


INTRODUCTION

The DEP executes comparison and modification instructions involving
two 128 word register files within the DEP. One of these register
files is shared with the MAP and is used by the MAP for indexed
addressing. This allows the DEP, through a Togical decision process,
to cause the MAP to access data from arrays stored in DATA MEMORY

in a very efficient manner. \

ORGANIZATION OF THE DEP

Figure 6.1 provides a general block diagram of the DEP. That part

of Figure 6.1 which is in black is common to all processors and is
described in Section 2.6. The elements in Figure 6.1 which are in red
are those which are unique to the DEP.

The DEP 1is physically located on the same circuit card assembly which
contains the Memory Address Processor (MAP). The I Register File shown
in Figure 6.1 is shared between the DEP and the MAP in the sense that
this file may be accessed by either processor. These operations of
MAP and DEP are transparent and fully overlapped. See Chapter 7 for
more information on this subject. '

In Figure 6.1 a connection is shown in red from the Control Processor (COP)
to the Processor Status Enable Register via the DATA MULTIBUS. A

similar connection is shown from the COP to the Program Counter through

the ADDRESS/CONTROL MULTIBUS. The contents of the Processor Status

Enable Register and the Program Counter can be modified by COP program
instructions when the AD 10 is in the run mode.

Sections 6.2.3 through 6.2.7 contain diagrams showing the parts of
the DEP which are involved with each of the categories of DEP instructions.

Processor Address

The processor address for the DEP is (2.
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6.1.2

6.1.3

6.1.4

Processor Status Word

cwelerrlo 0 o o |alr]o 0 o 0 o |easecn

156 14 13 12 1 10 9 8 ] 2 1 o
BIT DESCRIPTION
0-2 Remaining Pause Count
3-7 Unassigned
8 DEP is present when set
9 DEP is active when set
10-13 Unassigned
14 Condition Bit indicates the result of the last compare
instruction.
15% If a compare instruction has been performed, this bit is set.

* Once set, this bit remains set until cleared by a READ operation.

The DEP Processor Status Word (PSW) contains information on the current
status of the DEP. The PSW is a read-only register. '

Processor Status Enable

E E ] [} L (] L] L] ¥ ¥ L] T T T )
e ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 0 ¢ 0 @ 0
] Q [ ] ] [} ] [ ] [} [] 4 [ ] [ | [ [}
15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0
BIT DESCRIPTION
- p-13 Unassigned ‘
14 Enables the condition CBIT«§ to the AER Tline.

15 Enables the condition CBIT<«1 to the AER Tine.

The Processor Status Enable Register (PSE) is a write-only register.
This register has the same address as the DEP Processor Status Word.

Program Memory

The DEP program memory contains 1,024 words. Each 32-bit instruction
word is divided into two 16-bit fields. A DEP instruction is normally
loaded as a sequence of two 16-bit words (one per field) from the

host processor. However, each field is individually addressable and
can be accessed from the host processor for a READ or WRITE operation.



6.2

6.2.1

6.2.2

THE DEP INSTRUCTION SET
DEP Instruction Word Format

The DEP’instruction word format is:

1
X | X ] PAUSE CNT | X | X

FIELD 8

3 1 1 i L i 1 [ ) 2 1 i 1

FIELD 1

16 14 13 12 11 10 9 8 7 [ 5 4 3

The bits labelled "X" in the above diagram are unused.
cannot be set and are always read as a .

The categories of DEP instructions are:

COMPARE Instructions

LOAD IMMEDIATE DATA Instructions
LOAD CONDITION Instructions
LOAD/STORE REGISTER Instructions
MOVE REGISTER Instructions
PAUSE/NOP Instructions

Microprogramming DEP Instructions

The unused bits

Figure 6.2 provides a summary of the DEP instruction set. This
summary has been organized into several groupings of instructions

to indicate as clearly as possible the microprogramming possibilities

which exist.

==

DEP instruction can consist of any of the following:

<A> <PAUSE>

<B> <PAUSE>

<C> <D> <PAUSE>

<C> <E> <PAUSE> (See Note 1.)
<CC><DC><PAUSE>
<CC><EC><PAUSE> (See Note 2.)

~H OO o O T o
— e N e e s
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PAGE GROUP
6-9 CMM  (A)
6-10 CMP  (A)
6-13 LDI  (B)
6-14 LFI  (B)
6-15 LSI  (B)
6-25 LIF  (C)
6-21 LTCF (C)
6-33 LXF  (C)
6-29 SIF  (C)
6-37 SXF (C)
6-19 LCF  (cC)
6-26 LIFC (cC)
6-34 LXFC (cC)

 6-30 SIFC (cC)
6-38 SXFC (CC)
6-27 LIS (D)
6-22 LTCS (D)
6-35 LXS (D)
6-31 SIS (D)
6-39 SXS (D)
6-20 LCS  (DC)
6-28 LISC (DC)
6-36 LXSC (DC)
6-32 SISC (DC)
6-40 SXSC  (DC)
6-43 MII  (E)
6-45 MIX  (E)
6-47 MXI  (E)
6-49 MXX  (E)
6-44 MIIC (EC)
6-46 MIXC (EC)
6-48 MXIC (EC)
6-50 MXXC (EC)
6-54 NOP |
6-53 PAUSE
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FIGURE 6.2 DECISION PROCESSOR INSTRUCTION SET




Note 1. If the instruction from group C is a register Load instruction,
the source register for the Move instruction must be the same
numerical address as the source register for the Load instruction.
Thus,

LIFns; MIXnS,nf

and
LXFns; MIXnS,mf

are both valid microprogrammed instructions. If the instruction
from group C is a register store instruction, the source
register for the Move instruction must have the same numerical
address as the destination register for the Store instruction.

Note 2. The comments of Note 1 apply with each of the instructions
from groups C and E replaced by their counterparts from
group CC and EC respectively.
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6.2.3 COMPARE INSTRUCTIONS

The DEP has two COMPARE instructions. That part of the DEP which is
involved in COMPARE obérations is shown below.

<:: DATA MULTIBUS ::>

;“hébMﬁkkE%”*

TO PSW & PSE

 x ReGISTERE
| FiE |

INDEX n

__\I1 REGISTER
e ‘B FILE &

BADDERE

#CONTROLLER AND
JINSTRUCTION DECODERS

INCREMENT

The COMPARE Instructions are:
| CMM Compare and Modify
CMP Compare
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CMM n,k

COMPARE AND MODIFY

i L 1 i I ‘vl V 1 i I L ] 1
1 0 0 p p'p P 0 0 INDEX n FIELD ¢
e S B ————t———t
INCREMENT k FIELD 1
1 1 1 i N 1 i 1 I 3 1 i i 1 '
16 14 13 12 11 10 9 8 7 8 6 4 3 2 1 V]
OPERATION:

IF CP.ZS < Xg(INDEX)

THEN I](INDEX) < Ig(INDEX)+INCREMENT; CBIT <« @

ELSE IF INCREMENT # @
THEN IT(INDEX) < 'IQ(INDEX)-INCREMENT; CBIT <~ 1
ELSE I](INDEX) < IQ(INDEX)-1; CBIT <« 1

ERROR CONDITION(S):
_CBIT if enabled to the AER line.

DESCRIPTION:

The contents of the DATA MULTIBUS FIRST are saved in register CP. The
contents of the specified X register are then compared with the contents
of CP. If X register is greater than or equal to CP, the I register is
incremented by INCREMENT; otherwise, it is decremented. If INCREMENT
is zero, this instruction will increment by zero or decrement by one.

EXAMPLE:

CMM X1,8
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CMP n,k

COMPARE
1 Ik I i i I i ¥ 1 i f i ] [}
g 1 9 9 @ 0 2 9 0 INDEX n FIELD @
e preep—pe et -ttt _
INCREMENT k FIELD 1
1 1 i A i 1 I L L 1 1 1 1 1 1
16 14 13 12 11 10 9 8 7 [ 5 4 3 2 1 o]
OPERATION:
CP.25 <« DMQ
IF CP.25 < XQ(INDEX)

THEN I, (INDEX) < + INCREMENT; CBIT < @
ELSE I,(INDEX) <« - INCREMENT; CBIT <« 1

ERROR CONDITION(S):
CBIT if enabled to the AER Tine.

DESCRIPTION:

The contents of the DATA MULTIBUS FIRST are saved in register CP.
The contents of the specified X register are then compared with the
contents of CP. If X register is greater than or equal to CP, the
I register is Toaded with INCREMENT; otherwise it is Toaded with
--INCREMENT. -‘ .

EXAMPLE:

CMP  X4,32
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6.2.4 LOAD IMMEDIATE DATA INSTRUCTIONS

The DEP has three LOAD IMMEDIATE DATA instructions. That part of the
DEP which is involved with these instructions is shown below.

< DATA MULTIBUS >
)

IMMEDIATE
DATA

CONTROLLER AND
INSTRUCTION DECODER

The instructions are often used to Toad registers in the various

register files (i.e., the I and X Register Files in DEP, the Temporary
Register File in ARP, and the General Register File in COP).

The LOAD IMMEDIATE DATA Instructions are:

LDI Load Double Immediate
LFI Load First Immediate
LSI Load Second Immediate



LDI k

LOAD DOUBLE IMMEDIATE

1 T T Y T T B T | —
1 1.9 8 9 0 P 0 p 0§ P p P 1 1|FIELDY

'y [ I
¥ 1

— 1
INMED}ATE;DATA k FIELD 1

1 i 1 1 1
16 14 13 12 11 10 3 8 7 8" 5 4 3 2 1 0

g
-
-
o3
-

OPERATION:

DM, <+ IMMEDIATE DATA

DM 5 < IMMEDIATE DATA

1

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in the
above specified BUS cycle. .

DESCRIPTION:
The immediate data is placed on the DATA MULTIBUS FIRST and SECOND.

EXAMPLE :

LDI DATA



LFI k

LOAD FIRST IMMEDIATE

1. 1.0 9 9 P 9 9 0 0 0 0, 9. 9, 1 g |[FIELDP
IMMED?ATElDATé k , FIELD 1

18 14 13 12 11 10 9 8 7 -8 5 4 3 2, 1 [0}

B
-l
-
= =
—
e

-
-

-
o

-

OPERATION:

DM] < IMMEDIATE DATA

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in  the
above specified BUS .cycle.

