field integer

The formats of these lists are:

H

b

’

’

; (s1 s2 s3 s4 s5 56 57 s8)

; sl: i for instruction

; s2: the integer representing the assembled value

: s3: % for non-tagged (0), n% for tagged (1) for calls and jumps
; n% means SI on (1)

; % means SI off (0)

; s4: symbolic opcode (ex: reti, add)

; s5: dst reg # (ex: 0, 17, 31) (data src reg for stores)

; s6: srcl reg # (drives busA) .

; s7: i for immediate, ni for not immediate (must be i for stores)
; s8: sre2 reg or immediate data

; immediate data in octal (ex: #00351)

)

]

)

(sl s2)
sl: d for data
s2: data (in octal)

;**************************************************************

: Symbolic to numeric translation

?

(defun memory_s2n (s)

(let ((type (car s)))
(cond

((eq type '1)
(cadr s))
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((eq type 'd)
(If (eq I_D ON)
then
(warning ”attempting to fetch data as an instruction”)
: We do not need/want more than the warning message.
: Otherwise, slang will halt before the last instruction
- has a chance to finish! This causes problems when
: comparing outputs of simulators. It would also cause a
: problem if there is a data word following a return
- instruction: the data word is fetched but not executed.
: Ideally, we want to stop if a data word enters CPIPEls, but
- that would require more logic and- code than I am willing
; to do right now.
: If you want slang to stop without human intervention, the
" only way to do it is by counting clocks.

)
(If (equal (type (cadr s)) 'bignum)
then
(iofb (cadr s))
else (cadr s))))))

; all this goes away

; (If (or (eq (caddr s) 'call)

; (eq (caddr s) 'jmp))

; then (Logor

; (If (not (eq (cadr s) '%))

; then (Lsh 1 29) ;from bit 0 to bit 29

; else 0) : o
; (Logor (Lsh (Bits 5 0 (symbtonumopcode(caddr s))) 23)
; ;opcode

; - (cadddr s))) ;address

; else (Logor

; (Lsh 1 30) ;not a fast shuffle instruction
; (Logor

; (If (not (eq (cadr s) '%))

; then (Lsh 1 29) ;from bit 0 to bit 29

; else 0)

; (Logor (Lsh (Bits 5 0 (symbtonumopcode (caddr s))) 23)
; (4 (If (or (eq (caddr s) 'store)

; (eq (caddr s) 'storem))

; then (Lsh (Bits 11 7 (caddddddr s)) 18)

: -upper 5 bits of constant goe

; ;into normal DST field area

; else (Lsh (cadddr s) 18)) ;normal DST

5 (Lsh (caddddr s) 13) ;SRC1 '

e (If (eq (cadddddr s) i)

= then (Lsh 1 12) :set immed on
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else 0)
(If (or (eq (caddr s) 'store)
(eq (caddr s) 'storem))
then (+ (Lsh (cadddr s) 7)
(Bits 6 0 (caddddddr s)))
else (If (eq (cadddddr s) 'i)
then (Bits 11 0 (caddddddr s))
-beware them negative immeds!
* else (Lsh (caddddddr s) 7)))))))))

”

"

; ((eq type 'd)

; (If (eq I_D ON)

; then

; (warning ”attempting to fetch data as an instruction”)
; (simulationend)

; else

; (If (equal (type (cadr s)) 'bignum)
; then

; (iofb (cadr s))

; else (cadr s))))

; (t UNK))))

;*******************************************************************
: Function to convert bignum to fixnum, courtesey of keith sklower

(defun iofb (arg)

(prog (handy)
(setq handy (bignum-to-list arg))
(setq handy (+ (car handy) (Ish (cadr handy) 30)))

(return handy)))

;*********************************************************************

b
: Symbolic to Numeric opcode correspondence

?

. Note: This opcode assignment is tentative (3/23/83)

; 30 ”opcodes” encoded in 7 bits. MSB bit distinguishes fast
D shuffle instructions

)

;************************************************#********************

(declare (special symbopcenc))

(setq symbopcenc ’(  (flush #o0104)  (srl #0140)
(TRAP #0105) (sl #ol151)
(SKIP #0106) (sra #0142)
(ret0 #0110)  (xor #ol44)
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(retl #olll) (and #o0146)
(ret2 #ol12) (or #o0147)
(ret3 #o113)
(ret4 #o114)  (skip #0120)
(ret5 #ol15)  (trapl #o0121)
(ret6 #ol16)  (trap2 #o0122)
(ret7 #o0l117)  (trap3 #0123)
(trap4 #o0124)
(add #0150) (trap5 #0125)
(sub #0152) (trap6 #0126)
(extract Ffo154) (trap7 #o0127)
(insert #o0156)

(load0 #o0160)  (store0 #o0170)
(loadl #o0161) (storel #ol7l)
(load2 #o0162) (store2 #ol72)
(load3 #0163)  (store3 #o173)
(load4 #o164) (stored Fol74)
(load5 #0165) (store5 #ol75)
(load6 #0166) (storeb #ol76)
(load7 #0167)  (store? #ol77)
(load #o0134) (store #0130)
(loadm #0136) (storem #0132)
(loade #o0135)

(jmp #0001)
(call #0000)))

efun symbtonumopcode(s ;opcode is given In octa
(def b de(s) de is given i 1
(let ((x (assq s symbopcenc)))
(I x then (cadr x) else (If (numberp s) then s else UNK))))

:NOTE: if x is non-nil, then If evaluates
; loadc is the load class instruction

jmp really occupies opcode space o4x, 05x, 06x, o7x
call really occupies opcode space o0x, olx, 02x, 03x

Calli flush, and exception are not user visible.
Flush is forced into the pipe fo flush a currently executing
instruction (on ret, or traps)

!
.
’
o
?
.
'
.
]
.
?
.
’
.
?
’

;**********************************************************************#***

)
; Numeric to Symbolic translation

b



(defun memory_n2s (n)
. (list 'd n))

. MEMORY_INITIALIZE

?

(declare (special memory_list prog_files))

(defun memory_jnitialize ()
< Load the files given in prog_files (in sim.l)
(setq memory_list (list '(#x10000000 (d 0)))) ; dummy
(do ((files prog_files (cdr files)))
((null files))
(load (uconcat 'progs/ (car files)))))

- MEMORY_READ

!

(defun memory_read (addr)
: Return the numeric contents of that location

(let ((pair (assoc addr memory_list))) ; locate pair
(If (null pair)
then 'UNK ; uninitialized

else (memory_s2n (cadr pair)))))  ; contents as numeric datal

(defun MemoryContent (Addr)
: Used by memorycheck, defined by larus.

imemory_read Addr))

(defun smemread (addr)
: Return the symbolic contents of that location

(let ((pair (assoc addr memory_list))) ; locate pair
(If (null pair) ,
then '"UNK ; uninitialized
else (cadr pair)))) ;as symbolic data!

