
R odd

JCNFF

BLOCK

ASELLCBSELALUFRSTK

313029282726252423222120191817161514131211109876543210

ALU carry

ALU[15]

{BSEL, FF}

Md *

Md *

Md *

Q

T

FF[4:7]

FF[4:7] >>

T

R

SHIFTER
1616

16 >>

{LC}

16

ALUFM

>

>

{xxx}  Source of Control

Task-Specific*

*

{LC}

{BSEL}

Control

B

A

ALU

Address Logic

FF[4:7]

0,,FF

FF,,0

FF,-1

-1,,FF

{ASEL}

{ALUF}

Q
16

R’

T’

Programmer’s View

>

>

>

>

ALU=0
ALU<0

SubTask

ALU rsh 1

ALU lsh 1

To devices

16

R < 0>

32 33

IOB

ALUFM

ShC

TIOA, StkP

AMux

AMux

BMux FF

RF_

WF_

ShC_

SubTask

Shift
Controls

RM

STK

RSTK[0:3]

{FF}

RSTK[1:3]

Stkp

Saved Stkp

R

Q

FF[4:7]

Md*

T

{FF}

>
>

>> >>>>>

>>>>>>>>
>>

ShC
16

16

8

B

+

RBase

Cnt

>>>

>>> >
>B

>
Stkp

>>>> >>

>>

>>

T*

Mem
Base*

TIOA
*

Cnt

Overflow

Cnt=0&-1

o

Pipe0

Pipe1

Pipe2’

Pipe3’

Pipe4’

Config

DBuf o
o

FaultInfo’

gh >hg
Link

RWCPReg

o

MemC MemD IFU Control

BMux gh
o

Pointers

16

IOB

IOA

B

>>
>>
>>
>>
>>

ALU

BrLo_

BrHi_

CFlags_gh
MarMux

LoadMcr

A

B

>

Mar

+

>

>>>>>>>>
>>>>

>
>>>>>>

> > >
MapBuf_

> >
DBuf_

MemX

> >

Store_

Map_

LoadMcr
LoadTestSyndrome

Fetch_
Store_
Map_
PreFetch_
IOFetch_
IOStore_

MemoryIFU

>>

To Processor

To Control

Md*

Fout

>>

>>>

Fin

>IFUFetch

>10

9

16

16

8

16

8

16

16

F/G

F/G

> 16

{FF}

{FF,ASEL}

{ASEL}

Multiply
Divide
CDivide
Q lsh 1
Q rsh 1

{BSEL}

Dorado
Figure 1

From devices

{JCN,FF} >>
>>>RdTPC_

LdTPC_

IM_

Link_

{FF}

MOS_

GenOut_

BrkIns_

>

{ASEL}

MemX

{FF}
{shift mask}

Md*/0

Carry’

IOAtten’

>>>>

{FF}

o

>
IFUTest_

{FF}

{FF}

MemBX

>
FF[6:7]

BR

{ASEL}

IdPd

Pipe5’

Pd

A_Id
RisId

A_Id

TisId

Pd

Id

{ASEL}
{FF}

ProcSRN_

B[12:15]

IFaddr

>
B[3:7]

MemB

IFUMRH_

IFUMLH_

Id

0 or 1
by IFU

256 x 16

256 x 16

PCX’

Junk’

IFUMLH’

IFUMRH’

BMux

>

D1ProgView.sil
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Front View
Top View

+5 Volt

-5 Volt -2 Volt

+12 Volt

Fan Fan

qqq qqq q

r

.625 in

r
4.5 in.

q

rq

13 in.

3.5 in.

Fast or slow I/O

Fast or slow I/O

Fast or slow I/O

Fast or slow I/O

DispY (Display controller)

DskEth (Disk/Ethernet controller)

Storage odd or Slow I/O

Storage odd or Slow I/O

Storage even or Slow I/O

Storage even

Storage even

Storage odd

Storage odd

IFU (Instruction Fetch Unit)

ProcH (Processor hi-byte)

ProcL (processor lo-byte)

BaseB (Baseboard)

Storage even or Slow I/O

q
r

15.5 in

q

r
10.5 in

r

q Power Supplies
-5 V x 150 A

-2 V x 75 A

Not to
Scale

MemC (Memory addressing)

MemX (Map and FSM’s)

MemD (Cache data and EC)

The +5 V supply and one fan are controlled by a switch; -5 V, +12 V, and
-2 V supplies, the other four fans, and the disk logic and spindle power
are controlled by the baseboard microcomputer (or the controlling Alto).

BaseB and ContB boards are equipped with temperature sensors that are
repetitively monitored by the baseboard microcomputer; most other boards
have temperature sensors that can be monitored when the microprocessor
is halted.  In the event some temperature exceeds 60 degrees C, the
microcomputer will shut down the three power supplies that it controls.

The microcomputer also monitors power supplies; when any voltage or current
deviates from its allowed range, the microcomputer shuts off power to
the three supplies that it controls.

The card cage shown here is beneath the Trident T80 disk, and both are
inside an enclosure designed to reduce the noise level for an office
environment.  The total enclosure size is about 4 feet high x 4 feet deep x
2 feet wide (ugh).

The machine weighs between 500 and 600 lbs.

  2315
 246
  71
  24
  21

ic’s of random logic
1kx1 ECL RAM’s
16x4 ECL RAM’s
256x4 ECL RAM’s
16Kx1 MOS RAM’s

The following shows approximate component count:

11 Logic boards: 8 Storage boards:

1056
1152

ic’s of random logic
16Kx1 MOS RAM’s

15 in.

< >

Panel
Wiring

Panel
Wiring

Five 240 CFM (free air) fans estimated to produce
375 CFM airflow in the enclosure.

Estimated temperature rise of the exiting air is about
8 degrees C.

Power consumption on each logic board averages

+5 V x 70 A

+12 V x 25 A

about 85 watts, on each storage board about 55
watts.

On each board -5 V power is distributed by
fingers reaching across the board on the top
side from the back, -2 V power by fingers
reaching across the board on the bottom from
the back.  +5 V and +12 V reach across the board
from the front on top and bottom.  The power
fingers on the bottom feed through to the
component side on the top.