DESCRIPTION:
The immediate data is placed on the DATA MULTIBUS FIRST.

EXAMPLE:

LFI DATA



LST k

LOAD SECOND IMMEDIATE

1 i

T 1 @

i

)

@

1

i

p

i ! ) L

p o D P

] 1
' )

)

A

3
!

1

T { i i
IMMED}ATEIDATQ k \

16 14 13

OPERATION:

DMy 5

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in the

< IMMEDIATE DATA

above specified BUS cycle.

DESCRIPTION:

The immediate data are placed on the DATA MULTIBUS SECOND.

EXAMPLE :

LSI DATA

FIELD 9
FIELD 1



6.2.5 LOAD CONDITION INSTRUCTIONS

The DEP has four LOAD CONDITION instructions. These four instructions
are bit load instructions (i.e., they only affect bit 15 of the DATA
MULTIBUS). The part of the DEP involved in these instructions is shown

beTow.
. DATA MULTIBUS >

CBIT

|

CONTROLLER AND
INSTRUCTION DECODER

The LOAD CONDITION Instructions are:

LCF Load Condition First

LCS Load Condition Second
LTCF Load True Condition First
LTCS Load True Condition Second



LCF

LOAD CONDITION FIRST

i i 1 | | T T T T T T Y 1 I
p,8 90 9 9 9 ¢ 0 9 9 0 0 p 0 9 ¢ |FIELDD
¥ i ¥ ] | | B { 1 1 t 1 1 1 }
11 1,1 9. 9. 0.0 1.9 8, 0, 9, 0, 0, 0 |IELD]
OPERATION:

IF CBIT IS TRUE

THEN DM](]S) < 1

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in
the above specified BUC cycle.

DESCRIPTION: )
If the condition bit is true, bit 15 of the DATA MULTIBUS FIRST is set.

EXAMPLE:

LCF



Les

LOAD CONDITION SECOND

¢ ¢ ¢ ¢ ¢ ¢ ¢ 9o 0 ¢ @ p [FIELD P
p .0 0 0,0 0 FIELD 1

-
-

OPERATION:
IF CBIT IS TRUE

THEN DM].5(15) <

ERROR CONDITION(S):

BUS CONFLICT(DATA), if there is other data on the DM in the
above specified BUS cycle.

DESCRIPTION:
If the condition bit is true, bit 15 of the DATA MULTIBUS SECOND is set.

EXAMPLE :

LCS
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9 ¢ 0.0 6 9 0 0 ¢ 9 0 9, 9, p, 9, pl|IELD D
1,1 1, 1. ¢ 9 0 0 9, 0 0, 0, 0,p,0, p(FIELD]

-4
——
-

b

OPERATION:
DM, (15) < 1

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in
the above specified BUS cycle.

DESCRIPTION:
Bit 15 of the DATA MULTIBUS is set.

EXAMPLE:

LTCF

6-21



LTCS

LOAD TRUE CONDITION SECOND

! L DR B 1 | B— | S—  a— T T :
p .8 0 9 9 9 9 0 0 9 @ P, p 0, 9, p|FIELD D
Y J ] ] 1 B | T (4 T 1 1 { 1 i }
g ¢ & 0 1 1 1 1 ¢ @9 ¢ 9 p, p @ p [FIELD ]
OPERATION:
DM]'5(15) <+ ]

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in
the above specified BUS cycle.

DESCRIPTION:
Bit 15 of the DATA MULTIBUS SECOND is set.

EXAMPLE :

LTCS
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6.2.6 LOAD/STORE REGISTER INSTRUCTIONS

The DEP has sixteen LOAD/STORE REGISTER instructions. The LOAD
instructions are used to load data from an I register or an X register
to the DATA MULTIBUS. Similarly, the STORE instructions are used

to store data obtained from the DATA MULTIBUS into an I or an X

register. That part of the DEP which is involved with these instructions
is shown below. '

N
<<:: DATA MULTIBUS ;>>

| CONTROLLER AND | X REGISTER | {1 REGISTER §
J INSTRUCTION DECODER § | Fie | T

REGISTER ADDRESS & R/W CONTROL

The LOAD/STORE instructions for the I registers are:

LIF Load I First
LIFC Load I First Conditionally

- LIS Load I Second
LISC Load I Second Conditionally
SIF Store I First
SIFC Store I First Conditionally
SIS Store I Second

SISC Store I Second Conditionally
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The LOAD/STORE instructions for the X registers are:

LXF Load X First

LXFC Load X First Conditionally
LXS Load X Second

LXSC Load X Second Conditionally
SXF Store X First

SXFC Store X First Conditionally
SXS Store X Second

SXSC Store X Second Conditionally

6-24



LIF ne

LOAD T FIRST

T T T T T T T T T

p, 9 0, 0 0 0 0 0 p| , . SOURCEn, ,  |FIELD D
' ' ' ! U 1 1 =t } }
r1rop 1 2 ¢ 0 06 9 0 0 00 p P ¢ |FIELD 1
16 14 13 12 11 10 9 8 7 8 3 4 3 ‘2 1 0
OPERATION:
DM

1< IQ(SOURCE)

ERROR-CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in the
above specified BUS cycle.

DESCRIPTION:

The contents of the specified I registerare placed on the DATA
MULTIBUS FIRST. '

EXAMPLE:

LIF 14
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LIFC Ne

LOAD I FIRST CONDITIONALLY

| B R A B T T T U
@ @ 0 @ @ ? @ @ i SOU%CEn £ FIELD @
M T W LA S S e
1 1'w:1 P 0 ¢ 9 1 p 9 9 P 8 0 9 |FIELD 1
1 1 1 1 1 1 1 ) '
16 14 13 12 1t 10 9 8 7 6 Y 4 3 2 1 [¢]
OPERATION:
IF CBIT IS TRUE
THEN DM] <« IQ(SOURCE)

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in the
above specified BUS cycle.

DESCRIPTION:

If the condition bit is true, the contents of the specified I
register are placed on the DATA MULTIBUS FIRST.

EXAMPLE :

LIFC 14
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LIS ng

LOAD I SECOND

¥

ﬂlglwﬂwlglwl 1 ) w rgj Ql wl
Lf i 1 | 1 L i { ' i i
Qc wl Ql wn ]1 ]l 1 1 Q 1 lSOl{RCElnS
OPERATION:

DMy o < I (SOURCE)

ERROR CONDITION(S):

BUS CONFLICT ( DATA), if there is other data on the DM
in the above specified BUS cycle.

DESCRIPTION:

FIELD ¢
FIELD 1

The contents of the specified I register are placed on the DATA

"MULTIBUS SECOND.

EXAMPLE :

LIS 14
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LISC n

S

LOAD I SECOND CONDITIONALLY

1 T T T 1 T T | p— T T

p 9 0 0 0 P P @ 0 0 0 9 0, ¢, p p|IELDP

-ttt —t—ttt—
Q 1 w ] ﬂ LQ I -l 3 ] ] w 3 ] 1 ] L ISOURICEnlS 1 1 FIELD 1
186 14 13 12 11 10 9 8 7 8 [ 4 3 2 1 o -
OPERATION:

IF CBIT IS TRUE

THEN DM].5 < I.S(SOURCE)

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in
the above specified BUS cycle.

DESCRIPTION:

If the condition bit is true, the contents of the specified I register
are placed on the DATA MULTIBUS SECOND.

EXAMPLE :

LISC 14
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SIF n

f

STORE T FIRST

1 T T T T T 1 T T T T 1 T T :
P 0 0 0 P 0 9 P O DESTINATION n. FIELD
e A B pcy s | | B B S .
g 1,1 1.9 0 ¢ 0 @ p 0 9, 0,0, ¢ 0|FIELD 1
16 14 13 12 1 10 9 8 7 8 5 4 3 2 i [0}
OPERATION:
I 5(DESTINATION) < DMg

ERROR CONDITION(S):
None

DESCRIPTION:

The specified I register is loaded with the data on the DATA MULTIBUS
FIRST.

EXAMPLE:

SIF 14
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- SIFC e

STORE I FIRST CONDITIONALLY

i L} A 1 1 1 i v { 4 i L } 1
p. 2. 0. 0 0 0 0 0 91 . DESTINATIONNs
v Y ] t i AL 1 ¥ ¥ ¥ 1 i ¥
glll]l]l Qn wlgl ¢111 Q.QIQ;%@-W.Q

OPERATION:
IF CBIT IS TRUE

THEN 1.5(

ERROR CONDITION(S):
None

DESCRIPTION:

DESTINATION) <« DM

p

FIELD §
FIELD 1

If the condition bit is true, the specified I registeris Toaded with
the data on the DATA MULTIBUS FIRST.

EXAMPLE:

SIFC 14
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SIS ng

STORE I SECOND

D%STINAT{SN ne

OPERATION:

I](DESTINATION) <~ DM 5

ERROR CONDITION(S):
None

DESCRIPTION:

The specified I register is loaded with the data on the

‘DATA MULTIBUS SECOND.

EXAMPLE:

SIS 14
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SISC ny

STORE I SECOND CONDITIONALLY

| B S S AN EUNED SN EE S SR RS SEN R R B

p . 0 2 0 90 0 p P 0 P, 0 0,0 D,0, 0 FIELD ¢
§ 1 ] ~ - 1 =~ ] 1 1 1

6,0, 9,0, 0, 1,1, 1, 1]  DESTINNTIONN . |FIELD 1

16 1 13 12 1 10 9 8 7 8 5 4 3 2 1 [}

-

ot
e

-

OPERATION:
IF CBIT IS TRUE

THEN I] (DESTINATION) <« DM 5

ERROR CONDITION(S):
None

DESCRIPTION:

If the condition bit is true, the specified I register is loaded
with the data on the DATA MULTIBUS SECOND.

~ EXAMPLE:

SISC 14
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LXF ng

LOAD X FIRST

1 T T T T T E—
g 0 0 9 0 0 @0 0 0 SOlURCE ne FIELD 9
.. } } t -t t } } i — }
1 1. 1. 98 0 9 0 0 9 0 0, 9, p, 9 P, ¢ |FIELD ]
OPERATOR:

DM1 <+ Xw(SOURCE)

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in
in the above specified BUS cycle. '

DESCRIPTION:

The contents of the specified X register are placed on the DATA
MULTIBUS FIRST.