(defun nummemprint ()
(let ((cntr 0))
(do ((port (outfile ’instrfile))
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(inst (assoc cntr memory _list)))

((null inst) (close port))

(cprintf '|%x| (memory_s2n (cadr inst)) port)
(terpr port)

(setq entr (1+ cntr)))))

‘. MEMORY_PRINT

.
H

(defun memprint () ; print the contents of the memory
(let ((addr (- (caar memory_list) 1))}’
(do ((list memory_list (cdr list)))
((null list))
(let* ((pair (car list))
(cont (cadr pair))
(type (car cont)))
(If (not (=& (car pair) (14 addr)))
then (terpri))
(setq addr (car pair))
(If (memgq type (d))
then
(If (bigp (cadr cont))
then (setq cont
(ConvertToPrintBase (iofb (cadr cont))))
else (setq cont (ConvertToPrintBase (cadr cont))))
else (setq type 'i)) :
(princ addr) (princ'| |)
(princ type) (princ’| |)
(prine cont) (terpri)))))

;************************************************************

. RFILE_PRINT

b}

(defun rfprint (cwp)
- Print the window of 8 registers pointed to by the cwp parameter
(let ((startcnt)
(stopent))
(If (eq cwp 'specials)
then
(setq startent 0)
(setq stopent 0)
(setq cwp 0)  ;CWP is immaterial
(printspecials)
elseif (eq cwp 'globals)
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then

(setq startent 31)

(setq stopent 23)

(setq ewp 0) ;CWPis immaterial

elseif (eq cwp ’highs)

then

(setq startent 15)

(setq stopent 7)

(setq cwp CWPs)

elseif (eq cwp 'lows)

then

(setq startent 7)

(setq stopent -1)

(setq cwp CWPs)

else

(setq startent 15)

(setq stopent 7))

(do ((i startent (- i 1))

(temp))

(=& i stopent))

(princ '[Register |)

(prine i)

(princ’| |)

(setq temp (ConvertToPrintBase (rf (regdecode cwp i))))

(If (equal temp UNK)
then (princ 'UNK)
else (princ temp))

(terpri))))

;#**************************************#*********************

(defun printspecials ()

(let (())
(princ ’|OPC,PSW ,shDST |)
(princ
(ConvertToPrintBase (Logor (Lsh PSW 5) (Logor (Lsh shOPC 8) shDST))))
(terpri)
(princ '|CWPs ))(princ (ConvertToPrintBase CWPs))(terpri)
(prince '|TBs |)(princ (ConvertToPrintBase TBs))(terpri)
(princ '|SWPs )(prine (ConvertToPrintBase SWPs))(terpri)
(princ '|SHA |)(princ (ConvertToPrintBase SHA))(terpri)
(princ ’|SHB |)(princ (ConvertToPrintBase SHB))(terpri)
(princ ’|PCs )(princ (ConvertToPrintBase PCs))(terpri)
))

;************#******************#*************************
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(defun RegisterContent (Number)
- Used by registercheck, defined by larus, Pendleton.

(if (eq Number 23)
then (Logor (Lsh PSW 5) (Logor (Lsh shOPC 8) shDST))
elseif (eq Number 22)
then (Lsh CWPs 4)
elseif (eq Number 21)
then TBs
elseif (eq Number 20)
then SWPs
elseif (eq Number 19)
then SHA
elseif (eq Number 18)
then SHB
elseif (eq Number 17)
then PCs
elseif (eq Number 16)
~ then 0
else (rf (regdecode CWPs Number))))

.~ MEMORY_WRITE

?

(defun memory_write (addr data)
: Returns t if successful, and nil iff (unsuccessful) attempt to
; write instruc. '
(let ((pair (assoc addr memory_list)))

(If (null pair) ; not there yet
then
(nconc memory_list ; put it
(list (setq pair (list addr (list 'd 0))))))
; DETERMINE CONTENTS
(If (eq (car (cadr pair)) 'i)
then nil)
; WRITE
(rplaca (cdr pair) (memory_n2s data))
t))

;****************************************

(defnode memorywrite
(depends phi3 ) ;RD_WR, DATABUSin extaddrmux omitted
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(update
(If3way (And phi3 (Not RD_WR))
(If (not (memory_write extaddrmux DATABUSin))

then (warning "self modifying code!!”))
memorywrite

UNK
)



471

| Appendix C
Circuit Block Logic Diagrams

Block Diagram

Datapath-Dataflow

v
StoA
ALUDr
7 Destlatch
Precharge _::__ﬁ G
. rst
SHA e —%‘1—
= E,J\ P(Incr
_lb. S d 7
k—z A lastPC
DestDr
- —H TB
INAm HJ Y
_Ll:fV INBm | —
EX/INB ~
| | SWFcompa}
PrechargeD
I 2 2 .
ALU padk




Block Diagram (cont.)

DataOut}€ Datapath-Control Lines
SXT/DIL J¢ —< 73T ad
Driyerl 2 arrows with only one marked
DIL k terminal come from or go to
LOADL J¢ r‘ control
InputDr Jé
Register }q Decpderge] Driver2
3 .
Precharge [€ 3  StoA le—
SHA [¢ b
river3 2 —Y
SHB ¢ firstPC |
DestDr ¢ PClner_je
¥z 3K : Driver7
INAm M lastPC__ ¢
: Driyer4
INBm [¢ TB
e —
EX/INS € Driy erb Je2- MAL ¢ Driver8 L—/-s—
— >
PrechargeD [€ , SWP_[€
A‘EU le / SWPcompar

ALUDr ¢

Destlatch J&
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-Block Diagram- Control

:’I illpla

111

<

< ]

S o DSTs] et

DSTs -

——S P4W Pogte

« ——
. | condpla
Misc. Logic |4— C

pads pads

I0* PAGE* FSHCNTL*
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DataOut

2 DataOut cells

Vdd vdd

[||130/_4 !|‘_J62/4 —— 3.2pf
busL <o~ [B2/4 %24 1::‘:1.(1 dbin<n>

0/4
=| = ——|[504/4

rd/wr* 0% %i/‘l d_

DataOut cell



store

i SIS

EPS TS

8 SXT1 cel
2 SXT1 cells

il

475

SXT/DIL

storeSXT*
sign extender

32 SXT?2 cells

5
WYY

7 SXTT cells
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SXT/DIL (cont.)

CPIPElload#0 pjz#o

dbin-as shown _Q,D__D_E to sign extender
on previous page

SXT1 cell

SXTtobusL

from sign extender

busL<n> | __busL<n>

SXT?2 cell



DIL

Gt Gt Gt Gt Gad Q) Gt Gud Gt Gnd
opboBEpPPE
IO =S

32 DIL cells

Ot Ot ot Gt
(=] -2=-]-]~
(= ey

CEELELE
0D

CPIPEllqad#1 pl1il#0 phi2j passSXT

|

dbin<n> [ L

C]

busL<n>

DIL cell

dbin<n>
busL<n>

477



478

LOADL

n
1n
1n
in
n
n
1n
1n
1n
n
1n
in
n
1n
& ~
in 32 LOADL cells
1n
n
n
1n
1n
1n
n
mn
n
n
1n
n
n
In
n

DATABUSintoLOADL
VYAIT*#OVYAIT*#lphil 1 LOADLtobusL

LOADL<n>

.

busL<n>

J U
4 busB<n>

LOADL cell
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InputDr
32 InputDr cells
LOADLtobusA \érd LOADLtobusB vdd

=D\ AC

busA<n>
1

{—_busB<n>

LOADL<T C C

InputDr cell



Register File

72x32 register cells 32 register cells

72 register cells

RFtoA<jk> RFtoB<jk>

|

busA< usB<n>

register cell
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Precharge

32 Precharge cells

Vdd PrechargeAB Vdflo‘J zlsl;'gc[argeL vdd

busA<np> E‘ busA<n>
busL<n> busL<n>
busB<n> busB<n>

-

Precharge cell
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SHA

32 SHA cells

busA<n> I ‘

buTtoSHA philT‘T HAtobusA

busA<n>

SHA cell
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SHB

32 SHB cells

busLtoSHB busBtoSHB philj SHBtobusA

busB<nf>,__J_L I;'_
busB<n>

bu3L<M— ’ hlISL<D> )
busA<n> busA<n>

SHB cell
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DestDr

32 DestDr cells

busDtobusA Vdd busDtobusB

\I;rd
C —r_-D"\ /1 busA<n>

__F y\-’ L _busB<n>
busD | C — C

DestDr cell



StoA

6 StoAblank cells

=]
rrrgr
Lo

us : 8 StoA cells

gg Z StoAblank cell
:’1: 3 StoAO cells

u

u

u

u

4 StoA cells

A

busStobusA

usA<n>

busS < as shown above

StoAO cell =
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StoA (cont.)