1600 SIP’s

The 11 logic boards in production models will be multiwire;
2 to 8 storage boards and the two backpanels are
printed circuits.

The +5 V supply is used for TTL/ECL conversions and
for TTL components.  The MOS IC’s on the memory storage
boards and in the Map use the +12 V supply.

D1CardCage.sil

DispM (Display controller)

Figure 2
Card Cage

9/14/81

Side Side

Each board can mount 24 x 12 or 288 16-pin DIPs.
Normal MECL-10000 DIP’s are connected to the ground
plane and -5V supply.  Logic nets are terminated
through 100-ohm resistors at one or both ends to the
-2V supply.  The resistors are in low-profile SIPs that
mount between the DIPs (144 8-pin SIPs per board).

ContB (microstore)

ContA (branching and tasking)



To devices

>

SubTask

ALU carry

ALU[15]

FF[4:7]

ALUFM

8

Task-Specific*

*

Control

Address Logic

{ALUF}

Q
16

Hardware View

RSTK[0:3]

o

Q

Alua

8X

2X

Constant
FF

0/-1

Alub
ALU

TIOA&StkP

Alua

Alua

Alub

16

FF

FF[5:7]

2FF[6:7]

IFUMemB

Alub

Shifter

16

{ASEL}
(FF}

{BSEL}
{FF}

IOB

ALU lsh 1

ALU rsh 1

ALUFM

{FF}
{Shift mask}

{LC}

{LC}

RF_

ShC_

WF_

Cnt_B

Cnt_SC

MemBX_SC

MemBase_SC

IFUJump

IFUJump

RBase_SC

RSTK[1:3]

Stkp

Alub

ShC

o

{FF}

Md*

Rin

Tin

Md*

FF[4:7]

16

>>

R

T

R

T

ShC

R

T

R

T
>>>>

>>>>>

dMd*

dMd*

Alub

Md*

>
>

>>
>>
>>
>>

>>
>

>>
>>

>>
>

Cnt

Stkp

RBase

>>

>> >>

>>> >> >
MemBX

Mem

RM

STK

TIOA
*

A_SC

B_const

+

>>>>

>>

>>

16T*

Base
*

FF[3:7]

dMd*

>>

>

Shift controls

Md*

SHA

SHB

{BSEL}

{FF}

Cnt’

Pointers’

Rin

Tin T

>> >

>> >>
>>

>

{FF}

gh >
>

>>
>>T

Q

R

Q

hg
o

Processor

16

{BSEL}
{Shift mask}

Multiply
Divide
CDivide
Q lsh 1
Q rsh 1

A_Md

16

16

Figure 3

5

>To memory

>
16

To memory

IOB

IOA

BMux 16

>

SubTask

To/from Memory, Control, and IFU

8

>>
denotes multiplexor latch

>>
denotes multiplexor

>
denotes register or memory

>>
o denotes multiplexor with inverted outputs

hg

o

o
Q

R

T

Id

RisId
A_Id

TisId
A_Id

Id

dPd

dPd

dPd

>>
>>

FF[4:7]

2

{FF}

>
B[12:15]

RBase_B
Pointers_B

>
B[3:7]

Pointers_B
MemBase_B

Carry20
XorCarry

XorSavedCarry

0 or 1

Mar’

256 x 16

256 x 16

D1Processor.sil
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ShData[i]’

Mask[i]’

Shift’ or

MdShift and

Shift

Shift Data Paths

Control

Mask[i] = LMask[i] or RMask[i]

Mask[i]

RESULT[i]

AMux[i]

BMux[i]

Md

A

cd
ALU

ab
ab

ba
B

P = A[8:11] = number of bits to the left of the field
S = A[12:15] = number of bits in the field - 1

ALUF[0:2] controls masking

ALUFM
variable by BitBlt (or elsewhere), while ALUFM
location 14 contains controls for the Not-A
operation normally used with shifts.

By convention ALUFM location 15 is used as a

The hardware actually uses two inputs of

these is the normal ALU path, and the
other is either Md (on a replace-with-Md
shift) or 0.  The multiplexor select is
changed to the Md/0 path when the
bit is being masked out.

SHA.i

SHB.i

o

Shift 8
Shift 4
Shift 2

Shift 1

The final stage is an inverting 2-in multiplexor which
is disabled when no shift is taking place.

The first stage of shifter multiplexing selects

Field SHA SHB Shift RMask LMask
Count

ShC bits: 2 3 4:7 8:11 12:15

P+S+1 15-S

16-P-S-1 16-P-S-1 P

B[2] B[3] B[4:7] B[8:11] B[12:15]

RF_A

WF_A

ShC_B

FF[4:7] FF[4:7] FF[0:3]

Shift controls come from ShC

Shift controls come from FF

Functions that
load ShC

the microinstruction that shifts

The values for RMask, LMask, and Shift Count are and’ed by 17-octal.
The 32-bit quantity  SHA[0:15]..SHB[0:15] are left-cycled by the
shift count and the right-most 16 bits are the shift data.

Derivation of Shift Controls

16+ALUF[3]

R.i

T.i

R.i

T.i

A[2]

A[2] A[3]

A[3]

>>
>>

>

>
>>>
>>>
>>

between R and T.  When shift control is
taken from ShC, ShC[2] = 1 selects T for SHA
and ShC[3] = 1 selects T for SHB.  When the

>>

The 32-bit quantity SHA..SHB is then left-shifted

shift 4, and shift 2 controls.
through an 8-in multiplexor controlled by the shift 8,

shift is FF-controlled, SHA and SHB are taken
from BSEL as shown in the table below.

BSEL.0=1 BSEL.1 BSEL.2
when BSEL.0 is 1, and the
source for B is changed to Q.