EXAMPLE :

LXF x4
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LXFC ng

LOAD X FIRST CONDITIONALLY

¥ 1 1 I ] i 14 1 1 1 1 ¥ i i
p ¢ 0 @ 90 ¢ ¢ 0 @ ~ SOURCE n £ FIELD @
-ttt ettt
-llill.l IQIQIQIQIQI -[l QlQI wl ¢l 0l gl g FIELD l
186 14 13 12 11 10 8 7, (] 6 4 3 2 1 [+]

OPERATION:
IF CBIT IS TRUE

THEN DM, <« Xw(SOURCE)

1

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM in the
above specified BUS cycle. -

DESCRIPTION:

If the condition bit is true, the contents of the specified X register
are placed on the DATA MULTIBUS FIRST.

EXAMPLE:

LXFC X4
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LXS ng

LOAD X SECOND

T | i i { i 1] ! |
P8 08 0 0 0 0 0 0
¥ ] ¥ ] T 1 L}  {
Qlwlmlanll]llxgnﬂ
OPERATION: .
DM <« X.S(SOURCE)

S

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM

in the above specified BUS cycle.

DESCRIPTION:

FIELD #
FIELD 1

The contents of the specified X register are placed on the DATA

'MULTIBUS SECOND.

EXAMPLE :

LXS X4

6-35



LXSC ng

LOAD X SECOND CONDITIONALLY

i i 1 { i 1 1 T T T T T T T T b
$,9,0 0, 06 0 0. 0 0 0 0 P, 0 PP D FIELD ¢
v ! ¥ T i T ¥ 1 1 } } :
p, e, 0,0 1 1 1 9 1 . SOURCE ng FIELD 1
16 14 13 12 11 10 9 8 7 8 5 4 3 2 : o
OPERATION:

IF CBIT IS TRUE

THEN DM].5 + X.S(SOURCE)

ERROR CONDITION(S):

BUS CONFLICT (DATA), if there is other data on the DM
in the above specified BUS cycle.

DESCRIPTION:

If the condition bit is true, the contents of the specified X register
are placed on the DATA MULTIBUS SECOND.

EXAMPLE:

CLXSC X4
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SXF ne

STORE X FIRST

{ I i | i L 1 I ! ! 4 i 1
p .0 ) /) 0.0 0.0 9 . DE§TINATION Ne
L4 ] i 1} | H ] | J 1 1 1 i
1 lQ l.l l~l IQ lglwl |¢lQ wlalglﬁlwlﬁ‘
16 14 13 12 11 10 9 7 6 5 4 3 2 1 0
OPERATION:
X 5(DESTIN/—\TION) + DMQ

ERROR CONDITION(S):
None

DESCRIPTION:

FIELD 9
FIELD 1

The specified X register is loaded with the data on the DATA MULTIBUS

FIRST.

EXAMPLE :

SXF X4
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SXFC Ne

STORE X FIRST CONDITIONALLY

!

1

1 i

i ! i

g ¢ 90 ¢ ¢ P /) DESTINATION n.

} i } } i t } } ¥ ™ ] ¥
]lwllllngxwl lgl] 1glmlwl¢|glQ
16 14 13 12 11 10 8 7 6 4 3 2 1 0
OPERATION:

IF CBIT IS TRUE

THEN X 5(DESTINATION) <« DM,

ERROR CONDITION(S):

None

~ DESCRIPTION:

FIELD §
FIELD 1

If the condition bit is true, the specified X register is Toaded
with the data on the DATA MULTIBUS FIRST.

EXAMPLE :

SXFC X4
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SXS' n

S

STORE X SECOND:

Y T T T T T

Qlwlwlglwlmlwl .Q¢|Qx¢l$=¢=QIQ
v ¥ i L] | A | ' { ¥ 1§ ¥ 1
p, 8,0, 0. 1, 06,1,1,9 DESTINATION ns |
OPERATION:

X](DESTINATION) <~ DM 5

ERROR CONDITION(S):
None

DESCRIPTION:

The specified X registeris loaded with the data on the DATA

MULTIBUS SECOND.

EXAMPLE:

SXS X4
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SXSC n¢

STORE X SECOND CONDITIONALLY

i i i 1 | ! 4 !

| i ! i

g, 8,0 : P, 0: Qi Q: @i p @{ Q; @: ﬂ; Q:
0 5 Q ] Q 1 w A -[ 1 ﬂ 1 ] 1 .l i -l 1 DIESTIINATIlON rl]q
OPERATION:

IF CBIT IS TRUE

THEN X1(DESTINATION) %_ DM 5

ERROR CONDITION(S):
None

DESCRIPTION:

FIELD @
FIELD 1

If the condition bit is true, the specified X register is loaded
with the data on the DATA MULTIBUS SECOND.

EXAMPLE:

SXSC X4
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6.2.7

MOVE REGISTER INSTRUCTIONS

The DEP has eight MOVE instructions which are used to transfer the
contenfs of one I or X register to another I or X register. These
data transfers take place via the internal DEP Data Bus (DEP DB).
That part of the DEP involved in these internal MOVE instructions

is shown below.

DEP DATA BUS

I CONTROLLER AND |

§ INSTRUCTION DECODER §

1 ReGISTER
G

X REGISTER |

H l

REGISTER ADDRESSES AND R/W CONTROL

The DEP MOVE instructions

MII
MIIC
MIX
MIXC
MXI
MXIC
MXX
MXXC

Move
Move
Move
Move
Move
Move
Move
Move

I

[ . = B e

to
to
to
to
to
to
to
to

are:

I

I Conditionally
X

X Conditionally
I

I Conditionally
X _

X Conditionally



MII Neshg

MOVE I (nf) to I (ns)

1 T T T 1 T T T T T 1 T I
) 2 P 9 SOURCE n £
1 t } } g —
Ji] g 9 1 DESTINATION n
i ] 1 A 1 1 1 1 i 1 i LS
16 14 13 1 11 10 5 4 3 2 1
OPERATION:

I](DESTINATION) <« 1

ERROR CONDITION(S):

None

DESCRIPTION:

(SOURCE)

FIELD ¢
FIELD 1

The contents of the source I register are pTaced in the destination

T register.

EXAMPLE:

MIT 14,15
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MIIC Neafg

MOVE I(nf) to I(ns) CONDITIONALLY

T 1 T | T T | I

I

1

}

P9 0 0 0 0 P 0 P . SOURCE, n |

¥ ¥ ] t v bl | ] I i I ¥ i 1
@ 1 @ I m i @ i Q A ] 1 w [ ] 1 1 | DEIS-I.I'\IIA-I-IOJ\l n £
16 14 13 12 11 10 9 8 7 3 4 3 2 1 0
OPERATION:

IF CBIT IS TRUE

- THEN I](DESTINATION) < I@(SOURCE)

ERROR CONDITION(S):
None

DESCRIPTION:

FIELD §
FIELD 1

If the condition bit is true, the contents of the source I register

are placed in the destination I register.

EXAMPLE:

MIIC 14,15
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MIX NesNg

MOVE I(ng) to X(n.)

T T T [ ! !

1

! I I i
g i G i ¢ i Q L ¢ L 0 L g 3 w [l g ASOURICE nlf 'l ]l
v L} ] i | Ml i { ¥ ¥ ¥ i 1
w ] g ] ﬂ i Q i ] 1 Q 1 w 3 ] H Q PESTIINATIION an 1
16 14 13 12 11 10 9 8 7 4 3 2 1
OPERATION:
X](DESTINATION) <« Ig(SOURCE)

ERROR CONDITION(S):
None

DESCRIPTION:

The contents of the source I r

X register.

EXAMPLE :

MIX 14,X5
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MIXC nc.ng

MOVE I(nf) to X(ns) CONDITIONALLY

\ | 1 { || 1 { ] 1 i { i I‘ 1
p o 0 0 90 @ 0 @ - SOURCE ng FIELD ¢
1 B o e B
g 9 . @ 0 1 @ . ] : T 1 DEST'INATlION‘nS L FIELD 1
186 14 13 12ll'l 10 9 8 7 8 5 4 3 2 1 4]
OPERATION:

IF CBIT IS TRUE
THEN X](DESTINATION) < IQ(SOURCE)

ERROR CONDITION(S):
None

DESCRIPTION:

If the condition bit is true, the contents of the source I register
are placed in the destination X .register.

EXAMPLE :

MIXC 14,5
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MXI nge,ng

MOVE X(n

p 0

{ { 1
SOURCE ng
] i 1

-r

1
L]

p 9

A
¥

bEST&NAT?ON "
1 ] § 1

S

OPERATION:
I](DESTINATION) <« X

ERROR CONDITION(S):

None

DESCRIPTION:

f) to I(ns)
. T 1
p 0 D
g0 0

SOURCE)

4 3

2

1

0

FIELD 2
FIELD 1

The contents of the sourceX registerare placed in the destination I

register.

EXAMPLE :

MXI

X4,15
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MXIC ng,ng

ERROR CONDITION(S):

None

DESCRIPTION:

MOVE X(ng) to I(n.) CONDITIONALLY
T " T 1 1 T 1 T 1 7 T T ]
0 g 9 g SOURCE ng
PRI DESTINATION n.
1 |Q | Lwl.l 1 1. 1 ] 1 i } 1 nlS
16 1 11 10 7 6 4 3 2 1
 OPERATION:
IF CBIT IS TRUE
THEN I, (DESTINATION) < X;(SOURCE)

FIELD ¢
FIELD 1

If the condition bit is true, the contents of the source X register
are placed in the destination I register.

EXAMPLE:

MXIC X415
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MXX N ,ng

MOVE X(n.) to X(n)
| S S S R S Sum s— T T
9 £ g } g 3 @l 0 N Q~. g L Q. p 1 .SOU‘RCE nnf 1 1 |FIELD B
¥ ¢ 1 ' \ =l L] v i [ | I | 1 ¥
. P ' 0 BT e 1, 0P . lDESlTINAITIONl n FIELD 1
16 14 13 12 11 10 9 8 7 [} 6 4 3 2 R | 0

OPERATION:
X](DESTINATION) < Xﬂ(SOURCE)

ERROR CONDITION(S):
None

- DESCRIPTION:

The contents of the source X register are placed in the destination
X register.