usStobusA

usA<n>
as shown above

StoAblank cell

preadCWPtoA*
busStobusA

usA<n>

* busS< as shown above

StoA cell
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busDtoINA l:[sAtoINA

busA

INAm

32 INAm cells

H >0

pji?»#o

INAm<n>

I

INAmMm*<n>

busD <051

INAm cell
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INBm

32 INBm cells

busLtoINB l:[tholNB pji:’,#o

busL<n> - J_L.-Do—-D: ‘[j _INBm<n>
b\lSB(nDo_'-—.L_—, INBm*<n>

INBm cell
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EX/INS  ip3 .

|l
=]
~

%*
ex3 ' 3n{ex
2 exl 11121’; 7x
" ex0/in ihi¥ gx
INAm< = Ain<31>
INAm< = _Ain<30>
INAm< = Ain<29>
INAMm<L =1 _Ain<28>
INAm< = Ain<27>
INAm< - _Ain<26>
INAm< - = Ain<25>
INAm < 24351 M - Ain<24>
INAm< =, —Ain<23>
INAm< = _Ain<22>
INAm< - Ain<21>
INAm< - —Ain<20>
INAM<S19> =1 ~Ain<19>
INAm< ' =1 _Ain<18>
INAm< - Ain<17>
INAm<16> L o T T2 Ain<16>
INAm<15> [ JE: - Ain<15>
INAm< 14> fi—h  Ain<14>
INAm<13> . Ain<13>
INAM<12> : hAin<12>
INAm<LL> . Ain<11>
INAm<10> 3. Ain<10>
INAm<Q> .ﬁ;___Ain<9>
INAmM<8&> _n Ain<8>
INAm<Z> in<7>
INAm<G6> <6>
INAm<&> <5>
INAm<4> <4>
INAM<L3> <3>
INAM<2> n<2>
INAm<1> in<1>
INAM<QO> M Ain<0>




EX/INS (cont.)
2 EX/INS cells
EX/T_Spass
INAm<n> L __ _Ain<n>
INAm*<n> Ain*<n>
INBm<n> - Bin<n>
INBm*<n> ' Bin*<n>

EX/INS cell
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PrechargeD

2 PrechargeD cells

PrechargeD Vdd Ain0
1L
busD<n> busD<n>
Ain<n> ig '

PrechargeD cell



ALU

nibble_MSB

nibble

nibble

nibble

nibble

nibble

nibble

nibble

bussel_31

funes

shft_31

sum

bussel_30

funcs_30

. shft_30

sum

bussel

funcs

shft

sum

bussel

funcs

shft

sum

carry

nibble. MSB

bussel

funcs

shft

sum

bussel

funcs

shft

sum

bussel

funcs

shft

sum

bussel

funcs

shft

sum

cari'y

nibble
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ALU (cont.)
selBIbar selBIbar* in*<31>
Ain*<31> l__Ain*<31>
Bin <31 L
E FuncsBin* <31>
Bin"‘<3]_>____::l l_
bussel_ 31

selBlbar selBIbar* in*<30>

Ain*<30 1 __Ain*<30>
Bin <30>.]
E FunesBin* <30>
Bin* <30_}__p F
bussel_ 30

selBIbar selBIbar*

:Ia FuncsBin*<n>

Bin"‘<n>___|':I F

bussel

Bin<n>
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ALU (cont.)

selgluOR Vdd A=B

and<n

. . ! xor<n
Funcs@lg!“é ' ‘D"LD’ED’I —xmor<n>

H L
ALU<n>
funcs_ 30
selaluOR A=B
y T -2adsn2
Funcsﬁﬂa“ << _Do_DoE%_xnor<n>
H | U
ALU<n>
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ALU (cont.)
pafﬂ,[tﬁ ‘j?llaluSR
Ain<3l_>__V_L|
ALU<3L> | ] ALUL31>
shft_31
pjs-ﬂ% ‘ngaluSR
Ain<30> F‘Ll
ALU<L30> } | _ALU<K30>
Ain<30>
shft_30
pTAL <jl¢-at}u>SR
Ain<n.L__._I"L|
ALU<Dn> ] | ALU<Zn>
Ain<n>

shft
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ALU (cont.)
sel lu.Al?E
T selafuXQlf suM
xnor<n>
and<n>J L [L _I_
xor<n>
ALU<<n> ] : ALU<n>
sum Cin*<n>
vdd
— | 4/4

— > 16/4

D1



ALU (cont.)

pd ¥

phig#]g <p%1§%

gn r<n-}-,.’95d'r

nd<n+ta>

xor<n+tid> _

<n4Y‘95dJ-

Xnqr
ana<n-l?23 :

xor<nt2> |

Vddl

BYSES

xor<n+_l.>__.“:

Vddi

>
and<ns

i |

-_ —
Cill*<n>

carry

49

-



498

ALUDr

—ALUB:- 3

30 ALUDr cells

CPIPE1s<6>
U3l

ALU EAbus<31>

= ALUDr. 31

U30
ALU bus<30>

ALUDr_30

ALUCnJDo_Do._EAbus<n>

ALUDr cell



w

EAbuTSL,D_l—LD.,Lﬁ M m

T+42 phil#5 phi2#2

Destlatch

—Bestiatehd &

23 Destlatchl cells

7 Destlatch2 cells

n llonrl]=turn*
n

lopehntin

HC

Vdd

499

EAbus<n>

busD<n>

busD<n>

DestlatchO cell



Destlatch (cont.)

*

500

njllo retuxn
n orv rn#l
WAIT*#2 phil#5 phi2#2 D)STtobusD \E’rd
C L
EAbus<nfS1] M M C
EAbus<n>
busD<Ln> busD<n>
Destlatchl cell
n'llom'etur] *
% aprejurn#1
WAIT* 25| B3 phizgee| | | 1JSTtobusD Vitd
1 ' C
1 C L
EAbu‘[JsLD,. = C
, . EAbus<n>
busD<n> busD<n>

Destlatch2 cell
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firstPC
firstPCblank cells

4 firstPC1 cells

firstPCO cells

resEV 41 UtoPC pl1il#6 phi2j¢l readPCtoA

T

EAbus<n> D,J—L.D,_ E'_ 5
Jenva
& it

DUS

busD<n>

= firstPCO cell =



502

firstPC (cont.)

vldﬁ%% c
i | toPC phil#6 phi2‘=ﬁ_T readPCtoA
q 1
EAbus<n> Do L[> E'_ Pa<n
= PO 2>
' | : s gsus<n>
busD<n> | pusD <n >

firstPC1 cell =

pis[l#ti eadPCtoA
D
e <>

busD<n> i busD<n>

" firstPCblank cell | —
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PClncr