RF_ and WF_ are intended for use with "reasonable" values of P and S.

undefined

Pd

the Pd multiplexor when shifting.  One of

except when BSEL.0 is 1 in

D1Shifter.sil

Figure 4

Shifter
9/5/79



TNIA

CIALinkJCNFFIFUAdQ[14]

MIR

TPCI

TPCO

BNPC

CIA

CIAInc

Link

BLink

BMux

IM

FF

Ready

BNT

Wakeup

Next

CTask

CTD

TLinkAd

<

rr r

r
r
rrr

r
rr r

r
rrr

r
r r r r r r

rrrr

r

r
r
r
r
r r

rrr
r

r

r

rr

r r
r
r

r
rr

r
r
rr

rrrrr

r
r
r

>> > >

>

r
r

CPStrb

StartCycle

StartCycle

StartCycle

Switch

T0

T0

T0

T2

T0

Switch

T0

T1

T0

TPCBypass

Ph3%4

PE

r

T0

T2

T3

T2

RSTK
[2:3]

r

CBr

RIM

IMOut

TPCAd

T0 T1 T2 T3 T4
T4T3T2T1T0

T0 T1 T2 T3 T4
T4T3T2T1T0

T0 T1 T2 T3 T4
T4T3T2T1T0

T0 T1 T2 T3 T4

CPReg

UseCPReg

RA

PEnc

TLink*

TPC*

+1r

r
Processor

Control

TPIMOut

Write
T3

Write
T3

D1Control.sil

Figure 5
Control Section
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1

1

0

0

0

1

0 0 0

BRANCH CONDITION

ALU = 0
ALU < 0

FUNCTION

Subroutine Return
unused

Read TPC
WriteTPC

unused
unused

Global Call

Long Jump/Call

R is result

TNIA:0 1 2 3 4 5 6 7
JCN

ADDRESS BITS

ADDRESS BITS

ADDRESS BITS

0 1 1 1 1 Return

0 0 1 111

BRANCH
CONDITION

ADDRESS BITS

RETURN
FUNCTION

NUMBER
NEXT

Read Instruction Memory

Write Instruction Memory

IFU Jump

Local Jump/Call

Next Address Formation

JCN[5:7]

0
1
2
3
4
5
6

JCN[2:4]

0
1
2
3
4
5
6

Conditional Branch

Return

RSTK[2:3]

0

1

2

3

RSTK.0 RSTK.1 RSTK.2 RSTK.3 ALUF.0 ALUF.1 ALUF.2 ALUF.3 BSEL.0

Par.16 BSEL.1 BSEL.2 LC.0 LC.1 LC.2 ASEL.0 ASEL.1 ASEL.2

BLOCK FF.0 FF.1 FF.2 FF.3 FF.4 FF.5 FF.6 FF.7

Par.17 JCN.0 JCN.1 JCN.2 JCN.3 JCN.4 JCN.5 JCN.6 JCN.77

when B_Link executed in
following microinstruction.

Conditional
Jump/Call

otherwise, it is a jump.

before any modification of TNIA by branch
A long, local, or conditional branch is a call iff,

write the right half.

Good (odd) parity is written
if RSTK.1 is 0, else bad (even)
parity is written.

The most significant bit of
data is RSTK.2 and the least
significant 16 bits are B[0:15].

JCN.7JCN.6JCN.5JCN.4JCN.3JCN.2JCN.1JCN.0FF.0 FF.1 FF.2 FF.3 FF.4 FF.5 FF.6 FF.7BLOCK

RSTK.0 RSTK.1 RSTK.2 RSTK.3 ALUF.0 ALUF.1 ALUF.2 ALUF.3 BSEL.0 BSEL.1 BSEL.2 LC.0 LC.1 LC.2 ASEL.0 ASEL.1 ASEL.2

RSTK.2 B.0 B.1 B.2 B.3 B.4 B.5 B.6 B.7 B.8 B.9 B.10 B.11 B.12 B.13 B.14 B.15

Data appears on B[7:15]

Cnt=0&-1 (decrement Cnt after testing)
R < 0
R odd

-or- FF

60
61
62
63
64
65
66
67--

Address is in Link.

Address is in Link.

Figure 6

Carry’

IOAtten’ (non-emulator) -or- Reschedule (emulator)

RSTK.3 is 1 to write
the left half of IM, 0 to

0 0 0 1 x 1 1 1 undefined

2 3 4 5 6 7 8 9 10 11 12 13 14 15

15141312111098765432

2 3 4 5 6 7 8 9 10 11 12 13 14 15

15141312111098765432

2 3 4 5 6 7 8 9 10 11 12 13 14 15

15141312111098765432

CIA[2:3]

CIA[2:3]

CIA[2:3]

Link[2:15]

CIA[2:9] JCN[2:7]

JCN[2:7] 0 0 0 0 0 0

FF[0:7] JCN[4:7]

CIA[2:9] RJCN[3:4]0JCN[1:2]

JCN[3:4]InstrAddr[4:13]

15141312111098765432

CIA[10:15] + 1CIA[2:9]

Loaded into Link by Call, Return, or IFUJump

conditions or dispatches, TNIA[12:15] is 0;

# 000x

D1Branching.sil

# 111

6/26/80

Overflow



t2t1dt1ct1bt1at1t0

t2t1dt1ct1bt1at1t0

t4t3t2t1t0

t4t3t2t1t0

Phase 0

Phase 0

Phase 4Phase 3Phase 2Phase 1Phase 0

Phase 4Phase 3Phase 2Phase 1Phase 0

CTD_CTASK

WRITE TLINK

MIR Loadedq
q

q
qMIR Loaded

CTD_CTASK

CTD_CTASK

MIR Loaded MIR Loaded MIR Loadedqqq
Return:

qMIR Loaded

MIR Loadedq

qMIR Loaded

MIR Loadedq
q q

q

q

q

q

Normal:
StartCycle Phase 0 StartCycle

StartCycle Phase 0 StartCycle

CIAInc_CIA+1

CTD_CTASK

CIAInc_CIA+1

StartCycle

LINK_CIAInc

StartCycle

CIAInc_CIA+1 LINK_CIAInc LINK_CIAInc

CTD_CTASK

Link clobbered.