EXAMPLE :

MXX X4,X5
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MXXC ne,ng

MOVE X(ng) to X(n_) CONDITIONALLY
i I 1 T i L | i 1 ' ] i
0 0.0.0 0.0 0 0. 7 SOURCE "¢ FIELD 9
] 1 i 1 Y L L t 1 i1 . 1 1 1
"9 9 ¢ 1 ¢ 1 @ 1] ' DESTINATION n.  |FIELD 1
) X 1 i 1 1 [ 1 X i 1 1 1 S
16 14 13 12 11 10 9 8 7 [¢] 6 4 3 2 1 0
OPERATION:

IF CBIT IS TRUE
THEN X](DESTINATION) < XQ(SOURCE)

ERROR CONDITION(S):
None

" DESCRIPTION:

If the condition bit is true, the contents of the source X register
are placed in the destination X register.

EXAMPLE :

MXXC X4,X5
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6.2.8 PAUSE/NOP INSTRUCTIONS

The PAUSE instruction may be microprogrammed with any other DEP
instyuction or it may be issued as a stand-alone instruction.
The NOP instruction is only used as a stand-alone instruction.
The NOP and PAUSE instructions are defined below.
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PAUSE d

PAUSE FOR d INSTRUCTION CYCLES

T 1 T T T T T T ¥ T T ] ¥
¢|Qlﬂ1¢ .d. guwl |wnwlg|¢|®lQ
v ¥ I LI I | ] v r ¢ i !
P9, 0,0 0, 0, p. 0, 0. 0,0, 0, 0,0, 0

OPERATION:

None

ERROR CONDITION(S):
None

DESCRIPTION:

Suspend execution for d

EXAMPLE:

PAUSE 6

FIELD @
FIELD 1

S . instruction cycles following the PAUSE
instruction. This has the same effect as (d+1) NOP's.
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NOP

NO OPERATION

1 1 1 | ]

o0 9,0 0 0
L i 1 t I
p 8. 0 0 B 0
OPERATION;
None

ERROR CONDITION(S):
None

DESCRIPTION:

Suspbends execution for one instruction cycle.

EXAMPLE:
NOP
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7.0

7.1

THE MEMORY ADDRESS PROCESSOR -

INTRODUCTION

The MEMORY ADDRESS PROCESSOR (MAP) initiates Data Memory read/write
operations and may be viewed as the AD 10 Data Memory controller. The
MAP has instructions to perform both direct addressing and indexed
addressing as well as instructions for two types of address mapping,
aligned and unaligned. The MAP is only concerned with addressing Data
Memory and has no control over the correspond1ng data to be written

to or read from Data Memory.

ORGANIZATION OF THE MAP

A block diagram of the MAP is shown in Figure 7.1. That part of Figure
7.1 which is in black is common to all processors and is described

in Section 2.6. The elements in Figure 7.1 which are in red are
" those which are specific to the MAP A more detailed diagram of key

Data Memory read/writé’dpera+ions may be either indexed or non-indexed.
The 1 register file and the adder are - involved in indexed address
operations. Indexed address operat1ons are discussed in Section 7.2.3.1.

The MAP is physically located on the same circuit card assembly which
contains the Decision Processor (DEP). The I register file, shown

in Figures 7.1 and 7.2, is shared between MAP and DEP in the sense that
it may be accessed by‘either'processor. The MAP is Tlimited to read-

only access to the I register file. The DEP may perform either read

or write operations on the I register file. See Chapter 6 for more
information in this regard. NOTE: It is possible for a given register
i the I register file to be accessed by both MAP and DEP in one
instruedionecycle. Inrthis event, the register read operation required
by MAP is performed before the registek operation specified by the DEP
instruction ‘and no conflict occurs.

7-1



MAP CONTROLLER
AND
INSTRUCTION DECODER

ADDER

cess s as s s s e se ot sae ﬁ 18b_its

eeane +] ES]sl15 bits |

LS 18 bits ]
I !
| |

~—

| = | ApDR.
PLE | SUM < @7 NON-INDEXED ADDRESS: | ADDR = a

INDEXED ADDRESS: [-ADDR

co®
.........
.
s ®

I
REGISTER
FILE

a +I(n)

i

ARITHMETIC
OVERFLOW
ERROR?

PAGE HIGH ERROR
DETERMINATION

PHE

§ COMPARE WITH . ADDRESS
USER-SPECIFIED. |~} ALIGNMENT
UPPER PAGE BOUNDARY § ~ =-§ -+ NETWORK
PAGE WORD
ADDRESS } ADDRESS
| 4 W ‘
| ADDRESS/CONTROL MULTIBUS

T T FIGURE 7.2 MAP INSTRUCTION ADDRESS OPERATIONS



7.1.1

7.1.2

The MAP instructions allow the address output to the Data Memory to
be either "aligned" or "unaligned". If the MAP instruction calls for
an unaligned address read or write operation, the address specified ;
as part of the MAP instruction or the computed indexed address is
output directly to the Data Memory via the ADDRESS MULTIBUS as

“described in Section 7.2.3.2.  Thus, an unaligned addressing'operation'

may be viewed as an absolute addressing operation. If an aligned
address read or write operation is specified, the address output from
the MAP to Data Memory is obtained as the result of an operation per-
formed by the address alignment network (see Figure 7.1) on the address
specified as part of the MAP instruction or on the computed indexed
address. The operation performed by the address alignment network.

is described in Section 7.2.3.3.

Connections from the COP to the Processor Status Enable Register via

‘the DATA MULTIBUS and from the COP to the Program Counter via the

ADDRESS/CONTROL MULTIBUS are shown in red in Figure 7.1. These
connections indicate that the Processor Status Enable Register and the
Program Counter can ;be changed by instructions in a COP program when

~the AD 10 is in the RUN mode.
- Processor Address

’The Proéessor addgqssvaY fhé MAP)i$;¢1“1 i:

Processor Status Word

P P L —' . L 4 L L
PRHIL]® @ QGFARP|® @ @ @ @] PAUSE CNT
EJE]E ¢ e [ I I | 3 el
16 14 13 12 11 10 » 8 7. 8 5 + 3 2 1 0
BIT ~ DESCRIPTION
p-2 Remaining PAUSE count.

-3-7 Unassigned
.8 MAP is present when set.

9 MAP is active when set.

1#-12= = ¢ Unassigned

13*  _ Page Low Error. Set if the page address is a negative number.
14% Page High Error. Set if the page address exceeds the

‘programmer specified upper page boundary or if an arithmetic
overflow occurs on the computation of an indexed address.
156% Page Error. Set if either PLE or PHE occurs.
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7.1.3

7.1.4

* Once set, these bits remain set until cleared by a read operqtion.

The MAP Processor Status Word (PSW) contains information on the current
status of the MAP. The PSW is a read-only register.

Processor Status Enable

ETETE S 7 " | UPPER MEMORY PAGE
[—; A B A BOUNDARY
V15‘ 14 IJ.3 12 114104 9 B‘ 7 6» 5 v4 3 2 Al 0
BIT DESCRIPTION
g-5 Upper memory page boundary. Usér specified upper page in

Data Memory. Since there is no hardware protection in the
Data Memory to indicate that a page addressed is not
physically present, this allows the user to protect him/her
self. NOTE: The upper memory page boundary should be
specified in any instruction which set bit 14, since the
hardware does not provide a default setting for these bits.

6-12 Unassigned.
13 Enable the PLE 1ine to the AER line.
14 Enable the PHE 1ine to the AER line.
15 Enable error on above two conditions (i.e., PE) to the AER
Tine.

TheiPro;esébr Status Enable Register (PSE) is a write-only register.

Thisiregister has the same address..as. the MAP Processor Status Word.

aTH -
e in

Program Memory

The MAP program memory contains 1,024 words. Each 48-bit instruction
word is divided into three 16-bit fields. A MAP instruction is normally

' Toaded as a sequence of three 16-bit words (one per fier) from the

host processor. However, each field is individually addressable and N
can be accessed from the host processor for a read/write operation.

L o g
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7.2 THE MAP INSTRUCTA ) SET
7.2.1 Map Instruction Word Format

The MAP instruction word format is:

x| x [ x]x]Px|x]x | pause count] FreLD g
. oI x I xfxpx bx]x | FiED 1
N FIELD 2

16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o

- The bits labelled "X" in the above diagram are unused. The unused bits
cannot be set and are always read as a @.

Figure 7.3 provides a summary of the MAP instruction set.
‘In each MAP réad or write instruction, bits @ and 1 of Field 1 are

| appended to Field 2 to form the address portion of the instruction.
/ The format for this address information is:

MSB . e ; LSB .
N e i '
N g, 15 R | 9,
{ ' ' '
l ! , '
\FIELD i —~ FIELD 2 »
: , , '

(T

Bits 8 through 14 of Field 1 are used to specify the address of the
register in the I register file which contains the index to be used in
~.a read or write instruction which involves indexed addressing.

T

7}2.2f“ Map..Je-trugtion Microprogramming

The only microprogramming allowed in a MAP instruction is that of a
PAUSE instruction with a read instruction or a write instruction.

7-6



7.2.3

7.2.3.1

Read/Write Instructions

F1gure 7.2 shows details of that part of the MAP which determines the
page and word addresses to be transm1tted via the ADDRESS/CONTROL
MULTIBUS to Data Memory in a read or write operation.

Every read and write instruction specifies an 18-bit address "a" to

be used in determining the actual address to be transmitted to Data

.Memory. In addition, the instruction also specifies whether or not

the address "a" is to be indexed and/or aligned.
Indexed Addressing

An indexed address is obtained by adding the contents of one of the
128 registers in the I register file to the address "a" specified in the

read“or write instruction. An instruction which involves an indexed

address contains a 7-bit number "n" which specifies the register in the

I register file which is to be used.

vﬁu

The adder shown in Figure 2. 7 1s used to compute indexed addresses.
Both the address "&" gnd thp contents of the spec1f1ed I reg1ster

- _'are treated as int Fps in two's- comp]ement format by the adder.

This: allows the 1n‘”xe¢ address to 11e anywhere in the range

[a - 32,768] to [a ~ }2 767]. Dependwng on the specified address "a'*
and the contents of the specified I register, it is possible for the
computed indexed address to be a negative number. Since all valid

Data Memory addresses are non-negative, a computed indexed address

which is a negative number represents an error situation. The output

of the adder is checked to determine whether or not the computed indexed
address is negative. If it is negative, a Page Low Error (PLE)
condition is generated. (See Figure 7.2).

