
Instruction

Processor
Cache

Storage

Slow input/output

Fast input/output

EthernetDiskDisplayKeyboard

Fetch Unit

8K-32K
bytes

<==<<

265 MBits/sec
16 bits/60 ns

265 MBits/sec
16 bits/60 ns

120 ns access

530 MBits/sec
256 bits/480 ns

1.7 us access

Figure  1: Dorado block diagram

512K-16M bytes



Storage

StoreReg

FetchReg

FastInBus

W

WW

W

W

W
to IFU

W
to Processor

W
from Processor

...

CacheD
(Cache Data)

WWW
multiplexor

word or block path
FastOutBus

EcGen
(Check-bit Generator)

Fast Input Device

EcCor
(Error Corrector)

Fast Output Device

W
W

WriteBus

W
ReadBus

W
W

W

W

Cache Data Paths Storage Data Paths

word-at-a-time,
16-bit-wide path

block-at-a-time,
16-bit-wide path

Figure 2: Data Paths

Main

<==<<



dfasDFAS
ASDFasdfdfasDFAS

ASDFasdf

dfasDFAS

dfasDFASASDFasdfdfasDFAS
ASDFasdf

PROC

IFU

ADDRESS HITDATA

MAP STORAGE READTR1 READTR2

WRITETR

. .

. . . .

.

Cache pipeline

Storage pipeline

Hits

Misses,

Victim writes

Victim writes

W

Dirty
Victim

I/O refs,

Figure 3: Cache and Storage Pipelines
<==<<

I/O writes



=

Column 2 Column 3Column 1Column 0

tyuiTYUI

56 78
%~ &*vacant beingdirty write

VICTIM
NEXT

VICTIM

MMM

Q
Cache flags

2 0

Base
registers

StoreReg

Cache
data

hit?
.

key row

BR latch

NN MM
Adder

WWW
WW
W

W W W

WW

address Cache
addresses

256 rows
4 columns

2 banks

,

,

mmm

mmm

m
14

16 8 4

16 16 28 m
5

w

ww
Processor

A bus
Processor

B bus

w
0

m
12

W

Data latch address

16

m column

Wm
2

encoder

= = =

Time

32 x 28 bits

x 2 bytes x 2 bytes

m
16

WW
a b c d

FetchReg

CacheA

CacheD

Virtual

CacheD

0 ns

wd V NV

W

2K or 8K2K or 8K

Figure  4: Data paths in the cache

Base reg. ptr.

W
30

60

90

150

120

<==<<

protected loaded

28

m



WW

p p

p
.

W W W
MODULE

VIRTUAL ADDRESS

REAL ADDRESS

p p p
42

STORAGE CHIP

ADDRESS

WORD IN

VIRTUAL PAGE WORD ON PAGE

FLAGSREAL PAGE NUMBER

256K (16K)

16 (12)

10 (8)18 (14)

28 BITS (22)

24 BITS (20)

18 (14)

BLOCK

WWW
WP

MapRAM

dirtyref

n(m) means that with current RAM chips, 

will be n, for which the boards are wired.
the value is m; with future chips the value

Figure 5: Virtual address to real address mapping.
<==<<



. . .

.

.WWW WW

15 14 13 1 0

16 bit serial-in, parallel-out shift register

16 bit parallel-in, serial-out shift register

Bit 0 of word:

Bit 0

Bit 0

WriteReg

ReadReg

WriteBus

ReadBus

MOS RAMs WWWWW
StorageRAM

...

256K, 64K (16K) by 1 bit

See note on Figure 5.