LINK_CIAIncCIAInc_CIA+1

StartCycle

qq
MIR Loadedq

q
qMIR Loaded

WRITE TLINK

CTD_CTASK

Phase 0 Phase 1 Phase 2 Phase 3 Phase 4

t0 t1 t1a t1b t1c t1d t2

CTD_BMux[12:15] q

t2t1dt1ct1bt1at1t0

Phase 4Phase 3Phase 2Phase 1Phase 0

CTD_CTASK

WRITE TLINK

MIR Loadedq

q
qMIR Loaded

q q
StartCycle

CIAInc_CIA+1 LINK_CIAIncTPCI_TNIA (Link)

Write TPC
Clear TLinkXq

q

RSTK[1]= 0->odd
1->even

parity

TPIMO_IM

TPIM Mux _ IM

TPIM Mux _ TPC

RSTK[3]= 0->right half
1->left half

D1InstTiming.sil

Figure 7
Instruction Timing

10/8/79

Read RM ALU operaion Write RM

< >< >< >Calculate next address

< >
Fetch next instruction

t-1t-2

qMIR Loaded

Fetch Instruction

q< >

Write IM:

Read IM:

Read TPC:

Write TPC: B[12:15] = address (task number).  Data from Link.  Link clobbered

B[12:15] = address (task number).  Data to BLink.  Data available on B next cycle ONLY

Link = address, RSTK[2:3] = 9-bit byte, data to BLink.  Data available on B next cycle ONLY.  Link clobbered.

Link = address, RSTK[2],,B[0:15] = data,

Fetch next instruction

Link _ CIAInc
Write TLink

Fetch next instruction

Write strobe

Fetch next instruction

Fetch next instruction

Fetch next instruction

Link_CIAInc TPIMO_TPC

Write TLink
Link_CIAInc

CTD_CTASKCTD_CTASK

Modify address by b.c.

Link_CIAInc
CTD_B[12:15]



MemBase *

Md *

16K x 16

Time from 0

Time fromAddressingCache dataMain storage

16

<

15

8

2

Ad

<

errors

Piper
>

>

<
<

<

r

r

r

r

r

r

rr

rr

rr

r

P

BMux

P

MaskerR

Fast output bus

map

Pipe

x 16 words

syndrome
Generate

single bit
Correct

EC bits
Generate

Fast input bus

Dbuf

Data

Ec Data

Ec

Storage

data

Cache

Ad

Ad

Map

Pipe

VA

Pipe

MissCol

Encoder

memory
address

Cache

adder
Base

Base

Mar

P

Ad

====

P

P

P

..

<

<

12

<<

18 18

18

1818

r

18

r

3

Real page Flags

r r r r rT

5

A B

256k x 16 words

19
20
23

24
27

28
31

5

256 rows x 4 col

20..27 256 rows x 4 col

t1

t3

t4

t14

t3

t5 or

t35 - t48

t36 - t51

t35 - t50

t29 - t44

t3 - t19

t5 - t51

MissHit

t5 t57

28

4..19

28

Reference

Registers

Reference

D1Memory.sil
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Figure 8
Overall Structure of the Memory System



Figure 9

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 VA

x x x Stored in address section

< >
Row

Word in
Munch

> >< <
4k-word
Cache

16k-word
Cache

Row

Munch
Word in

x

><
Stored in address section

< <> >

256-word
Page

1k-word
Page

x x x x x x x xC2 C3 C4 C5 C6 C7 C8R2 R3 R4 R5 R6 R7 R8
Word in page

C1R1C0R0xx

x x x x x x x x xx
Word in page

Cache Addressing

C6C5C4C3C2R8R7R6R5R4R3R2

Cache, Map, and Storage Addressing

C1R1C7 C8R0 C0

C8C7 R1 C1 R2 R3 R4 R5 R6 R7 R8 C2 C3 C4

Word in page

x xxxxxxxxx Page
4k-word

x x

< >< >< >
Rx = row
Cx = column

>< ><
C6C5

< >Map Addressing

10 11 12 13 14 15
RP RP RP RP RP RP

24 25 26 27
VA VA VA VA

00 01 02 03 04 05 06 07 08 09
RPRPRPRPRPRP RP RP RP RP

Real page from Map

><
M0 M1 C5 C6 C7 C8

Page
256-word

C3 C4R8R7R6R5R3 R4C2R2
R2 C2 R4R3 R5 R6 R7 R8 C4C3 C8C7C6C5

C5 C6 C7 C8C3 C4R8R7R6R5R3 R4C2R2

x x x x
M1M0

M0 M1

x x R1 C1

C1R1R0 C0

Storage has:

16k ic’s
64k ic’s

256k ic’s

Page

Page

1k-word

4k-word

x = unused

256k ic’s

64k ic’s

16k ic’s
Storage has:

C0R0 R1 C1

xx

M1M0

M0 M1

xxxx

R4R3 R5 R6 R7 R8 C8C7C6C5

C5 C6 C7 C8R8R7R6R5R3 R4

R4R3 R5 R6 R7 R8 C8C7C6C5M1M0

RPRPRPRPRP RP RP RP RP RP
09080706050403020100

VAVAVAVA
27262524

RPRPRPRPRPRP
151413121110

VA VA
22 23

C4C3

C3 C4

C4C3

16k-bit ic’s in Map

64k-bit ic’s in Map
256k-bit ic’s in Map

64k-bit ic’s in Map
256k-bit ic’s in Map

64k-bit ic’s in Map

R2 C2x x

x x

x x R2 C2C1R1

R2 C2

C2R2

R1 C1 C2R2xx

xx

xx C2R2 C3 C4

C4C3

C3 C4

2322
VAVA

10 11 12 13 14 15
RP RP RP RP RP RP

24 25 26 27
VA VA VA VA

00 01 02 03 04 05 06 07 08 09
RPRPRPRPRPRP RP RP RP RP

M0 M1 C5 C6 C7 C8R8R7R3 R4

R4R3 R7 R8 C8C7C6C5

C5 C6 C7 C8R8R7R3 R4

x x x x

M1M0

M0 M1

x x

C1R1R0 C0

Storage has:
16k ic’s

64k ic’s

256k ic’s

VA VA
20 21

R5

R5

R5

R6

R6

R6

xx

xx

x x

Storage Addressing

VA31302928272625242322212019181716151413121110987654

D1MemAddr.sil
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Busy

Ref
Map

TestSyndrome is xor’ed with the checkbits on storage writes ><
TestSyndrome

WP Dirty

Store
Flush

NoWake = never wakeup fault task

WMiss = wakeup fault task on every miss

WMiss

M3M2M1M0

----------

IFURefRef
Cache

SubTask

Fault SRN for first fault

----
Loaded
BeingVacantDirty

DisBR = "disable base registers", prevents base registers from being added to Mar

FDMiss = "force dirty miss", causes each reference to miss and store the victim, even if not dirty

DisCFDisBR

The read out of VA is in the same bit positions as base register load via BrLo_ and BrHi_

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

McrV McrNV

UseMcrV = Use McrV as the victim and McrNV as the next victim for all cache misses

SRN for first faultFault

-- --

RefType

RefType: 0 = undef.