% NOTE: The address "a" is a positive integer. See Figure 7.2.

DL e 4

7-7



8-L

PAGE

7-25
7-26
7-28

- 7-29
7-30

7-27
7-11
7-12
7-14
7-15
7-16
7-13

- 7-31
- 7-32

7-34
7-35
7-36
7-33
7-17

- 7-18

7-20
7-21

- 7-22
- 7-19

7-40
7-39

RAD
RAF
RAID
RALF |
RAIS V
RAsfjﬂ
RUD
RUF
RUID
RUIF
RUIS
RUS
WAD
WAF
WAID
WALF
WAIS
WAS
WUD
WUF
WUID
WUIF
WUIS
WUS
NOP
PAUSE

AONOVOOTNN S

mﬁ'MNH&O\OOI\
~ e~ et

NS LOTONA[RNO~N OO N S
— et e e -

\ FIELD P - FIELD 1 FIELD 2
xfpx X x{x xx{xoolg11{opoxloo @lg poleg X x|xxx|xDAJTA MEMORY ADDR.
x{xxxfxxxlxpwolppiloosofxloooloogole xx|xxx|xpaTA MEMORY ADDR. -
xpx xxlxxx|xoolt11fjpooxl«ctnoEx-xxxxx[xDAQTA MEMORY ADDR. o
XX xx{xxx|xooj1pyppofxl<INDEX>Xx|XxXxxXx[xDAJTA MEMORY ADDR.~
xx xxfxxx{xpoli1olp oo x|« INDEX>XxX[xXX{[xDAJTA MEMORY ADDR.=
x{xxx{xxx|xoolg1olooolxleooloosgxx|xxx|XDAJTA MEMORY ADDR.~
X{xxxpxxxlxt1olp11lpoo I xiooolpoplex x|xxxlxDAfTA MEMORY ADDR. -
XX XXIXXX|X1p{0o1{oppRxg0p|gopdXX|XXX|xXDAJTA MEMORY ADDR.
xpxxxIxxx|x10/111j0 0 8 X}]« INDEX>XX[XXX|XDAJTA MEMORY ADDR.
XIXxxfx xx|x1oj1e1yp oo« INDEX>XX[XxXX[xDAJTA MEMORY ADDR.~
XX XXX X X[X10/11p|/0pp X« INDEX>XXXXX[XDAJTA MEMORY ADDR.~
XIXXXIXXXIX101010|000f X|000|00 0|0 X XIXXX{(XDAJTA MEMORY ADDR. »
Xixxxixxxjxopi11eoox{ooolpoolo x XX XX{XDAJTA MEMORY ADDR.-
Kxxx|xxxjxoioe ypopxloeojoanje xx|xxx|]xDAfTA MEMORY ADDR.-
XXX x|xxx{x @0 1{114p g @ f x|« INDEX>XX|[XXX{XDAJTA MEMORY ADDR.
xIx xx|xxx[xp11psoo x|« INDEX>XxxXxXx|xDAJTA MEMORY ADDR.~
x{xxx{x xx|]xg 11 1olppp x|« I NDEX>XxX|xXxX[xDAfJTA MEMORY ADDR.=
XX xx|xxxixp1p1olgpafxpooolooalexxxxx{xDbAJTA MEMORY ADDR.~
x{xxx{xxxix11g11pooxlepojpoolpxx[xxx{xDAJTA MEMORY ADDR. =
XX xx|xxxjx11poo Hopo fx{onolooolgxx|xXxXx|[xDAJTA MEMORY ADDR.
XXX XX XxX|x11111ppp X[« INDEX>XX[XXX|XDAJTA MEMORY ADDR.
XX x x{x xx{x11{1p1ppp <« INDEX>xX|XxXX|XDAJTA MEMORY ADDR.~
X[x x x[x xx{x11{11p/poo fx{« INDEX->XX[xXX{[xDAJTA MEMORY ADDR.-~
xIx xx|xxx|x11o10lpeplxlevoloonlexx|xxxxoaAlTA MEMORY ADDR.=~
X{x x x{x xx{xgolpooloo s} xiooolooolpxxixxxixee qﬁaq@wwwwqaﬂqua
XIX XXX XX|X B0 PP« d-Q (0000000 XX|XXX|XCOQO|0O0|0o00|000|00 0|00 0
ot Rk R 010 e

‘FIGURE 7.3 MEMORY ADDRESS PROCESSOR INSTRUCTION SET



The output of thg 1ddpr is also checked to determine if an ar1thmet1c
overflow has occuqu #n the computation of an indexed address. Because
of the modulo 2]9 wryparound which occurs in an arithmetic overflow
situation, the resulting page address could 1ie within the range of
valid page addresses (i.e., between page @ and the user‘specified upper
memory page boundary). This is clearly an error situation as the ,
indexed address is trying to call for a memory page whose address is
greater than 63. Thus, a Page High Error (PHE) condition is generated
if an ar1thmet1c overflow occurs in the adder.

7.2.3.2. vUna]ighed Read/Write Instructions
In Figure 7.2, the output of the adder s labelled ADDR. For non-
indexed read or write operations:
ADDR <« a
For indexed read or write instructions:
ADDR <« a +.I(n)
If the read or write instruction spec1f1es an-unaligned address, the
'address e]1gnment network s1mp1y outputs ADDR to the ADDRESS/CONTROL
MULTIBUS as follows: . = ~z,_'@xyﬂfﬁy o
AM, (14:19) <« ADDR¢(12:17) (PAGE ADDRESS)
AM](¢:11) < ADDRﬂ(ﬂzll) (WORD ADDRESS)
The operation of the address alignment network for an unaligned read
or write instruction is illustrated in the fo11owing diagram: |
T L RO | ] ’ 1 ] L
o ADDRESS FROM ADDER (FIGURE 7.2) = . .
| . _1
R <UEX] 16 16 14 13 }ln to0 9 8 ? [ 6 4 3 2 1 orl
‘ ACHINETIEN v LU e 2
P 7, ,/ N
- "'ﬁv‘:‘)" T Y | L ISR BRI N | T 4 ' ' '
PAGE ADDRESS | e WORD ADDRESS
s__.f___ 3 27 o g11 10 @ 8 7 8 8 4 3 2 1 o
5 h o e Ty
' ' ! !
L v ] v L} ] ¥ ¥ ] v L]

T T T T T T
éDDRESS/CONTEOL MULTIBUS

18 17 1e 16 14 13 12 11 10 9 ¢ 1. .. 8 A3 N



* The unaligned read/write instructions are: ’ ' ;

RUD a READ UNALIGNED DOUBLE

RUF a " READ UNALIGNED FIRST

RUS a READ UNALIGNED SECOND

RUID a,n READ UNALIGNED INDEXED DOUBLE.
"RUIF a,n | READ UNALIGNED INDEXED FIRST
RUIS a,n ~ READ UNALIGNED INDEXED SECOND
WUD a WRITE UNALIGNED DOUBLE

WOF a - . WRITE UNALIGNED FIRST

WUS a WRITE UNALIGNED SECOND

WUID a,n ‘ * WRITE UNALIGNED INDEXED DOUBLE
WUIF a,n WRITE UNALIGNED INDEXED FIRST

WUIS a,n _ WRITE UNALIGNED INDEXED SECOND
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RUD a

READ UNALIGNED DOUBLE

| SN SN B DA RIS R N ERS MEEEAS SN SIS SaamE S S

p. o 9 90 90 0 9 90 1 p @, 1 1 ¢, 0, @|FIELD P
- i ] '

P 0 @ 0 9 0 9 ' ' ) HI :a FIELD 1
' FIELD 2

.00 0. 0. 0,0
| § ) ] 11
LO ADDRESS a :

~ OPERATION:
AM, < UNALIGNED(ADDRESS)

- AM; .« UNALIGNED(ADDRESS+1)

1.5
’ DM, < MEM, (ADDRESS)

.DM5‘5_»+ MEMT.S(ADDRESS+])

ERROR CONDITION(S): |
1.. Memory page accessed too soon after previous access.
2. BUS conflict (ADDRESS,DATA), if there is other data on the AM or the
DM in the above specified BUS cycles., ‘
3. Page address overrange if enabled to AER Tline.
DESCRIPTION: T o o
- An address pair is sent out bnwthe-ADDRESS MULTIBUS to Data Memory.*
After a delay, data will appéar“onw;he DATA MULTIBUS. -
*This instruction is included primarﬁIy for maintenance purposes;

a memory page access error will occur if ADDRESS is not the last
address of a memory page. - '

EXAMPLE:

CRUD  FUNI
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RUF a
- READ UNALIGNED FIRY '

L ¥ T T ™ T T T T LI | T
wl gl ﬁ. gl wl ¢l gl gl 1! ¢| gl'gl ]i g Qnﬂ FIELDﬂ
v L T T i 1 | 1 i T T | | T _
b, 0, 0, 0 0 0 0. 0 p 0. 0 0 0, p|MaAIFIEDT
T T T | ¥ 1 ' 1 L
ey . ., ORORESSa ., |FEoe
16 14 13 12 11 10 9 8 7 e 6 4 3 2 i0

OPERATION: :
AM; <« UNALIGNED(ADDRESS) -

1
DM. <« MEM](ADDRESS)

5

ERROR CONDITION(S):
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.

3. Page address overrange if enabled to AER line.

DESCRIPTION:

The address is sent out on the ADDRESS MULTIBUS to Data Memory.
After a delay, data appears on the DATA MULTIBUS.

- EXAMPLE:

RUF - FUNT

T S g
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- RUS a
READ UNALIGNED SECOND

Y Y T T T T T Y T T T | T T T

p. 0.0 0 ¢ P 9,0, 1.0.0,1,0,0, 08, p|]FIELDY

9.0 0,0, 0,90 0,0,0.0,0,0]p,p]Ha]FEDT
o T T T 10 ADDRESS a. ' ) |
L 1 L. 1 1 1 1 ] 1 1 A [ L 1 1 FIELDZ
18 14 13 12 11 10 9 8 7 [ 5 4 3 2 1 [

OPERATION: ; |
’ My g« UNALIGNED(ADDRESS)

. DM5.5 < MEMT{5(ADDRESS)

ERROR CONDITION(S):
1. Memory page accessed too soon after previous access.