16 PClIncrPair cells

PCIncrOdd cell

PClIncrEven cell

PClncrPair cell



PClncr (cont.)
PClner PCin* <n+1>Vdd
IncrPC<n>___ 1 |
PO T 4
PCin<n>

PClIncrOdd cell

PClner PCin<n+1Vdd
InerPC<n> J1 1

PC<n2 > .. L
DI,

PCin*<n>
PClIncrEven cell

PCin*<0>
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lastPC

2 lastPC cells

lastPCload pb|i1#7 phi2#4 lastPCtobusD

J

busD<n> | _busD<n>

PC<n> T L

lastPC cell
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TB

22 TB cells

0 TBblank cells

writetoTB ph'T#8 phi2':ﬁ—T eadTBtoA

busD<ny I L

7
ot i

TB<n>
busD<n>

TB cell
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TB (cont.)

readTBtoA

busD<n> | busD<n>

TBblank cell
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MAL
>
Y
>
P 2 MAL cells
v
S
-
emn%
eason
eason
e
S
S
s
s
S
s
PCto
[ #0 plj#7
as shown above ﬂﬂ>;>,ib__addr*<n>
EAbus<n} 1L 1}
PCm<iX_______|

MAL cell
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SWP

32 SWP cells

wrijtoSWP phi2#j

busD<n> _J L]

SWP cell



SWPcompare
S‘ D l- Ob

B s s —OMEaia ke

g > —M oddOR._ce
P D> —_— V' evenQR cell

S) > —M oddOR.ce
SWP —CMBeven cell
‘ e —cMbodatakeel
§ p > _—_ﬁ odgln cell

BWbS IPE—— —CMBSddOR e
5> —CMPevenQR cell

—CMboddOR ce
> — VI even cell

¢ > —M odd ce
SWP ! V' even cell
SWP - — V= g\(}gn Rl

SwWp - — &l oddOR_ce
SWP —CMPpeven R cell
SWP LTS —CMPoddOR, cell -
¢ )( < — vl evenpDC cell
BWp 3 —eMbBddiECen

V —_ Mi nve“celf

Vdd

PTRmREG.[!!ll__D_—JTRtoREG*

CMPdrive cell

Sin<4>

L
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SWPcompare (cont.)

Vdd

V|dd in<n+1>

Sin<n>

e

above

*

Y

CWPevenDC cell
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SWPcompare (cont.)

Vdd
Sin<n>>* V|dd e
—||i '_:Z . HC A
| HC H
DU fiee
above — e P T .
= _ PTRtoREG

E

Sin<n>

PRI

above __%_ : 1 ——
- !_I PTRtoREG
CMPevenOR cell —
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AddressOut
2 AddressOut cells
~vad
L||i60/4
0/4 28/4 —L3.2pf
/ Q / T __addrout<n>

addr*< ﬁf‘/ 4

AddréssOut cell
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Decoders

S2window | D2window| Slwindow

Ddecode

PTRmux
S2decode '

Sldecode

muxes

decodefdr——r0
DST2s<n>
DSTs<n> N\

DST2s<n>*
DSTs<nXx*

ecoge.
ecode

SRC2mlgn> T
DSTm<n>
SRC2ml<n>* (1
DSTm<n>*

)|

ST2<n>

I._l_l

1t

ST2<n>*

'j.

»‘I‘J

—!

RC2<n>

RC2<n>*

I

PTRmux
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Decoders- S2wind6w

| §§ g _>° S2ewp<L7>
cWPmd R S2cwp<6>
| P - _>° A S2ewp<5>
CWPmLLI> S2ewp<4>
prmig . , } _S2cwp<3>
->° _S2cwp<2>
S2ewp<1>
_>° M ' S2ewp<0>

SRC2<3>‘] } e

P

| >

D
} S2cwp<8>

SRC2<4>*



* CWPm

Decoders- D2window

B8

516

D2cwp<7>

CWPm

D2cwp<6>

_D2cwp<L5>
_D2cwp<4>

CWPm

phil*

D2cwp<3>

D2cwp<2>

D2ecwp<L1>

D2cwp<0>

DST2 <3>'}

D2cwp<8>

[ I%,}JFLI(L JARAARAAS

DST2<4>*
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Decoders- S1lwindow

sRelmi<as
. _>, Slewp<L7>
!I:g S
CWPmg{2> lewp<6>
I—P*—-' Slewp<5>
CWPmg 1> ->‘ Stewp<d>
CWPmiK_. ->° S1ewp<3>
| > Slewp<2>
_Slewp<1>
),__l_l _Slewp<0>
SRCiml<3>
[ Do— 1
SRClleS* > _Slewp<8>




Decoders- Ddecode

dec3<j,7

D2cwp<j> s
dec3<j,6>
_D= D D° _dec3<j,5>
DST2<2> _> _}_I>°__dec3 <j4>

DST2<2>L{>.
_}_Do_dec3<) 3>

DST2<1>_D:
dec3<j,2>

*
DST2<1>__Da 1 dec3<),1>
DST2<0> >o- D-__Do__dec3<j,0>
DST2<0>*
Vdd
—
nillonreturn#o0.
—C 1
DSte ( —
—
D2cwp<)>-———|'

D
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SRC2<0>*

Decoders- S2decode
S2ewp<ji> dec2<),7>
dec2<j,6>
N
| e H>_dec2 <),5>
SRC2<2> _D= .
dec2<j,4>
%*
SRC2<2>..|>; _}_Do_dec2<j,3>
SRO2<1> >0 .
. ) Do_dec2<3,2>
* .
SrC2<1 >_> _}_D,__ded <j,1>
SRC2<0> _D,,_ .
) D° —dec2<j,0>
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Decoders- Sldecode

Stewp<i> DDt
)n D, __decl<j,6>"
sncmmzbc j
_}_D,_decl <j),%>
SR01m1<2:§= j
decl<),4>
SRClmld:De decl1<j,3>
S
R01m1<1_§= decl<j,2>
SRC1
ml% decl1<j,1>

SRC1ml <Q:§°_

) D" __decl<j,0>
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Decoders- muxes

readA Vdd
phig* —__|C4/4 L

Vdd

decl<jk> |[ 32/4 +—1[f4/20 : _

1 . D,,. RFtoA <j,k>
write =

Vdd
phid* [ 4/4
dec3<jik> |[ 32/4 vdd

dB — - +—1[[4/20 )

rea Vil J_ .FtoB<J;k>
phi2* ____|[C 4/4
dec2<jk> |[" 32/4

4/4 i", i 4/4 :[: .6pf
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PSW

— PSWDr
——PSW<1> cell
—~—PSW<0> cell

gﬁ?glelNTSl*._rj\‘ enableINTs

p* —
%‘M _>= TRAP#1
Rggp’ll*—-—r\. RESET#0
pal L/
})vlll'{gqtoPSWl*——J} writetoPSW#1
phi2* > phi2#9
BE?QQPSWt°A*—‘Dw—[>°———'eadPSWt°A#2

—_— _

PSWDr
el
#gETfo .
Vdd w|nt toPSW#1 ph12:r eadPSWtoA#2
= C
DSTs<B8> T'L_[>o—
_l'_':I I N | PSW<L1>*

busS<A> : busS<6>

= = PSW<1> cell =
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PSW (cont.)