3 = Map_ or non storage op.

MapBuf

1 = storage read (Fetch_, Store_, PreFetch_, IOFetch_, IFU fetch)

Column of
VictimStore’

B_Pipe1
(B_VaLo)

B_Pipe0
(B_VaHi)

B on Map_

2 = storage write (IOStore_ or dirty victim write)

--

DisCF = "disable cache flags", causes cache flags to read out false and prevents writing them

Next VictimDirty Vacant Being
Loaded Victim

NoRef

DisEC’

Mcr[0:10] loaded from MarMux, Mcr[13:15] from BMux

ASRN[0:3]

ASRN[0:3]

B_Pipe3’

B_Pipe2’

B_Pipe4’

B_Config’

B_FaultInfo’

(B_Errors’)

(B_Map’)

Quadword’

No. faults - 1

No. faults - 1

7 is no fault

7 is no fault

< >
VA[4:15]

Emu

ProcSRN[0:3]

< >< >

< ><
ProcSRN[0:3]

>

B_Pipe5
(B_PRef)

Trouble’
Mem

Error’
EC

Fault’ Bit in word

< >
Word code’

><
Parity

Syndrome

< >

dVA_
Vic

FD
Miss

Use
McrV

Dis
Hold

Report
SE’

No
Wake

dVA_Vic = put contents of cache address memory addressed by row of last reference and column
of Victim into Pipe0 and Pipe1

>1514131211109876543210

VA[16:31]

<
1514131211109876543210 < > > >< <

1514131211109876543210

Real page no. (RP)

< >
1514131211109876543210

1514131211109876543210

WP

1514131211109876543210

1514131211109876543210

-- -- -- -- -- -- -- WP ------

1514131211109876543210

LoadTest
Syndrome

1514131211109876543210

LoadMcr --

1514131211109876543210

Emu

>< < >

MapTrouble MemError EcFault

true false x Page fault
true true x Map parity error
false false false No error
false true x Uncorrectable error (DE)
false false true Correctable error (SE)

ReportSE’ = when true, wakeup fault task on correctable errors (SE’s), provided NoWake is false

Word Code

DisHold = prevent hold from occurring
NoRef = prevent storage references

011
101
110
111

Meaning

word 0
word 1
word 2
word 3

other uncorrectable

Chip Size Map
Dirtyb

Map
Parity

M0, M1, M2, or M3 indicates that a storage board
pair is plugged into slot 0, 1, 2, or 3.

Chip Size 0 = 4kx1 ic’s
1 = 16kx1 ic’s
2 = 64kx1 ic’s
3 = 256kx1 ic’s

Task

D1MemReg.sil

Figure 10
The Pipe and Other Memory Registers

Reversed

a

1 1 1 1

Pipe5[0:7] are in the Pipe, Pipe5[8:15] are values read from cache address section during last ref.

CFlags_A’

Proc
Tag
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R
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x
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x

x

x
x

x
x

x

x

x

x

x
x

x
x

x

x

x
x

x

x
x

x

x
x

007
206
106
307
046
247
147
346
026
227
127
326
067
266
166
367

013
212
112
313
052
253
153
352
032
233
133
332
073
272
172
373

015
214
114
315
054
255
155
354
034
235
135
334
075
474
174
375

016
217
117
316
057
256
156
357
037
136
236
337
076
277
177
376

Check bits are EXOR of
data bits marked x

and number of
ones in
Syndrome is

and
furthermore THEN

0 ALWAYS ALWAYS NO ERROR

Not 0 ODD syndrome bits SINGLE ERROR (data bit)

Bits 4,5,6 give bad word:

4 5 6 word

0 1 1
1 0 1
1 1 0
1 1 1

0
1
2
3

0 0 0 0
0 0 0 1

1 1 1 0
1 1 1 1

...

Bits 3,2,1,0 give bad bit:

3 2 1 0 bit

00
01

14
15

...

Bad bit will be corrected if
error correction is enabled

Not 0 ODD
in Syndrome

SINGLE ERROR (check bit)

Syndrome bad check bit

200
100
040
020
010
004
002
001 7

6
5
4
3
2
1
0

Not 0 ODD syndrome bits
4,5,6 have 0
or 1 ones on

TRIPLE ERROR!!
(but no data bits will be changed)

Not 0 EVEN ALWAYS DOUBLE ERROR
No data bits will be changed.
Syndrome is nonsense.

Syndrome is nonsense.

No data bits will be changed.

4,5,6 have 2
or 3 ones on

exactly 1 one

Interpretation of SYNDROME

computed check bits

TestSyndrome
messy 
EXOR
network >

Quad-word
in Cache

>>r
(usually zero)

>
>

Quad-word

in storage

check bits

network
EXOR
messy 

>
computed check bitsr

>>

>

SYNDROME

>

q
in Cache
Quad-word

>
Enable q

Pipe 4 rr

in storage

/
4x16

8

8

other stuff

Error
Corrector

cdef

fedcSYNDROME
for error

in bit

If
SYNDROME

is

D1ErrCorr.sil
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Figure 11

Error Correction



Instruction Fetch Unit Organization

BMux.0..15
Jump displacement

PcJ

p

Adder >
>>>>>

baii
WantIfuRef’

p
To memory

> > >

Jump displacement 

H if LengthK=2; SignK extends H.0
=

BMux.0..15

To
Processor

=

SignK supplies top 11 bits
TwoAlphaK..NK if LengthK=1;

PC Pipeline

TypeJumpM

SignM

LengthM

IfuRBaseSel’

MemBM

TypePauseK’

TypeJumpK’

TwoAlphaMTwoAlphaK

MemBK

RBaseSelK’

LengthK’

SignK

NK NM

SignX

LengthX

NX

TwoAlphaX
J

H

IfuAddr’

InstrAddrK’