- 2. BUS conflict (ADDRESS DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3. Page address overrange if enabled to AER line.

DESCRIPTION:

The address is sept out on the ADDRESS MULTIBUS to Data Memory.
After a delay, g ta w111 appear on the DATA MULTIBUS.

- EXAMPLE:

RUS FUNI
ey
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" RUID a,n

READ UNALIGNED INDEXED DOUBLE

i ! ] L L ¥ ' ¥

+
p o 9o 90 9 0 0o £ 1 p 1 1 1 P @ P|FIELD @
1 Iy ¥ [ L | S ‘1 [ [ . | (1 [} .

' T T T 1) | 1 1 1 1 ¥ T
) INDEX n p o 0 0 P PHI a |FIELD 1
o L 2
LO ADDRESS a FIELD 2 -
I 1 1 1 1 5 1 1 1 5. 1 1 1 i
16 14 13 12 11 10 9 ] 7 ] 5 4 3 2 1 0

OPERATION: |
AM; <« UNALIGNED(ADDRESS+1;(INDEX))

AM < UNALIGNED(ADDRESS+I¢(INDEX)+1)"

1.5
DM5 <+ MEM](ADDRESS+I¢(INDEX))‘
DM5.5 + MEM].5(ADDRESS+I¢(INDEX)+1)

ERROR CONDITION(S):

1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS,DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.

.3, Page'address oveerQQe/underrange if enabled to AER line.

* DESCRIPTION:

The address is obtafﬁéd by addingjthe inen}address with the specified
INDEX register. An address pair-is, sent out on the ADDRESS MULTTRUS
DatavMemory.* After a delay, data will appear on the DATA MULTIBUS.

* This instruction is included primarily for maintenance purposes;
a memory page access error will occur if the indexed address is

not the last address of a memory page.

- EXAMPLE:

RUID FUNT,I6

e = .
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RUIF a,n

READ UNALIGNED INY 0 FIRST

Y 1 T T 1:‘"/ | p— T T T Y T T T T :
Q & Q‘.Duﬂnﬂiﬂlﬂ ]lﬂ11|¢|]1¢ ngFkIELDﬂ
F b‘ L L] ' I ] LD ' ' | L L 3
p{ , . L INEXn . @9 p. .9 ¢ @ p|Hl a|FIELD]
PENSE mamam T 1 1 4 1 1 1 ¥ 1 Y
s LO ADDRESS a FIELD 2
-k 1 [ 1 2 1 1 i [ i [ 1 | S |
16 14 13 12 11 - 10 9 8 7 6 5 4 3 2 1 0 ’
OPERATION:

AM.I + UNALIGNED(ADDRESS+I¢(INDEX))
DM5 + MEMl(ADDRESS+I¢(INDEX))

ERROR CONDITION(S):
’ 1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS,DATA), if there is othef data on the AM or the
. DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER line.

" DESCRIPTION:

The address sent out on the ADDRESS MULTIBUS to Data Memory

is obtained by adding the given address to the contents of
- the speeified INDEX register. After a delay, data will appear
- on the DATA MULTIBUS.. L L

EXAMPLE :

RUIF  FUN2,19

C e K L &
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RUIS a,n

"READ UNALIGNED INDEXED SECOND

T T T T T T T T T T T T
g g\ 9. »l Dt ¢| ﬂl ﬂ ]I 9« 1 ll ] 1 ﬂl g gl g FIELD g
1 ) L  § | | ] ) | | ¥ ) | L | ] 1
p{ , INDEXn o @ p p @ @ pjHla|FIELD ]
) | | ] | § | ) ¥ 1§ 1 ¥
Co LO ADDRESS a ~ fJFIELD 2
L [l 1 1 L 1 | § 1 1 | 1 1 1 1 1
156 14 13 1.2 11 10 9 8 7 8’ 5‘ 4 3 2 1 (4]
"OPERATION:

AM] 5 * ,UNALIGNED(ADDRESS+I¢(INDEX))
'DM5.5 + MEM].5(ADDRESS+I¢(INDEX))

 ERROR CONDITION(S):
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS,.DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER line.

”fDESCRIPTION'

The address sent<out on the ADDRESS MULTIBUS to Data Memory is
~obtained by adding the given address to the contents of the
-~ specified INDEX reg1ster After a delay, data will appear on the
: DATA MULTIBUS. s L S S

EXAMPLE:

CRUIS A,I4
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WUD a

WRITE UNALIGNED DOUBLE

| E— T T | R B T 1
p 9. 0 9 9 9, 0 9 1. 1,9 1 1 9, 9, gFIELDD

g ¢ p P 0 P 0 0 9 9 9. 0, p, p|H a]FIELD 1

| /] ' 1 L [}

L0 ADDRESS a | " IFIELD 2
1 1

e
e
-
e
L o

- OPERATION:

AM1 + ,UNALIGNED(ADDRESS)

AM] £ UNALIGNED(ADDRESS+1)
MEMS(ADDRESS) < DM1

EMSOS(ADDRESS+]) < DM].S‘

ERROR CONDITION(S) |
,1. Memory page accessed too soon after previous access.
2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.
‘ 3.v Page address overrange 1f enabled to AER ]1ne

DESCRIPTION

An address pair is sent out on the ADDRESS MULTIBUS to pata Memory.
Data Memory takes the data pair from the DATA MULTIBUS, and, after a
‘delay, stores the data at the spec1f1ed addresses.*

- *This instruction is 1nc1uded primarily for maintenance purposes;

a memory page access error will occur if ADDRESS is not the last
address of a memory page.

 EXAMPLE:

' B WUD FUNI

G SE D g
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WUF a

WRITE UNALIGNED FIR(T

T T T T 1™ T T T | E pa— T 1 T

. 8.9 0 0. ¢, 0,8,1.1.0,90.1,0,0,p|FEDD

=t
g 0.0 0 0 0 p 0 6 9 9 p g ¢ |H a FIEDI

1 1 i 1 3 [l 1 [
v | ] 1 ] L] v L)

o
ey
-y
L od
-
-

: 1 1 1 R | kO’APDREﬁsa 1 1 L 1 1 1 FIELD 2
-',.6,“ ’13 12 11 10 9 8 7 ] 6 ’4 3” 2"‘_ A1 70
OPERATION:
AM] < UNALIGNED(ADDRESS)
MEMS(ADDRESS) « DM]

ERROR CONDITION(S): | |
1. Memory page accessed too soon- after previous access.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3.  Page address overrange if enabled to AER line.

DESCRIPTION: o :

The address is sent out on the ADDRESS MULTIBUS to Data Memory.
Data Memory takes the data on the'DATA MULTIBUS and, after a delay,
-~ stores the data at the specified address.

;

- EXAMPLE: -

WUF FUNT

o T g
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WUS a

WRITE UNALIGNED SECOND

1.5
EM5‘5(ADDRESS) ’+~ DM

-1 T L] ’ 1 | ) | 1 T ! ! T lr T 1 FIELD
w Y w Y w ) g + Q 1 Q 1 Q 1 Q 1 ] 1 ] [3 w g 1 ¥ Q [ g ¢ [ 0 ﬁ '
i v ] L4 ] ¥ ¥ | ¥ ¥ L} L ] T FIELD ]
w 1 g [ ¢ [ ] g 2 @ 1 w 1 Q 1 g ] ﬂ 2 g 4 g Il w 1 Q ‘9 ¢ HI a
| 1 ) ] 4 | ] ¥ |} ] | | ¥ FIELD 2
N 1 [ 1 1 1 IIO ADDRE§S a 1 1 1 i 1 1
15 14 13 _1~2 11 10 9 8 ? 8 ‘5 4 B 3_ ‘_’2 7 1 o .
'OPERATION: |
AM <« UNALIGNED(ADDRESS)

1.5

ERROR CONDITION(S):
1.. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) , if there is other data on the AM or the
- DM in the above specified BUS cycles.
3. Page address overrange if enabled to AER line.

DESCRIPTION

The address is sent to Data Memory on the ADDRESS MULTIBUS Data
- Memory takes the,data on—the DATA MULTIBUS, and, after a de]ay,
« stores the dataﬁat the specified address.

EXAMPLE:

WUS FUNT
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 WUID a,n

WRITE UNALIGNED INDEXED DOUBLE

| § U ] 1 ki L i ) 1 ] 1 ¥ | | | ] 1 i
g o ¢ 9 0 ¢ @ @ 1 1 1 1 1 ¢ ¢ @glFIELD ¢
—— et e S R e $ '
1] INDEX n g @ 0 ¢ 9 @] HL a |FIELD 1
——t+—t—t—t NSESRE B mew pamns t
LO ADDRESS a ‘ ~[FIELD 2
2 4 1 1 i 1 t 1 | ] 1 1 1 1 } 1
16 14 13 1.2 11 10 9 8 7 8 5 4 3 2 1 0
OPERATION:

AM; <« UNALIGNED(ADDRESS*I,(INDEX))
M, - UNAL LGNED( ADDRESS+1,,(INDEX)+1)

' MEM (ADDRESS+I (INDEX)) <. DM]

5 5(ADDRESS+I¢(INDEX)+'[) + DM] 5

ERROR CONDITION(S):"
1. Memory page accessed too soon after prev1ous access.
2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER line.

i DESCRIPTION

The address sent out on the ADDRESS MULTIBUS to DATA MEMORY is
obtained by adding the given addréss to the contents of the
specified INDEX register. DATA 'MEMORY takes the data pair on
the DATA MULTIBUS, and, after a de]ay, stores the data at the
spec1f1ed addresses *

*This instruction is included primarily for maintenance purposes;

a memory page access error will occur if the indexed address is not
the last address of a memory page.

EXAMPLE:

/" WUID FUNT,I7
. .._-Ek,:x - f
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¥
o

WUIF a,n T

WRITE UNALIGNED INgngD FIRST

Y 5 T |W”f " T 1 | SN | T T T 1 T :
p wn ﬂ. gl k: ﬁl gI g ]'1 ]l]l gl,]' 2 wn wFIELDQ
T 1 T e | | T A ¥ ¥ 13 T :
p| . INDEXn p 9 9, P, 9, p| HL a [FIELD 1
1 ’l Y | on AD]jRES'Sa‘ 1 L 1 ‘ ¥ FIELD 2
L [ L 1 1 [ 1 1 1 1 L 1 1 1
16 14 13 +2 11 10 9 8 7 .8 6 4 3 2 1 o

 OPERATION: .
o AM, < UNALIGNED(ADDRESS+Iﬂ(INDEX))'

MEMg (ADDRESS + I, (INDEX)) < DM,
ERROR CONDITION(S): |
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) , if there is other data on the AM or the
: DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER Tine.