REST#&PSW#I phi2:r) eadPSWtoA#2

ﬁ- PSW<0>*

busS<a> busS<5>

PSW<0> cell
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shOPC

—shOPCDr

8 shOPC cells

1W
busSHADOW #1
Egi‘s §HADO |

BL?%QPSWWAL—JD,_D,__I'eadPSW toA#1
shOPCDr

. busSHADOW#1 philtr eadPSWtoA#1

CPIPEls<n>[ L]

shOPC<n>

busS<n+8> _busS<n+8>
shOPC cell =




shDST
—shDSTDr

shDST cells

wﬂ‘&QtOPSW 1——4|' writetoPSW#0

E%Wussmow#o

phil* phil#10

| B[S%QPSWWA—-‘D,_DO__readPSWtoA#O
shDSTDr

wrlteﬁjli’sqi%%w#o phil#10 readPSWtoA#0

DST1<n3 I

DSTm<aSL__J
busS<n> busS<n>
shDSTcell —
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SRC1

—SRCI1Dr

SRC1 cells

CPIPElload#2
phi2#11
_CPIPElstep#0
WAIT*#3

ngElloadl*

phi2*
. lC)Jlll>i$Elstep"‘___4

\Pml T2

Y \2

Y'Y

SRC1Dr

CPIPElloadg2 PP#{ IPElstep :r#u

dbin<n.-1-_l.3:FLn_>_[>_L‘_L_D¢.f'\_[>,_‘|j
SRCIm1<n>*

RC1ml
SRCI cell > mi<e>
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SRC2
—SRC2Dr
SRC2 cells
%
IC)Jlfig‘;Elloadl _——!} CPIPElload#3
phi2* > phi2412
g}EgQElstep’L__J> CPIPElstep#1
T2
\’mﬁk } WAIT*#4
3 * .

g&g}’snunl-——4> ‘ _SRC2smin

SRC2Dr

SRC2c¢l SRC2decr

SRC2 cell
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SRC2 (cont.)
SRC2sn
CPIPElload#3 4 ElsteRilirssuy pji2#l2
i _I. L—-l S§82s<n>*
in<n+7>M1 D,_D&E__!‘LPD‘,J"LI{},_&_S 25<n>
A SRC2m1<n>*
. SRC2sub<n> 1 D" _____ SRC2mi<n>

SRC2cl

' Vdd
SRGZ 2 ot _Sbin<n+1>
L|>__Sbin<n+1>*
—'[l SRC2sub<n>

SRC2s<n>* 1 |_|

Sbin<n> l .
0

Vi Shirss3-

- _
SRC2decr
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DST1
_DSTI1Dr
DST1 cells
%*
gﬁg&Elloadl ——A_'>_. CPIPElload#4
phi2* : > phi2#13
| gll:i!gEIStep __——‘} CPIPElstep#2
T2
%ﬁk } WAIT*#5
. * .
ghsl’g}mlnl } DST1min
DST1Dr
DSTlcl DST1decr

DST1 cell



DST!I (cont.)
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DST1
CPITlload#«i KI T Els“’?#(ﬁfr*#s pjl2#l3
_ _|. |]__DST1<n>*
dbin<nd:.lBJ~—L_{>o—Do __.DST1<n>
DSTl1sub<n> M
DSTicl
Vdd
B§ N Do Dbin<n+1>
L-Dw-_———Dbln<n+l>*
_I[l DST1sub<n>
DST1<n>* TN
Dbin<n> =
0 H
vd —Bhins3-

—_—

DST1decr
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DST?2
— DST2Dr

DST1 — DST200 cell

DST1 — DST210 cell

DST1

DST1 3 DST211 cells

DST1 ‘
5&3‘“% PCstuffoncall

* p—
L — TRAP#2
DTestepl——7, - DST2step
phil* > phil#11
phi2* > phi2#10 -
DST2Dr

~

PCstu ﬂ'o;l,ﬁRB
2step phil#ll pIhJZ#IO
ST2s<4>*

I‘j DST2S<4>

DST200 cell
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DST?2 (cont.)
PCStuﬂoWRB
Vdd 2step p i1#11 p‘hJZ#IO
ST2s<3>*
DSTi<d>l | M DST25<3>
Th—'
M
= DST210 cell

PCStuﬂb’ﬁka
Vdd 2step pb|il#ll paz#m -
ST2s<n>*

DST1 (# P DST2s <n>

DST211 cell



CPIPE1

CPIPE1Dr

CP1mCP1H CP17 CP1§ CP1L

 CPINICP1NCP1s

RESPT® - RESET#2
SIE Elloadl*——-J> CPIPElload#5
phi2* [ phi2#15
CE?‘I;EElstepl“————‘} CPIPE1step#3
Cﬁ’@llﬂush* Do CPIPE1flush -
C 41 l'(ag, } —skip

¢ igEElloadc—-A} CPIPElloadc
gﬁgﬁElstore*_-J>; CPIPElstore
gﬁgElloadmf___!% CPIPElloadm
ﬁf; Elstoreml“—-—!} CPIPElstorem
x‘;\gﬁ } WAIT*#6

CPIPE1Dr
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CPIPE1- CP1s

0 CP1s cells

WIAIT#B pji2# 15

: CPlm<n> >_n_>_a-—~CPIPEls<n>

CP1s cell
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CPIPE1- CP1F
CPIPE1flush

CPIm<9>

CP1lm<8>

CPIm<L7>
CPIm<6>

CPIm<5>

CPIm<4>

CPIm<3>

CPIm<2>

CPIm<1>

CP1m<0>




CPIPE1- CP1T

CPIPEtrap

CP1m<9>

CPIm<8>

CPIm<L7>

CPIm<6>

CPIlm<5>

CPIm<4>

CPIm<3>

CP1lm<2>
CPIm<1>

vd M CP1m<0>
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CPIPEl- CP1S

ski

. CPIm<98>
4
- CPIm<8>
-4
vdd CPIm<7>
CPIm<6>
-4
- CPIm<5>
- ‘
- CPIm<4>
-4
- CPIm<3>.
e
vdd CPIm<2>

CPIm<1>
CP1m<0>
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CPIPE1- CP1L

CPIPElloadc

— CP1m<9>
—;_ CP1m<8>
Vd CPIm<7>
T CPIm<6>
vdd CPIm<5>
Vdd CPIm<4>
= CP1m<3>
__-If: CPIm<2>
_[: CPIm<1>
-;!: 1 CPIm<0>
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CPIPE1- CP1IR

CPIPElstore

= CPIm<9>
_-;__ CPIm<8>
vdd CPIm<L7>
- CPIm<6>
Vdd CPIm<5>
Vvdd CPIlm<4>

Vd CPIm<3>

CPIm<2>

CPIlm<1>
M CPIm<0>

iy it
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CPIPE1- CPIM

CPIPElloadm

= CP1m<9>
__lE CPIm<8>
vd CPIm<7>

CPI1m<6>

CPIlm<5>
CPIm<4>

CP1m<3>

DSTlsub<go> M1 CP1lm<0>
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CPIPE1- CPIN

CPIPEIlstorem

CPIm<9>

CPIlm<8>

Vd— CPIm<L7>
= CPIm<6>
vdd CPIm<5>

CPIm<4>
CPIm<L3>

SRC2sub<0> L CP1m<0>
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as sh(ci}\)lellx agove

SE
Vd

aéove
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CPIPE1- CP1m

dbin<31>_

CPm0

dbin<12>_|

CPmO0

dbin <30>

CPml|

dbin<29>

CPmO

dbin<28>_

CPmO0

dbin <27

CPmO

dbin<26>

CPmO

dbin<25>

CPml

dbin< 24> {Spmd

dbin<23>_|

CPmO
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Elload#s

| CP1m<9>
__CPIm<8>
__CPIm<7>
|_CPIm<6>
__CPIm<5>
| CPIlm<4>
_CPIm<3>
__CPIm<2>
__CPIm<1>

CPIm<0>

ph%

Elload#5

“CPmO0

phi

CPm1
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Elstep#3

CP1m<n>
as shown above

fh’Elstep#S

as shown above
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CPIPE2
—CPIPE2Dr
CPIPE1s<1}p —CPIPE?21 cell
CPIPE1s<6} —CPIPE21 cell
CPIPEl1s<A}p —CPIPE20 cell
CPIPE1s<4} —CPIPE20 cell
CPIPE1s<L3} _CPIPE20 cell
CPIPE1s<2} __CPIPE?1 cell
CPIPE1s<1] —CPIPE20 cell
CPIPE1s<0p —_CPIPE20 cell
T
Wi D CPIPE2load
phil* > phil#12
phi2* Jl>° phi2#14

CPIPE2Dr



544

CPIPE2 (cont.)