Figure 6: One bit-slice of StorageRAM and its data registers.
<==<<



PROC

MAP

STORAGE

Q ?w| Q ?w| Q? |q
time

?w|

. . . . .
V
A

0 1 2 3 4 5 6 7

76543210

0 1 2 3 4 5 6 7

76543210

ADDRESS

READTR1

READTR2

MapRAM
read

StorageRAM
read

data in
ReadReg

block on ReadBus

error-corrected block on
FastOutBus

FastOutBus

R

R

Storage-
RAM

Map-
RAM

Read
Reg

ReadBus
EcCor

fast
output
device

W
fault reporting

check VA
in CacheA

Map
data out

<==<<
Figure 7: An I/ORead reference



? |q
time

?w|

. .
V
A

Q
.. W

block in

block on
FastInBus

block on
WriteBus WriteReg

fast
Input
device FastInBus WriteBus

EcGen

Qcheck VA
inCacheA W

READTR2

READTR1

ADDRESS

0 1 2 3 4 5 6 7

76543210

0 1 2 3 4 5 6 7

76543210

STORAGE

MAP

PROC W

W

WRITETR 0 1 2 3 4 5 6 7

* *

8 9 10

W
fault reporting

Reg
Write

RAM
Map-

RAM
Storage-

to StorageRAM
write signal

Figure 8: An I/OWrite reference
<==<<



0 1 2 3 4 5 6 7

PROC

ADDRESS

WRITETR

MAP

STORAGE

READTR1

READTR2

RT1 RT2

why

F

F

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

word

0 5 10 15 20 25 30

loading

Q
RThasA cycle
get CacheD

write CacheA

address from History

flags

fetched

fetch

fetch

Figure 9: A clean miss

who is using it
Use of CacheD

<==<<



READTR2

READTR1

STORAGE

MAP

WRITETR

ADDRESS

PROC

CacheD
why

who

76543210

76543210

76543210

76543210

76543210

76543210 8 9 10 11

V

WRITETR

F

F

word

RT2RT1

fetch

76543210

76543210

76543210

****

* * * * ***

fetch’s dirty victim

victim unloading fetch loading

fetched

35 40302520151050

Figure 10: A dirty miss
<==<<



RT1 RT2WRITETR

V

1101980 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

who

why
CacheD

PROC

ADDRESS

WRITETR

MAP

STORAGE

READTR1

READTR2

This is ignored because
the vacant flag is set

flush

* * *

flushFetch

flushFetch’s
dirty victim

* ** * *

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

* * * *

unloadingvictim flushFetch loading

0 5 10 15 20 25 30 4035

fF

F

F

Figure 11: A dirty flush
<==<<



0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

D C C

D

PROC

ADDRESS

WRITETR

MAP

STORAGE

READTR1

READTR2

RT1 RT1 RT1RT2 RT2 RT2who

why
FastOutBus

why

who RT2RT1

CacheD

35 40 45302520151050

*

clean 2clean 1

dirty

* * **C

1clean I/Oread 2I/OreadcleanI/Oreaddirty

dirty I/Ord unload

C * * **

<==<<

I/ORead

I/ORead I/ORead

Figure 12: A dirty I/ORead and two clean ones



READTR2

READTR1

STORAGE

MAP

WRITETR

ADDRESS

PROC

76543210

76543210

76543210

76543210

0 1 2 3 4 5 6 7

8 9 10 76543210

76543210

0198

0 5 10 15 20 25 30 4035

76543210

76543210

76543210

* ** *

*** * ** * * *

W W

W W

1

2

Figure 13: Two I/Owrites
<==<<

I/OWrite

I/OWrite



0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

PROC

ADDRESS

WRITETR

MAP

STORAGE

READTR1

READTR2

RT1 RT1 RT1RT2 RT2 RT2who

why
CacheD

F

F

P

P

S

S

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

76543210

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

word word

* * *

**

* * *

*

loadingfetch prefetch loading store loading

fetch prefetch store

35 40 45302520151050

fetched stored

Figure 14: Cache load conflict for CacheD
<==<<



READTR2

READTR1

STORAGE

MAP

WRITETR

ADDRESS

PROC

CacheD
why

who RT2RT2 RT1RT1

7654321076543210

S

S

F

F

76543210

76543210

76543210

76543210

76543210

76543210

76543210

76543210 8 9 10 11

V

word

WRITETR

word

76543210

76543210

76543210

* * * * * * * ******

* * * * * ******** ****** *

*

loadingstore fetch loading

* * ***

store fetch fetch’s dirty victim

victim unloading

0 5 10 15 20 25 30 5550454035

stored fetched

Figure 15: Cache load/unload conflict for CacheD
<==<<