F

G p

p

9

18

{GDv’}
{PcFG.15}

FG

efcd
FGParityErr

BrkIns

Test

H

8 >

>

>>>>

>>>>

t1

t0

t0,t1 t0 t0 t0

t1

t3

t1

t0,t1

efcd
dcfe
efcd

RamParityErr

Memory

To IFUFG

AlphaM

Cache

>

InsSet
2

8

igh

>
To control section

>
>

To processor section

To processor section

2

3

1

1

4

1

8

Section

PCX’
Junk’

IFUMRH’

IFUMLH’

M-Level X-LevelK-Level

TrapAddr’

10

1

Trap
Condition

Trap
Address

F

>

RamParity.0

other bits

other bits

other bits

RamParity.1

RamParity.2

IFUM
1024 wordsRamParityErr InsSet..74

Not Ready InsSet..34
Reschedule InsSet..14
FGParityErr InsSet..04
K Fault InsSet..00 Lowest priority

Highest priority

p
IfuFault To IFU

hg

Id.sign

gh

Id.0..3

Alpha/Beta

t0
AlphaX.0..3

AlphaX.4..7

t0

Id.4..7 p
p

p

To
Processor

Section

15 Mar.1..15’

16

PcF

PcFG PcJ PcM PcX

>>>>

>
>
>
>
>
>
>
>
>

>>>>
>
>

>
>

>
>

x 27 bits

D1IFU.sil

Figure 12
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Disk Controller

Tag

Register

Control

Register

16-word

FIFO

Format
RAM

Subsector

Sequence

PROM
4

Read

PROM

Sequence
Write 8

8

4
Other
Controls

>
IOB 12

>

DriveTag
CylinderTag

HeadTag
ControlTag

12 TagBus

Word

Counter

>
1216-word

>>>
16

TagTW

6
Divider

4

> >
Subsector

Counter SectorTW
ii i selected ba

ba

IndexTWq q

cdef
fedc

18

>

NotOnLine
NotReady

NotSelected

HeadOvfl
SeekInc

DevCheck

cdef
fedc

ReadOnly

FIFO

Control FifoUnderflow

FifoOverflow

RdFifoTW
WrFifoTW

Shift

Register

>

i

Select

Errors
From
Disk
Drives

To Disk
Drives

>

Drive

Errors
From
Controller< < IOBParityErr

FifoParityErr

IOB 18

Fifo 18

D1Disk.sil

Daisy chain cable

Daisy chain cable

>

Radial cable i

Selected.0
Selected.1

Selected.2
Selected.3

Selected.i

BitClock.i

Data.i

SubsecIndex.i

16

>>
<

Sequence.i

<
Select.i<

ReadDataErr

>
16

Subsec.i

Index.i

Subsec.i

Index.i

>>

&
Status

CylinderOffset

NoTerminator

<

>
Muff

Register
16

8

Muffler
Multiplexors

DMux

Address

8

4 fedc

Multiplexor controls

11

< <

>

DMuxData

>

DMuxData

DMuxClock

BoardSelect

BoardSelect

ab

Figure 13
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Figure 14
Display Controller

D1Display.sil

18Fout

>
>

T0

T1

ROdd 16

16REven

FIFO
256 x 32

RAM

>
>

T1

p

AReaderPtr
BReaderPtr

AWriterPtr
BWriterPtr

FIFO is written during FH and
is read during the SH; reads
alternate between channel
A and channel B (irrespective
of whether or not the channel
wants the FIFO).

>>>>

7

ACanReadFIFO

AWritingFIFO

>>
1

HWindow

Channel
On

Channel
Off

Cursor video

1st FIFO
Read

2nd FIFO
Read

< >
<

>

< >< >
< >

32 LeftMargin 15

>< ><
Width

< >16CursorX

><

18

128 words of
FIFO used by A,
128 by B.

NLCB
16 x 12

RAM

12 CLCB

< >

RAM

HRam

HRamAddr

HRamOut1024 x 3

3

> >

32
FIB

> >
32

SIB
32

>
SR

8

A or B channel timing (in pixel clocks, not to scale)

3 >
10

Permuter

>
32 >

8
SR

>
32

SIB
32

>
FIB

T0 Dbl

CursorData
AItem.0

AItem.1

AItem.3

BItem.0
AOn

BOn

dc
AItem.2

Polarity

MiniMixer
256 x 4 RAM

4

8

>
4

AItem[4:7]

8

dc
CursorData
AItem.0

BItem.0 Polarity efcd
dc

VBlank

HBlank

dc
1 AltoVideo

PClk

PClk

Various
registers>

of NLCB and CLCB registers

NLCBAddr
4

12

ItemClk’s

PClk/2

hg

18 IOB

p
16 RIOB

RIOB

T3

See Figure 15 for layout

Horizontal Blanking

< >
Visible

left margin<Horizontal Sync

< >

8/30/81

RIOB >>
RIOB MiniMix

7-Wire
Interface p

To Terminal

MiniMix.0

HSync
HBlank

VSync

VBlank

6
VCW

Sync
Generator

3

p

Visible data

>
Visible

right margin

><

Visible Scan

AItemSize

BItemSize

DispY

DispM (not including independent terminal interface)

p
p

DAC

p
Video
Grey-scale

AItem

BItem

p

p
B Buffer

A Buffer

C Buffer

24BitMode

AOn

BOn

CMap Addr

Dorado
CMap Addr

8

8

CMap
256 x 8RIOB

8

8

RIOB
256 x 8Dorado

RIOB Dorado

BMap Addr

BMap Addr

BMap

Green
Output
Reg

1024 x 24

DAC

p
Green
Video
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p
DAC

Reg
Output
Blue
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8

8

8

Video

p
DAC

Reg
Output
Red
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8

8

Mixer
(AMap)

Mixer Addr

Mixer Addr
10

A8B2/A6B4

BBypass

8

8

4
10

AItem

BItem

Pixel
Clock
System ppp

PixelClk

AItemClk

BItemClkp
VCO

Crystal

Backpanel
jumper
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Reg

RIOB
VCO PixelClkVCO

p

>

>
>
>
>
>
>



Figure 15
Display Controller IO Registers

D1DispReg.sil

1514131211109876543210

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1514131211109876543210

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1514131211109876543210

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1514131211109876543210

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

-- MufAddr[5:11]