2load pril#l2 plj2#l4
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changeCWP
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CWPstep
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decodeEA
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CWP (cont.)

chCWP
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-
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=
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=
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CWPincr
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DSTs
_DSTsDr
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phil* [>o phil#13
phi2* >° phi2#15
DSTsDr
phil#13 p:jz#m
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_DSTs<n>
o DSTm<n>

DSTs cell
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RD. WRI* Driverl y.
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Driver2
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LELtoINB* } J‘>,._%__busLtoSHB

otGSABT—

}___buthoSHB

BB'usBrTNB*
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Bgl?tobuL*
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%
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Driver4
BB&S’&OMSA* }_busStobusA
tolNAZ

gg}ksp Po —busDtoINA
pbusDtoINA* r\l So— ‘ }c _busAtoINA
phi2* 1
phi* Pyo—phis#0

LtoINB*
BE&S :)},_busLtoINB
phi2* }, __busBtoINB
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D&_ex3

m_eﬂ

ﬁp_exl

I—)},,_@‘,_exo /in

Pp—in3

D,__inz

Da__inl

H_JDO/ ex
Wna* [ex
M_in?" Jex
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Driverd
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°
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e
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phil* ;Wers %—PrechargeD
selBlbarl > »,_JelBIbar
»o__SelBIbar*
selaluiOR* &,__selaluOR
EX_INSpass Dy,_passALU
selaluSR* »_selaluSR
selaluAND* b.,__selaluAND
selaluXOR* B;,..selaluXOR
selaluSUM* %_selaluSUM
phi2* D;o__phm#s
phi3* %__phi3#2
Wit Dpo—WAIT*#2
phil* %_phil #5
phi2* %__phi2#2
nillonreturn %__nillonretum*
> Do__nillonreturn#l

D busDa2* __¢
P‘%'po == :>°——‘——‘}__D8TtobusD
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Driver7
RESET* WESET#I
Bm.g}etOPC* )},_writetoPC
UtoPC2
Bﬁ% ‘}__ALUtoPC
phil* W—Phil#ﬁ
phi2* 50— Phiz#3
eadPCtoA*
B%C%lngr vy ' D, }_—Je::: CtO‘.A
i e— —Pe—FClner
%)aﬁ{:&Cload ) astPCload
phil* %..phil#ﬁ
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ek 3
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Driver8
PCigMALL ppo—PCtoMAL
B%L::MN - Dpo—ALUtoMAL
ohis ~ 5o —TRAP#0
phi* Do Pphi2#?7
Bmg&etoSWP* },_writetoSWP
phi2* P phiz#s

PcadSWPtoA~ Dy——readSWPtoA
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drivers (cont.)

Vdd
L|[(B2/4
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D5
Vdd
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6/4
D6
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Vdd
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D3

Vdd

Upes
Eﬁﬂw I4/10 + 58pf
, .

\®/8 '536_/4
L

D4
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drivers (cont.)

Vdd

L|d60/4

Q28/4 —L 3.2pf

- D8
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Miscellaneous Logic
Vdd

(s 2@ dpdpdpdpdsdsd))
333 L3

L SRClequalDST?2
ACACACACACACHCHCH
i ACIACIACIAC |AC|AC [AC|AC |
%% ki
mist
e
530S —
Vdd .
SRC2equalDST2
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Miscellaneous Logic (cont.)

ggggﬁ%—’ Des SRC2equall6

BN — > Cin*<0>
EORD ] —— s~ FSHCNTL? (pad)
RD_WRl {>.., »: _RD_WR* (pad)
I.D I/D* (pad)
L = L WAITACK*
WAITWW e
_ WAIT2

' WAIT

phit«

RESMWWESET*




Miscellaneous Logic (cont.)

NSo
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ok
phi3 >

I_.{>¢

changeCWRI

changeCWP2L

SWP<42>,

-y

LI Lwinoverflow

I

L

_r_‘:_d.l_\_winunderﬂow

e

.SWP(.R»LD:

SWP<8>

chCWPLQ

chCWP <L,

chCWP <2

YIVIvlY

Y




Miscellaneous Logic (cont.)

phil* _D.,_
phi2* _Do_
phi3* _.Dc
PAGE* L i

Vddfﬂ‘D‘ :}.fLDo_instrpageﬂNT
pbusDtoINA* I'>" ‘DJ:LDo—datapageﬂNT

Rsw< i 1
O e 1N TN,

Alzeroforce* —_L
CEEE S oD v
pillegalopc | g illegalope
Vdd
rllll intTAGtrap*
;l:\é(::;; [: ¥ D" —intTAGtrap

. |
pov. unflow ___|| '
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Miscellaneous Logic (cont.)

i2* N
phi2 >
RESET* No

|l

Prapms :’?lld_'_'D" validtrapi
l ?’i‘ Gfra , _

opc

jnoverigw
%ﬁpéer oW — l
H]atgg ge
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'—! >,_CPIPEtrap

TRAP

|
LY
I
. 51 .

SN DS E,I—{>°—T[>° — L [>o-CPIPEskip*
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Miscellaneous Logic (cont.)

i2* _Seo
phi2 [~

P Do

if

TRAPreason<3> [ 1 —D"_ |___Reason<3>
__

TRAPreason (2;.'1 :Ll‘D’— _D°— | Reason<2>
_f

TRAPreason<1> =LI.D°_ ——D"' |____Reason<1>

=
TRAPreason Q}_I-:IiD.,__-D_ |____Reason<0>



Miscellaneous Logic (cont.)

CPIPEIs<f> >~

i3* N
phi3 > 1
Ain<31> + I 'LI
Ain<30> m— cAinMSB
Bin<31> .. Ju .
Bin<30> 1 | <BinMSB
ALUal +— L caluMSB
ALU30 M | (Vdd
Ain0, L cAin0
DST1<4> cDST1<4>
DST1<3> eDST1<L3>
DST1<2> cDST1<2>
DST1I<1> eDST1I<L1>
DST1<0> c¢DST1<0>
A=B 1 caluZout
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Miscellaneous Logic (cont.)

phi2*__D,—
phi3*

.vdd_I1

e U ,

CPIPEIs<(> tCPIPE1s<0>
CPIPEIs<1> tCPIPEl1s<1>
CPIPE1s<2> tCPIPE1s<2>
CPIPE1s<3> tCPIPE1s<3>
CPIPE1s<4> tCPIPEls<4>
CPIPEls<5> ___tCPIPEIs<5>
CPIPEls<f> tCPIPE1s<6>
CPIPEIs<I> tCPIPE1s<7>
CPIPE1s<8> tCPIPE1s<8>
busA<31> tbusA<31>
busB<31l> tbusB<31>
busB< 30> tbusB<30>
busB<29> tbusB<29>
busB< 28> tbusB<28>
ptagcompare. J1 tagcompare
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ca
flush
TRAP
ret0
retl
ret2
ret3
ret4
retd
ret6
ret?
skip
trapl
trap2
trap3
trap4
trap5
trap6
|_trap7
store
storem
load
loadc
loadm
srl
sra
xor
and
or
add
sll
sub
extract
insert

loadO
loadl
load2
load3
load4
load5
load6
load7
store0
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store7
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Cplal