" DESCRIPTION: g

The address sent out on the ADDRESS MULTIBUS to Data Memory is

obtained by adding the given address to the contents of the specified.
- INDEX register. Data Memory takes the data on the DATA MULTIBUS, ‘
~and,-after a delay, stores the data at the specified address.

oy E
T

EXAMPLE:

WUIF FUNT,IS

o S L & .
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WUIS a,n

WRITE UNALIGNED INDEXED SECOND

|}
9 1.1, 1.9, 9 9§ pIFIELD P

et etk }
) INDEX n @9 9. 9 9, p,p|H 2 [FIELD 1
~—+ } } } } t t i ¥ T Y
LO ADDRESS a FIELD 2
1 Il ] 1 1 1 1 ] 1 1 1 | 1
16 14 13 12 11 10 9 8 7 6 5 4 32 1 0
OPERATION:

AMy < UNALIGNED(ADDRESS+I¢(INDEX))

EM5‘5(ADDRESS-+ I, (INDEX)) <« DMI.S

)

ERROR CONDITION(S):
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) | if there is other data on the AM or the
- DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER Tine.

/DESCRIPTION:

The address sent out on the ADDRESS MULTIBUS to Data Memory is
obtained by adding the given address to the contents of the
specified INDEX pegister. Data Memory takes the data on the
DATA MULTIBUSM%fnd after a de]ay, stores the data at the
spec1f1ed address,” R ,

EXAMPLE :

WUIS FUNT,I5

e R 4
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7.2.3.3

Aligned Read/Write Instructions

In general, an address alignment nétwork is a hardware device which
maps the program address space into the physical address space of the

memory. The purpose of an address alignment network in the AD 10 is to
allow data transfers to or from Data Memory to be performed for a specific

type of application in such a way as to take maximum advantage (from

the standpoint of data transfer rate) of the overlapped page architecture

of the Data Memory.

The address alignment network in MAP is designed to map a linear
array in program address space into Data Memory such that any pair of
words with consecutive addresses (i.e., addresses ADDR and ADDR+1) in

program address space will be located in adjacent pages in Data Memory.

If a MAP read or write instruction specifies an aligned address, the
address alignment network takes the program address, ADDR, (see Figure
7.2) and converts it to a Data Memory address which it outputs to the

/ ADDRESS/CONTROL MULTIBUS. The conversion performed by the address

alignment network on ADDR is:
" AM,(14:19) <« ADDRy(P, 13:17) (PAGE ADDRESS)
AN, (9:11) < ADDRy (1572). .(WORD ADDRESS)

The operation of the address alignment network for an aligned read or
write instruction is illustrated in the diagram below.

L V8 17 ve VB 14 13 12 11 o 9 8 LA S S S 2 !
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L LB v ¥ J L} i L 1 4 L | |} 4 ’ J
vy , ADDRESS FROM ADDER (FIGURE 7.2) , , , ,
7/ 17 16 16 14 }‘3’L\12 11 10 9 8 7 8 6 4 3 2 1 Yoo/
7 ' Y -\ \
P astncs
v L L L | L v J ¥ v L v v v LS L)
|_pAGE, ADDRESS S WORD ADDRESS =~ =,
e e B L N A N N T MO
r - ! |
I 1 |
v L— r } Y } L L AL L T ' L a— T
Ly . ADDRESS/CONTROL MULTIBUS o s
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A

‘The aligned addre‘;g fggad/write instructions are:

RAD a  READ ;' GNED DOUBLE
L

RAF a READ LIGYED FIRST

RAS a READ N, INGED SECOND

RAID a,n  READ ALIGNED INDEXED DOUBLE
RAIF a,n  READ ALIGNED INDEXED FIRST
RAIS a,n  READ ALIGNED INDEXED SECOND

WAD a WRITE ALIGNED DOUBLE
WAF a "WRITE ALIGNED FIRST
WAS a WRITE ALIGNED SECOND '

WAID a,n WRITE ALIGNED INDEXED DOUBLE
WAIF a,n WRITE ALIGNED INDEXED FIRST
WAIS a,n WRITE ALIGNED INDEXED. SECOND

T T o
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‘RAD a

READ ALIGNED DOUBLE

9 9. P, P, 1, 1,0, p, p|FIELD 0

p o P 9 0 0 0 9 0 9 ¢ 9 9, pj H a|FIELD 1

ettt
HP AQDRE%S a FIELD 2

OPERATION:
AM, <+ ALIGNED(ADDRESS)

AM] 5 ¢ ALIGNED(ADDRESS+1)
DMS’ <« MEM](ADDRESS)

ERROR 'CONDITION(S):
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS,DATA), if there is other data on the AM or the

DM in the-above specified BUS cycles. .
3. Page address overrange if enabled to AER line.

DESCRIPTION: "

A pair of add?é§5é$35§ sent On;;he_ADDRESS MULTIBUS to Data Memory.
After a delay, th@~data<willfappaqg_gh the DATA MULTIBUS.

EXAMPLE:

RAD FUNT IGET THO FUNCTION VALUES

e =
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RAF a

READ ALIGNED FIRST

T T 1 T | | T T T T 1 T 7 R |

FIELD 9

HI a | FIELD T

FIELD 2

15 14 ‘13 12 11 10’ 9 8 7 ] 5 4 ‘ 3 2} .1‘ ) 0
- OPERATION:
- M« ALIGNED(ADDRESS)

DM5 <« MEM](ADDRESS)

ERROR CONDITION(S): |
1. Memory page accessed too soon after previous access.
2. BUS conflict (ADDRESS,DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3. Page address overrange if enabled to AER line.
DESCRIPTION:

The address is sent on the ADDRESS MULTIBUS to Data Memory. After
a delay, the data will appear on the DATA MULTIBUS.

EXAMPLE:

 RAFFUNI  1GET DATA'POINT -

- 4
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RAS @ S

Ly

READ ALIGNED SECOND

T 7 T ' M T T T T T T T T T
p. .0 A %, P,0 0 . ) .'ﬂ 1, 0,0, 9.9 |FIELDD
v L} l l \ f""' 1 ¥ T T ¥ L 1
g [} m,t w w |_§ [ w ﬂ Q ' g [ w [ ¢.g HIla FIELD ]
4 v l | A\ | l 1 1 ] | | )
o, R . . R L0 ADDRﬁSS @ . R . ' FIELD 2
16 14 13 12 11 10 9 8 7 6 3 4 3 2 1 0
OPERATION:
AM] 5+ ALIGNED(ADDRESS)
DM5.5 + MEM];s(ADDRESS),

ERROR CONDITION(S):
1. vMemohy,page accessed too soon after previous access.

2. BUS conflict (ADDRESS,DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3. Page address overrange if enabled to AER line.

DESCRIPTION:

The address is sent out on the ADDRESS MULTIBUS to Data Memory
After a delay, data will appear on the DATA MULTIBUS.

- EXAMPLE:

RAS FUNT  1GET DATA VALUE  “*u .

i S Ix «'
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READ ALIGNED INDEXED DOUBLE

) | ] 1 \ 1) V ] ] T i | ¥ i [} FIELD
P, 20 0,0 0, 0, 1,1, 0,00, .
ol INDEX n T _HR a [FIELD 1

U 0 ADDRESS & . " |FIELD 2

' 1 [] Fi 1 L 1 1 i ] 1 1 3 | 1 :

16 14 13 1{ 11 10 9 8 7 [} 6 4 3 2 1 0
‘OPERATION:

AM, . < 'ALIGNED(ADDRESS+I¢(INDEX))
M g« ALIGNED(ADDRESS+I¢(INDEX)*ﬂ)

| DMy < MEM; (ADDRESS+I,( INDEX))
DMz o < MEM].S(ADDRESS+I¢(INDEX)+1)

ERROR. CONDITION(S): o
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) | if there is other data on the AM or the
-~ DM in the above specified BUS cycles. '
3. Page address overr@nge/under(ange if enabled to AER Tine.

DESCRIPTION: .. o S
- The address sefit aut on the ADDRESS MULTIBUS to Data Memory is

obtained by adding the ‘given address.to the contents of the
specified INDEX register. After a delay, data will appear on
the DATA MULTI%%@,

EXAMPLE :

RAID FUNT,IP IGET FUNCTION PAIR

e R
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v“%’l‘m. ?

RAIF a,n

READ ALIGNED INDEXED FIRST

'1 T T ¥ 1 ) U 1 T 'u T } | ]
p ¢ 90 @0 9 0 0 ¢ ¢ ¢ 1 0 1 9 0 @G(FIELD P
) L L ] 1 ] L | § L |} 1§ L
9 ‘ INDEX n . p. 9.0 0, 0, 0 HI a[FIELD 1
-ttt 1 e o
'} 1 [l 1 i L(l) ADPRES§3| i L L1 1
16 14 13 12 11 10 9 8 1 8 3 4 3 2 1 °
OPERATION:
AM, < ALIGNED(ADDRESS+IQ(INDEX))

"™
DMg < MEM; (ADDRESS+14(INDEX))

ERROR CONDITION(S)
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) | if there is other data on the AM or  the

DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER 11ne

JDESCRIPTION

The address sent out on the ADDRESS MULTIBUS to Data Memory is

obtained by adding the given address to the contents of the v

specified INDEX register. The address is sent out on the ADDRESS

MULTIBUS to Data Memory After a de]ay, -data will appear on. the
- ..DATA MULTIBUS.

Tate,

EXAMPLE :

RAIF FUNI,I2 IGET DATA VALUE

P T
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~RAIS a,n

A

READ ALIGNED INDEXEP SECOND

LI e R M#lr T T T T T
) ﬂ.wlgl-,}_ﬂlg‘_g; ¢ P 1,1,0,9,¢, g|FIELD P
' ¥ LIRSl DT | 1 T T Y T T
p| ., INDEAm o 9. p. 9.9, 9| Hl a|FIELD 1
R LO ADDRESE'a o " lF1ELD 2
' 1 [} 1 1 1 1 1 1 1 1 1 . _
15 14 ‘13 12 11 10 9 B 7‘ 8 5 4 3 2 1 (4]
OPERATION

AM1 5 * ALIGNED(ADDRESS+Im(INDEX))
DM5 5 * MEM] 5(ADDRESS+Iw(INDEX))

ERROR CONDITION(S): |
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA) , if there is other data on the AM or the

M he above specified BUS cycles.
3. aggna dsess over?ange/underrangé if enabled to AER line.