< >
XSync
Enable

Fake
Pixel
Clock

Use
Fake

-- -- --

DWT
Shutup

DHT
Shutup

NLCBAddr[0:3]

< >
NLCB data

< >

Keep
HRam’

Write
HRam’

Load
HRam
Addr

--
--

-- -- -- -- -- -- -- -- --

--

>< HSync HBlank HalfLine

-- -- -- -- -- -- -- -- -- -- -- -- --
Set

BNext
WCB

Set
ANext

Must
Be

-- -- -- -- -- -- -- -- -- -- -- IOFetch
Signal

Must
Be
0 0

Be
Must Must

Be
0

Set/Clr

Flag

Address[0:7]

< >
Data[0:7]

><

-- -- -- --

< >

Keep
Mixer’

Write
Mixer’

Load
Mixer
Addr

--

< >
--

><
Addr[0:9] Hi/Lo

Data
-- -- -- -- -- -- -- -- -- -- -- -- -- --

Pixel
Clock

Reset

CurWCB

><

--
Addr

LoadWriteKeep

1514131211109876543210

-- -- -- -- Address[0:7] OR Data[0:7]

< >

377 (Y)
367 (M)

DDC**

Addr[1:10]
375 (Y) HRam

374 (Y)

373 (Y)
DWTFlag*
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372 (Y) MiniMixer

360 (M) PixelClk

361 (M) Mixer

362 (M) CMap
365 (M) BMap

Red[4:7] Blue[0:7]

<>Green[0:7] Red[0:3]

< <> >
0

1

370 (Y)

----

1514131211109876543210

MapInLo

1

>><<
Red[0:3]Green[0:7]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15><
Blue[0:7]Red[4:7]

><
Color

Monitor Type

< >

TIOA Output

TIOA Input

376 (Y)
366 (M)

364 (M)

363 (M)

361 (M)

360 (M)

TIOA InputNoPE

Data*

Data*

* Parallel registers DispY/DispM

0 VCW* VBlank VSync OddFld

1 11 BMargin

10 --

AMargin* Left margin count (negative)

< >2 AWidth* 12 BWidth Width count (negative)

< >3 AFifoAddr* 13 BFifoAddr Fifo Address (even)

< >4 14 BScan Polarity* Resolution Size8 Size4 Size2 Size1

5 MixerMode 24Bit BBypass A8B2

15 Cursor position (negative)

< >
CursorX*

6 -- 16 CursorLo*

7 -- 17 CursorHi*

Cursor data [8:15]

Cursor data [0:7]<< >>

Terminal

Terminal

Muffler

Multiplier Divisor

<<

** Only starred bits or fields are used
on DispM; all others are ignored

Statics**

NLCB**

Status**

MapInHi**

AScan**

DHTFlag**
WCB* 0*

Map’ Map’ Map
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Figure 16
Ethernet Controller

Output_B

TIOA = 016
EthC

EthC
Pd_Input

Tx
Cmd
Enbl’

TxOn TxEOP
Tx

Cnt
Dwn

Rx
Cmd
Enbl’

RxOn RxBOP’ --
Test
Cmd
Enbl’

Loop
Back

No
Wake
ups

Single
Step

Test
Clock

Test
Coll’

Test
Data

Report
Colls

Host Address

< >
RxOn TxOn Loop

Back
TxColl

No
Wake
ups

Tx
Data
Late

Single
Step

Tx
Fifo
PE

TxCmdEnbl’ enables setting of TxOn and TxEOP
RxCmdEnbl’ enables setting of RxOn and RxBOP’

TestCmdEnbl’ enables setting of LoopBack, SingleStep, NoWakeups, TestClock, TestColl’, TestData,
and ReportColls

Host Address is set by backpanel jumpers

PDInput PDNew PDOld

EClk EClk EClk

FSM

PDCarrier
PDEvent[0:1]

0  No event
1  Collision
2  Data 0
3  Data 1

Phase
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FSM

RxCollision

RxEOP

RxSync’

RxIncTrans
RxCRCReset

RxCRCClk

RxData

RxCtrl[0:1]

RxSRFull’

EClk

SR
1

EClk

RxData

RxEOP
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FIFO

efdc

cdfe 2
1
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16-word
x 19-bit

RAM
T1Parity

EthData.18 IOAtten
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EthData[0:17]

T1

T1

IOB

18
RAM

16-word

FIFO

RxFifoRdPtr

RxFifoWrtPtr

TxFifoRdPtr

TxFifoWrtPtr

x 18-bit18
Trans

mitter
T1

18SR 1
TxData

TxCRCEnbl

RxData
RxCRCClk

RxCRCReset

RxCRCError
CRC

TxCRCClk

Check

TxOff

T1

TxFifoPE

CRC
Gen

FSM

Trans
mitter

TxCRCEnbl
TxCRCClk

TxGone

TxGo

TxData

TxSRCtrl[0:1]

TxEnd

TxAbort
TxStart

TxSREmpty

GotTxBit

wire-or

Phase

Encoder

TxOff

XcCollision

RxCollision
TxGo

PEOutput

TxCollision
GotTxBit

TxCollision
TxOff

TxFifoPE
TxDataLate dc

TxAbort

ab
TxFifoEmpty

TxEOP
TxEnd

dc
TxFifoFull

TxEOP ba
PDCarrier
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Transmitter

RxCollision
RxDataLate

RxCRCError

RxIncTrans
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1514131211109876543210
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(Receiver status word following end-of-packet)



RSTK[0]

RSTK[1:3] Meaning

0
1
2
3
4
5
6
7

No StkP change

StkP_ StkP+2
StkP_ StkP+3

StkP_ StkP+1

ASEL FF[0:1] Meaning

0
1

2
3
0
1

2
3
0
1
2
3
0
1
2
3
--
--
--
--

0

1

2

3

4
5
6
7

PreFetch_ RM/STK

LongFetch_ RM/STK
Store_ RM/STK
DummyRef_ RM/STK

IFetch_ RM/STK
Fetch_ RM/STK
Store_ Md
Store_ Id
Store_ Q
Store_ T
Fetch_ Md
Fetch_ Id
Fetch_ Q
Fetch_ T
A_ RM/STK
A_ Id
A_ T
Shift operation