CPIPElloadl* <- Not (And RESET* (Not WAIT) (Not (opl=load0 load1 load2
load3 load4 load5 load6 load7 store0 storel store2 store3 store4 stored storeb

store7)))

pDATABUSintoLOADL <- And (Not WAIT) (Not (opl=store storem storel

store2 store3 store4 storeb storeb store7))

pALUtoPC* <- Not (And (opl=ret0 retl ret2 ret3 ret4 rets ret6 ret7 call jmp)
RESET* (Not WAIT))

pPClner <- And RESET* (Not WAIT) (opl=flush TRAP SKIP insert extract
add sub sll skip trapl trap2 trap3 trap4 trap5 trap6 trap7 or xor sra srl and
load0 store0)

lastPCload* <- Or WAIT (op1=TRAP)

- PCtoMAL1* <- Not (And (Not WAIT) (op1=flush SKIP load0 store0 skip trapl
trap2 trap3 trap4 trap5 trap6 trap7 sra srl or xor add and sub sll extract insert))

pALUtoMAL* <- Not (And (Not WAIT) (opl=ret0 retl ret2 ret3 ret4 ret5 ret6
ret7 call jmp load loade loadm sto}e storem loadl load2 load3 load4 load5 load6

load7 storel store2 store3 store4 store5 store6 store7))

enableINTS1* <- Not (opl=ret4 ret5 ret6 ret7)
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SRC2sminl* <- Not (And (Not WAIT) (opl=storem store2 store3 store4 stores

storeb store7))

DST1minl* <- Not (And (Not WAIT) (opl=load1 load2 load3 load4 load5 load6
load7)) |

PCstuffoncalll* <- Not (And (Not WAIT) (opl=call) (Not (op1=TRAP)))
DST2stepl* <- Not (And (Not WAIT) (Not (opl=call TRAP)))

CPIPE1flush* <- Not (And RESET* (opl=ret0 ret1 ret2 ret3 ret4 ret5 ret6 ret7
TRAP))

changeCWP1 <- And (Not WAIT) (opl=call)
chéngeCWP2t <- And (Not WAIT) (opl=ret1 ret3 ret5 ret7)

TRAP#* <- Not (opl=TRAP)
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Xcplal
RD_WRI1#* <- Not (opl=store0 storel store2 store3 store4 store5 store6 store7)

storeSXT <- dpl=store storem

pbusSHADOW * <- opl=load0 loadl laod2 load3 load4 load5 load6 load7 store0

storel store2 store3 stored stored store6 store7
pbusLtoINB* <- Not (Or (Not Alzeroforce*) (Not pSXTtobusL*))

pSXTtobusL* <- Not (And CPIPE1s<8> (Not (opl=call jmp store0 storel

store2 store3 stored store5 storeb store7)))

pLOADLtobusL* <- Not (opl=store0 storel store2 store3 store4 stored storeb
store7)

pSTOREwritex <- Not (opl=store0)

byteEX <- opl=extract

EX_INSpass <- Not (opl=extract insert)

selBIbarl <- opl=sub storem loadm skip trapl trap2 trap3 trap4 trap5 trap6

trap7 loadl load2 load3 load4 load5 load6 load7 storel store2 store3 store4 stored

storeb store7
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selaluOR* <- Not (opl=or)

selaluSR* <- Not (opl=sra srl)

selaluAND* <- Not (opl=and)

selaluXOR* <- Not (opl=xor)

selaluSUM* <- opl=extract insert xor or and sra srl

CPIPElstep* <- Not (Or (Not RESET*) (Not (opl=loadl load2 load3 load4
loads load6 load7 storel store2 store3 stored stored storeb store7 retO retl ret2
ret3 ret4 ret5 ret6 ret7 load loadc loadm store storem TRAP)))

CPIPElloade* <- Not (And RESET* (opl=load loadc))

CPIPElstores <- Not (And RESET* (opl=store))

CPIPElloadm* <- Not (And RESET* (opl=loadm loadl load2 load3 load4
load5

load6 load7))

CPIPElstorem* <- Not (And RESET* (opl=storem storel store2 store3 store4

store5 store6 store7))

predecodeEA <- opl=load loadc store
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aluCINbar <- Not (opl=sub loadm storem loadl load2 load3 load4 load5 load6
load7 storel store2 store3 stored stored storeb store? skip trapl trap2 trap3 trap4

trap5 trap6 trap7 call jmp)

I_.D <- opl=load0 loadl load2 load3 load4 load5 load6 load7 store0 storel store2

store3 stored storeb store6 store?



Cpla2

pLOADwrite <- op2=load0 loadl load2 load3 load4 load5 load6 load7
nillonreturn <; op2=ret2 ret3 ret6 ret?

writeRFaccess2 <- Not (op2=store storem store0 storel store2 store3 store4
store5 store store7 load loadc loadm ret0 retl ret4 ret5 flush SKIP skip trapl

trap2 trap3 trap4 trap5 trap6 trap? jmp)

busDtobusA2% <- Not (op2=call TRAP add sub and or xor sll srl sra insert

extract ret2 ret3 ret6 ret7)

pbusDtoINA* <- Not (op2=load loadc loadm store storem loadl load2 load3
load4 load5 load8 load7 storel store2 store3 store4 store5 store6 store7)

DSTtobusD2* <- Not (op2=add sub ret2 ret3 ret6 ret7 srl sra and or xor

extract insert)

DSTvalid <- Not (op2=skip trapl trap2 trap3 trap4 traps trap6 trap7 flush
store storem store7 storeb store5 store4 store3 store2 storel store0 TRAP SKIP

call ymp)
opc2load <- op2=load0

lastPCtobusD1* <- Not (op2=TRAP call)
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Apla

Alzeroforce* <- Not (opl=jmp call)

readRFaccessAl* <- Not (And Alzeroforces (Not (And SRCvalid DSTvalid
SRClequalDST2 (Not SRClequall6))))

readRFaccessBl* <- Not (And Alzeroforcex (Not (And SRCvalid DSTvalid
SR C2equalDST2 (Not SRC2equall6))))

Alzerol* <- Not (Or (Not Alzeroforce*) (And SRCvalid SRClequall6))

busDtobusAa* <- Not (Or (Not preadSWPtoAx) (Not pread TBtoA*) (Not
preadPCtoA#) (And SRCvalid DSTvalid (Not opc2load) SRClequalDST2 (Not
SR Clequall6)))

pForwardtoINB+ <- Not (And SRCvalid DSTvalid (Not opc2load)
SRC2equalDST2 (Not SRC2equalls))

DSTtobusDa2* <- Not (Or (Not pbusDtoINA#) (Not pForwardtoINB*) (And
SRCvalid DSTvalid (Not opc2load) SRClequalDST2 (Not SR Clequall6)))

preadPCtoA* <- Not (And SRCvalid SRC1m1<4> (Not SRC1m1<3>) (Not
SRC1m1<2>) (Not SRC1m1<1>) SRCIm1<0>)

preadTBtoA* <- Not (And SRCvalid SRClml1<4> (Not SRClm1<3>)
SRCIm1<2> (Not SRCIm1<1>) SRCIm1<0>)
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preadSWPtoA* <- Not (And SRCvalid SRClm1<4> (Not SRCim1<3>)
SRC1m1<2> (Not SRCIm1<1>) (Not SRC1m1<0>))

SRClequall6 <- And SRClm1<4> (Not SRC1m1<3>) (Not SRC1Im1<2>)
(Not SRC1m1<1>) (Not SRCIm1<0>)