;DESCRIPTION

The address sent out on. ‘the ADDRESS MULTIBUS to Data Memory is

obtained by adding the given address to the contents of the
©  specified INDEX r9g1ster After a delay, data will appear on the
‘ DATA MULTIBUS o= Do NS . ‘

EXAMPLE:

RAIS FUN1,I3  IGET DATA VALUE

e T g
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WAD a .
WRITE ALIGNED DOUBLE

B » i T ! ¥ T Y T  E— T ¥ T T
p .8 .0 0 0 .0,0,0 ; p 1 .0 1,1 .0 .0 0 FIELD P
¥ ¥ Y L ¥ ! Y ¥ i) 4
p .9 0.0 0 0 0 Ly 8.0 P ; p | HI @ | FIELD 1
 § ] ¥ | | ] | § L ¥
'y 1 | SRS W | . | LlO AQDRE§S a ) [ 1 . 1 1 FIELD 2
185 14 13 12 11 10 9 8 8 5 4 3 2 ) ‘; , ] )
OPERATION:
AM,; <« ALIGNED(ADDRESS)

AM] 5« ALIGNED(ADDRESS+1)

MEMS(ADDRESS) « DM]

EM5'5(ADDRESS+1)V « DM1.5

ERROR CONDITION(S):
‘1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3. Page address overrange if enabled to AER line.

'DESCRIPTION

- A address pair is, sent.out on the ADDRESS MULTIBUS to Data Memory.
‘Data Memory takesfthe data pair on the DATA MULTIBUS, and after a
de]ay, stores the data-at the speeafled addresses B

EXAMPLE:

WAD FUNOUTT
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WAF a

- WRITE ALIGNED FIRST

rr 1ttt I S | T 1 T 1

|FIE
.0 0 0.0, 0,0,0,0.1.0,0,1,0,0,g|FEDS

-hn -~ o
wlle
L
-l
-
-
-

~ . |FIELD 1
p o, 0. 0 0 0 0 0.0 0 0 0.9 p|Ha
¥ T ' T 1 L ¥ ' i ¥ 1 FIELD 2
L1 L1 a1 LO ADDRE3Sa , | | L 11
18 14 13 12 1 10 9 T8 7 6 5 4 3 2 1 0
OPERATION:

AMT < ALIGNED(ADDRESS)
’MEM5(ADDRESS) < MW]

ERROR CONDITION(S):
1. Memory page accessed too soon after previous address.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the
DM in the above specified BUS cycles.
3." Page address overrange if enabled to AER line.

DESCRIPTION:

The address is sent out to DATA MEMORY on the ADDRESS MULTIBUS.
Data Memory takes the data on the DATA MULTIBUS, and, after a delay,
~ stores the data at the specified address. -

EXAMPLE: - .

WAF FUN2

S R
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WAS a

WRITE ALIGNED SECOND .-

L od
L o
L od

g o .0 0 0 [, 0, 0 0 1 p 1. 9, 0 g, gFEDS
% 0 0.8 0 o 5.8 .9 HI a | FIELD 1

g0 0 0 qi .0 2
T 1 1 | el o aamnl ¢ 13 1 ¥ 1 L 1
' ' FIELD 2
L 1 1 P R | }0 APDRE§Sa LI L 1 L 1
t6 14 13 12 11 19 9 8 7 8 5 4 3 2 v o0
OPERATION: - .
AM]~5 - ALIGNED(ADDRESS)

EM5.5(ADDRESS) « DM]‘5

ERROR CONDITION(S):
1. Memory page aCCessed too soon after previous access. ;
2. 'BUS conflict (ADDRESS DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.
3. Page address overrange. if enabled to AER Tine.

DESCRIPTION:

The address is sent out on the ADDRESS MULTIBUS to pata. Memory.
Data Memory takes the data on the DATA MULTIBUS, and, after a delay,
. stores the data at the spec1f1ed address

”'EXAMRL?;M'

WAS FUNT
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WAID a,n

WRITE ALIGNED‘INDEXED DOUBLE -

P p. P 9 9, P B, 0 9. 1, 1, 1. 1, 9, 9, g|FIELD P

1
T
0 ., INEXn )9 @9 9 90 0,90 H1 a |FIELD 1
7 7 |0 ADDRESS a . " |FIELD 2
t 1 L i 1 1 1 1 )] 1 1 ] 1 1
t6 14 13 12 11-.10 9 8 7 6 5 4 3 2 1 0
'OPERATION:

AM, < ALIGNED(ADDRESS+I,(INDEX))

M o« ALIGNED(ADDRESS+I , (INDEX)+1)

()
' MEMS(ADDRESS+IQ(INDEX)) <+ DM-|

MEM5.5(ADDRESS+I¢(INDEX)+1) < DM]'5

ERROR CONDITION(S):
- 1. Memory page accessed too soon after previous*access}
2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the

- DM in the above specified BUS cycles.
~ 3. Page address overrange/underrange if enabled to AER Tine.

 DESCRIPTION:

The address pair.sent out on the ADDRESS MULTIBUS to Data Memory
~is obtained by-adding the given “dddress to the contents of the
specified INDEX register. Data Memory takes the -data pair on the
DATA MULTIBUS, ang, after a delay, stores the data at the specified
addresses. ‘ : : :

EXAMPLE :
WAID FUNT,I6

e T
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WAIF a,n

WRITE ALIGNED INDEXED FIRST

T 1 L) L 4 1 | ! ¥ v I 1

p @ n.w p P 9 P BT T B T 0 g, PIFIELD 9

1 1 [ [ [
1 i v J ) ¥ ¥ ¥
) - INDEX n . g, 9,9, 0,9, p| Hla |FIELD 1
—t —t— —t—t—t— = clo
i 1 1 1 I on ADPRESIS a'l lk 1 1 1 1
15 t4 .13 12 1.1 10 9 8 7 8 .6 4 3 2, 1 1] ’
OPERATION:

AM, ‘ALIGNED(ADDRESS+I¢(INDEX)) 3
MEMg (ADDRESS+I,(INDEX)) <« DM,

ERROR CONDITION(S):
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the

DM in the above specified BUS cycles.
3. Page address overrange/underrange if enabled to AER line.

* DESCRIPTION:

The address sent out on-the ADDRESS MULTIBUS to Data Memory
~ -is obtained by adding the given address to the contents of
the specified INDIX reg1ster Data Memory takes the data on the
DATA MULTIBUS, and, after a de1ay, sfores the data at the specified
“~address. N A .

'."“i :
T e

EXAMPLE:

 WAIF FUNT,I2

wiin TE g
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WAIS a,n

WRITE ALIGNED INDEXED SECOND

T T S S R | T T | B L m— ' I 1

: a - : FIELD @
g ¢=¢=¢=¢,~ﬁ”r'¢§g p 1,11 8.0 .0 0
1} L IND5 ?l;,. . g 8. .9.0 .9 .0 H{ a |FIELD 1
' ' LR I/ T ¥ T ¥ 1 Y
% 1 1 1 1 1 LIO AD.DRE%S al 1 1 1 1 1 FIELD 2
160 14 13 12 11 jo 9 8 7 8 5 4 3 2 1 0
OPERATION:

MM, 5+ ALIGNED(ADDRESS+I,(INDEX))

1 MEMS.S(ADDRESS+I¢(INDEX)) <« DM].5 :
ERROR CONDITION(S): ‘
1. Memory page accessed too soon after previous access.

2. BUS conflict (ADDRESS, DATA), if there is other data on the AM or the
- DM in the above specified BUS cycles. :
3. Page address overrange/underrange if enabled to AER line.

" DESCRIPTION:

The address sent out on the ADDRESS MULTIBUS to Data Memory is
obtained by adding the given address to the contents of the
specified INDEX register. Data Memory takes the data on the
DATA MULTIBUS, and, after a delay, stores the data at the
“specified address. T S e

wA,
.

EXAMPLE:

WAIS FUN3,I1p

.

i T ,‘
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7.2.4

- PAUSE/NOP INSTRUCTIONS

The PAUSE instruction may be microprogrammed with any other MAP
instruction or it may be issued as a stand-alone instruction. The
NOP instruction is only used as a stand-alone instruction. The
NOP and PAUSE instructions are defined below.

Tath
e
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- PAUSE d _
PAUSE FOR d INSTRUCTION CYCLES

T T @ - | — T T T Y ‘d' FIELD
LN aﬁ p, 0. 0. 0. 0.0 0} .9, o
¥ 4 1 T 1 ¥ ¥ v
w,m w,ﬁ.wJhw,w,w,@'@,glg,g,g,gFIE“"
' LA A - FIELD 2
2, Q,Q.Q,Q\,,Q/,Q,Q, Py D1 2, 0,0, Py 04 .0
15 |4 \3 12’111\11} 9A‘ 8 7 6 [ 4 32 1 .Ovv
OPERATION:
None

ERROR CONDITION(S):
None

DESCRIPTION:

Suspend execution for d instruction cycles fo]10w1ng the PAUSE
- instruction. This has the same effect as (d+1) NOP's.

EXAMPLE :

RAD FUNT; PAUSE 4  !READ VALUES & WAIT FOR MEMORY

e I f
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NOP
" NO OPERATION | | | SN

1§  § ] 1 ] ] 1} | | 1 | ¥ I ] }
p, 0.0 0 0 0. 0.8 0 0.0 0.0 9. 9 pf "
s 1 1 ¥ 1 1 1 1 1 T ' T v 4 'FIELD]
. D,ﬂ,fﬂ_‘ﬁ_-ﬂ,ﬂ,»ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.@.(D'ﬂlﬂlQ
i | S| T T i 1 4 1 1 ¥ 1 T
p,0,9,0,0,0,0,0,0,0,0,0,0,0,9,9]""7
'OPERATION: - *' R
None
ERROR CONDITION(S):
~ None
DESCRIPTION:
' Suspends execution for one instruction cycle.
EXAMPLE : |
~ NOP
S
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