ASEL Meaning

0
1
2
3
4
5
6
7

Store_ RM/STK
Fetch_ RM/STK
Store_ T
Fetch_ T

Shift operation
A_ T
A_ Id
A_ RM/STK

BSEL Primary External

0
1
2
3
4
5
6
7

Md
RM/STK
T
Q
0,,FF
377,,FF
FF,,0
FF,,377

--
--

Q_ B

LC Meaning

0
1
2
3
4
5
6
7

No action
T_ Pd
T_ Md, RM/STK_ Pd
T_ Md
RM/STK_ Md
T_ Pd, RM/STK_ Md
RM/STK_ Pd
T_ Pd, RM/STK_ Pd

Logical

3
5
7
11

15
17
21

33

37

NOT A
NOT A OR NOT B
NOT A OR B

NOT A AND NOT B
NOT B
A XNOR B, A EQV B, A=B
A OR NOT B
NOT A AND B
A XOR B, A#B
B
A OR B

A AND NOT B
A AND B
A

A1 (all ones)

A0 (all zeroes)

6

Arithmetic (no carry)

Arithmetic (with carry)

206

236

A
2*A
A+B

A+1
2*A+1
A+B+1

A

ALUF[0:2]

0
1
2
3
4
5
6
7

Meaning

ShiftNoMask
ShiftLMask
ShiftRMask
ShiftBothMasks
ShMdNoMask
ShMdLMask
ShMdRMask
ShMdBothMasks

SHA SHB RMask LMask

ShC bits: 2 3 4:7 8:11 12:15

RF_ A
WF_ A
ShC_ B

A[2]
A[2]
B[2]

A[3]
A[3]
B[3]

P+S+1
16-P-S-1
B[4:7]

undefined
16-P-S-1
B[8:11]

15-S
P
B[12:15]

Count

FF[4:7] FF[4:7] FF[0:3]

Shift controls come from
Shc when BSEL[0]=0 in the
microinstruction that shifts

Shift controls come from FF
when BSEL[0]=1, and the
source for B is changed to Q

P=A[8:11]=number of bits to the left of the field
S=A[12:15]=number of bits in the field - 1

020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037

070
071
072
073
074
075
076
077

A[12:15]_ FF[4:7]
A_ RM/STK
A_ T
A_ Md
A_ Q
XorCarry
XorSavedCarry
Carry20
ModStkPBeforeW
--
ReadMap
Pd_ Input
Pd_ InputNoPE
RisId
TisId
Output_ B
FlipMemBase

Branch conditions
BigBDispatch_ B
BDispatch_ B
Multiply
Q_ B
--
TgetsMd
FreezeBC

Replace RSTK by

Noop

100
101
102

105
106
107

122
123
124
125
126
127

PCF_ B
IFUTest_ B
IFUTick

--
MemBase_ B[3:7]
RBase_ B[12:15]
Pointers_ B
--
--
CFlags_ A’
BrLo_ A
BrHi_ A
LoadTestSyndrome

ProcSRN_ B[12:15]
130
131
132
133
134
135
136
137
140
141
142

143
144
145
146
147

Reschedule
NoReschedule
IFUMRH_ B
IFUMLH_ B
IFUReset
BrkIns_ B
UseDMD
MidasStrobe_ B
TaskingOff

TaskingOn
StkP_ B[8:15]
RestoreStkP
Cnt_ B
Link_ B

150
151
152
153
154
155
156
157

Q lsh 1
Q rsh 1
TIOA[0:7]_ B[0:7]
--
Hold&TaskSim_ B
WF_ A
RF_ A
ShC_ A

160
161
162
163
164

165
166
167
170
171
172
173
174
175
176
177

B_ FaultInfo’
B_ Pipe0 (VaHi)
B_ Pipe1 (VaLo)
B_ Pipe2’
B_ Pipe3’ (Map’)

B_ Pipe4’ (Errors’)
B_ Config’
B_ Pipe5
B_ PCX’

B_ IFUMRH’
B_ IFUMLH’

B_ DBuf
B_ RWCPReg
B_ Link

262
263
264
265
266
267
270
271
272
273
274
275
276
277

000-17

040-57

060-67

200-17
220-37

240-47
250-53
254-57

260-61

RBase_ FF[4:7]
Replace RBase by
FF[4:7] for write
TIOA[5:7]_ FF[5:7]
MemBaseX_ FF[6:7]
MemBX_ FF[6:7]

--
Pd_ ALUFMRW
Pd_ ALUFMEM
Pd_ Cnt
Pd_ Pointers
Pd_ TIOA&StkP
Pd_ ShC
Pd_ ALU rsh 1
Pd_ ALU rcy 1
Pd_ ALU brsh 1
Pd_ ALU arsh 1
Pd_ ALU lsh 1
Pd_ ALU lcy 1
Divide
CDivide

300-37
340-57
360-67

FF[4:7] for write

MemBase_ FF[3:7]
Cnt_ FF[4:7]
Wakeup[FF[4:7]]

StkP_ StkP - 4
StkP_ StkP - 3
StkP_ StkP - 2
StkP_ StkP - 1

Field:

110-17
120-21

LoadMcr[A,B]

103
104

RescheduleNow

1

13

23
25
27
31

35

0

14
22
36

200

214
222

16

14

10
0
7

11
15
6

1

2
5

13

12

3
4

A - B - 1
A - 1

A - B

Value Addr Meaning MeaningAddrValue

ALUFM addresses for operations
in standard system microcodeq q

D1CribSheet.sil

--

0 = No ovfl/undfl check
1 = Ovfl/undfl check

IOFetch_RM (io)

Flush_RM/STK (emu/flt)

Map_RM/STK (emu/flt)

IOStore_RM (io)

BSEL.1 BSEL.2

Programmers’ Crib Sheet

Derivation of Shift Controls

ALUFM Control Values ALUF Shift Decodes

RSTK Decodes for STK Operations

ASEL Decodes (FF not ok)ASEL Decodes (FF is ok)BSEL Decodes

LC Decodes

FF Decodes

Figure 17

InsSetorEvent_B
EventCntB_B

B_EventCntA’

B_EventCntB’
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