SRGvalid <- Not (Or (op1=jmp call) (Not pbusDtoINA«))
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Aplal

LoadforwtoINAl* <- Not (And (Not SRClequall6) SRClequalDST2 opc2load
DSTvalid SRCvalid)

LoadforwtoINBl* <- Not (And (Not SRC2equall6) SRC2equalDST2 opc2load
DSTvalid SRCvalid)

pSHAtobusA* <- Not (And SRCvalid SRCIm1<4> (Not SRC1Im1<3>) (Not
SRCIm1<2>) SRCIm1<1> SRCIm1<0>)

pSHBtobusA* <- Not (And SRCvalid SRCim1<4> (Not SRC1m1<3>) (Not
SRCIm1<2>) SRC1Im1<1> (Not SRCIm1<0>))

pbusStobusA* <- Not (Or (Not preadPSWtoA+) (Not preadCWPtoA+))

preadPSWtoA* <- Not (And SRCvalid SRClm1<4> (Not SRC1m1<3>)
SRCIm1<2> SRCIm1<1> SRCIm1<0>)

preadCWPtoA* <- Not (And SRCvalid SRClm1<4> (Not SRClm1<3>)
SRC1ml1<2> SRCIml1<1> (Not SRCim1<0>))
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Apla2

writetoSHA1* <- And (DSTvalid DST2<4> (Not DST2<3>) (Not
DST2<2>) DST2<1> DST2<0>)

writetoSHB1* <- And (DSTvalid DST2<4> (Not DST2<3>) (Not
DST2<2>) DST2<1> (Not DST2<0>))

pwritetoPC*+ <- Not (And DSTvalid DST2<4> (Not DST2<3>) (Not
DST2<2>) (Not DST2<1>) DST<0>)

pwritetoTB# <- Not (And DSTvalid DST2<4> (Not DST2<3>) DST2<2>
(Not DST2<1>) DST2<0>)

pwritetoSWPs <- Not (And DSTvalid DST2<4> (Not DST2<3>) DST2<2>
(Not DST2<1>) (Not DST2<0>))

writetoPSW1* <- Not (And DSTvalid DST2<4> (Not DST2<3>) DST2<2>
DST2<1> DST2<0>)

writetoCWP1% <- Not (And DSTvalid DST2<4> (Not DST2<3>) DST2<2>
DST2<1> (Not DST2<0>))
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Tpla

TAGtrap <- And tCPIPE1s<6> (Or notanINT loadTRAP RXint)

notanINT <- Or (And (Not tCPIPE1s<8>) (topl=sll srl sra add sub xor and

or skip trapl trap2 trap3 trap4 traps trap6 trap?) (Or tbusA<31> (Not

tbusB<31>))) (And tCPIPE1s<8> (topl=sll srl sra add sub xor and or skip

trapl trap2 trap3 trap4 trap5 trap6 trap7) tbusA<31>))

loadtrap <- And (topl=load loadc) (Or (And (Not tbusA<31>) (Or (And

tbusB< 31> (Not tCPIPE1s<8>)) tCPIPE1s<8>)) (And (Not tCPIPE1s<8>)

(Not tbusB<31>) tbusA<31>))

RXint <- And (Not tbusA<31>) (topl=store)

pov_unflow <- And tCPIPE1s<6> (topl=sub add sll)

trapinstr* <- Not (topl=trapl trap2 trap3 trap4 trap5 trap6 trap7)

GStrap <- And tCPIPE1s<6> (Or Slolder nonLIFO RDcontext)

Slolder <- And (Not tagcompare) (topl=store)

nonLIFO <- And tbusA<31> (topl=retO retl ret2 ret3 ret4 ret5 ret6 ret7)

RDcontext <- And (topl=store) (Not tbusB<28>) (Not tbusB<29>) (Not
tbusB<30>) (Not tbusB<31>)
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skipCONDenable* <- topl=skip
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Tplal

shiftAbus30 <- Or (And CPIPEls<6> (opl=sra) Ain<30>) (And (Not
CPIPE1s<6>) (opl=sra srl) Ain<31>)

shiftAbus3l <- Or (And CPIPEls<6> (opl=sra srl) Ain<31>) (And (Not
CPIPE1s<6>) (opl=sra) Ain<31>)
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Tpla2

TRAPreason<0> <- And (Not illegalopc) (Or (And IOINT (Not instrpagefINT)
(Not validtrapi) (Not winunderflow) (Not SWI)) (And GStrap (Not validtrapi)
(Not winunderﬁow) (Not SWI)) (And datapageflINT (Not winunderflow) (Not
SWI)) (And winoverflow (Not SWI)) intTAGtrap*)

TRAPreason<1> <- And (Not (Or illegalope (Not intTAGtrap+))) (Or (And
GStrap (Not datapagefINT) (Not winunderflow)) (And validtrapi (Not datapage-
fINT) (Not winunderflow)) winoverflow SWI)

TRAPreason<2> <- And (Not (Or winoverflow SWI (Not intTAGtrap*)
illegalopc)) (Or GStrap validtrapi datapagefINT winunderflow)

TRAPreason<3> <- And (Not (Or GStrap validtrapi datapagefINT
winunderflow winoverflow SWI (Not intTAGtrap) illegalopc)) (Or instrpagefINT
IOINT)
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Tagcompla

ptagcompare <- Or busB<31> (Not busA<31>) busA<30> - (And
busB<30> (Not busA<30>) (Or (And (Not busB<29>) (Not busA <29>))
(And (Not busB<28>) (Not busA<20>)) (And (Not busA<28>) (Not
busB<29>)) (And (Not busA <28>) (Not busA<29>)) (And (Not busB<28>)
(Not busB<29>)))) ' |
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Illpla

pillegalope <- Not (opl=flush SKIP TRAP ret0 retl ret2 ret3 ret4 ret5 ret6 ret7
load0 loadl load2 load3 load4 load5 load6 load7 store0 storel store2 store3 store4
storeb storeb store7 srl sra insert extract add sll sub or xor and skip trapl trap2

trap3 trap4 trap5 trap6 trap7 load loadm loade store storem call jmp)
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Condpla

aluVout <- And cselaluSUM (Or (And (Not cAinMSB) (Not ¢BinMSB) caluMSB)
(And cAinMSB cBinMSB (Not caluMSB)))

aluCout <- And cselaluSUM (Or (And cAinMSB ¢BinMSB) (And cAinMSB (Not
caluMSB)) (And ¢BinMSB (Not caluMSB)))

aluSout <- caluMSB

pCONDvalid* <- Not (Or (And caluZout (d1=04)) (And (Not caluZout)
(d1=05)) (And (Or (And aluSout (Not aluVout)) (And (Not aluSout)

aluVout) (d1=02)) (And (Not (Or (And aluSout (Not aluVout))

(And (Not aluSout) aluVout))) (d1=03)) (And (Or (And aluSout (Not alu-
Vout)) (And (Not aluSout)

aluVout) caluZout) (d1=06)) (And (Not (Or (And aluSout (Not‘ aluVout))

(And (Not aluSout) aluVout) caluZout)) (d1=07)) (And (Not aluCout)
(d1=12)) (And -aluCout (d1=13)) (And (Or (Not aluCout) caluZout) (d1=16))
(And (Not (Or (Not aluCout) caluZout)) (d1=17)) (d1=01) (And (Or (Not alu-
Cout) caluZout) (Not cAin0) (d1=22)) (And (Or (Not (Or (Not aluCout) calu-
Zout)) cAin0) (d1=23))) |
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Input/Output Timing Specifications
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Loading for these measurements was the chip package and a 10pF scope
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