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2.0 Address Calculation

A direct or unmodifiled data address 1is calculated by
ccncatenating the Extended Program Counter {the EPC 48 bits 3-5
of the & register) and the address part of the instruction.
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cata address

1-4234 | aata

Addresses may also be deferred {indirected), indexed, or
‘both {in either order). Theae operations are said %o "modify® the
addreas specified by the address part of the instruction,

2.4 Indirect Addreases

Under certalin conditlions an instructlon may speclfy that its
address 1z indirect or deferred, This means that; instead of
addreazing the dabta directly, its address part givea the address
of a location which contains & Ypointer® to (address of) the data
locatlon, Each defer cycle takes one extra memory cycle,



'Exception alterratey

l.”dex wad,
- ;1-0 4
“

If the cdomputer is not in exbead msde (EXD is off), multiple
level indirect addressinz Tay bte usad, bub the instrucilon, all
dafer cycles, and the final exeaube cycle will be in the same
core memory module. After each defer cyele, the i-bit (bit 5) of
the word read from memory is examined, If it 4s aon, another defer
¢ycle occurs at the address given by the address part of the
word, If the 1-bit 1s off, the indirect chain terminates and the
address part is used as the actual data address, '

2.,1.1 Indirect ACdrzsass Ol o Dubsni liode

core 2
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extend off
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2.1.2 Indirect Addreszses In Extend Mede

With EXD on indirect addresses are single-level only. This
deferred address is taken as &a 15-bit quantity which my
reference another core.

core 1
1-0405 241234 lac 1 4238
[ % ] oiga I 1-0106 = normal mode
extend on
. ¢
La] 1234 |
indlirect addr.
» 4-123%4 052405 core 5 reference
e
¥
51 2105
data addr, core 5

» 5-2405 |data




2.2 indexed Addressges

In varlous cases addr=sses will be modified by addition of
the conternts of the index register (X). Depending cn the address
mede, indexing can apply to either the address part of an
inatruction or the last indirect address in a defer chailn, The
index adder is 18 bits long, having the 18-bit index register as
one input and a 15-bit address as the other, The sum is computed
in the current arithmetic mode {one's or twotsa complement). In
one’s complement mode, minus zero 1s changed to plus zero, The
sum is then trunceted to 15-bits for use ag the data address,

Indexing alone doces not lengthen the execution time of an
Instruction,

2.2,1 Indexing an Instructien

If the machine 1is not in extend mode, Iindex sums are
relative to the current core, That is, the EPC is added in to bilt
positions 3 to 5, If EXD is on, zero As added into these
p§sitiﬁns so that the index sums are absoclute (relative to core
0l.

instruction index register (X)
24AALA p9.6.0.0.0 4
T

EXD=0
EXD=1 '/
G
¥
INDEX ADDER
[0-2] [3-5) [6-1.7]

'

disecard core address



e.2.2 Indezing a Deferred Address

A deferrved address may also be indexned, If the compubter is
not Iin extend mode, the address part of the deferred address and
the EPC are used, If EXD is on, the low 15 bits of the deferred
address are used, .

Indexing of indirect addresses 2applies only on the last
defer cycle,

deferred addr. index register

| .
- 3
EXp-d
EXD=0

EP‘J'3

y y
INDEX ADDER

{o-2) [3-5] (6-17]

d;scard core address



.3 Lddrgss Medes

The ?DP-1 has four address redes -- nomeal, bdase, index
(rirst), and defer {first). The AMD and AERF flip-flops determine
which mode the machine is in,

Regardless of the address mode, jump-type instructions (jmo,
%ﬁg, jda, jdp) behave as if they are in normal mode {ef.).
Op, Code A7) always behaves as if 1ts i-bdit were .

The address mode may be temporarily chenged by the aam
instruction, 770056, which turns on the address alternation flip-
flop AAL, AAL 1is automatically cleared at the end of the
following Iinstruction, The effect of an aam depends on the
ﬁddress mode and will be discussed serexately for each of the

our, . .

Note a i’%ﬁ Jmp, or Jsp dimmediately following an aam
will be erecu se mode, since the nominal mode for thése
instructions is normal mode,

The cal instruction always behaves the same {goes to core 0,
location 100) regardless of the address mode.

Xet instructions behave 1like any ofther addressable
inatruction with respect to address modes and being preceded by
aam instructions, The instruction xet'd is alwayse in the nominal
mode, as determined by AMD and AER, *If tnere were an aam over the
Xet, it would affect only the xel, and not the instruction xct'd,

T\vo aag's‘ ' a ow ,eavg AAL ,h\

2,3.4 Normzal lode

This i1s the only meode a normal PDP-1 operates in., The
machine will be in this rcde if any of the console bubttons except
STOP? or CONTINUE is pressed. The timesharing system initlalizes
orocesses to be in necrr2l mode,

Normal mode is entered by executlng 2 nam instruction, which
clears both AMD and AEFP, In normal mode adarsesses are divect if
the 1£b¢t is off and indirect if i% is on, See section 2.4.1 for
examples,

An aam in normal mede causes indexing to be applied
regardless of whether the i-Dit is on or not, Indexing happens
before indirecting if both are specified, See secticon 2.%4,.2 for
examples of altermated normal mode,



2.3.2 Base Mode

In base mode the index weglster usually points to the hase
of a *private bloek! associated with the specific process that is
executing reentrant cede, All addressable instructions (except
Jump-type instructions) are indexed into the private block.

Base mode is identical to albternated normal mede. In base
mode AMD 1s off and AEPF is cn, Base mode 1s entersd by executing
a bam instruction, See secticn 2.4.2 for examples.

Alternated base mode 18 ldentical to normal mode. That is,
neverl index and 1ndlrcct cnly 1f the i-bit is on. See 2.4.1 for
examples,



2,3.3 Ingex and Defer lModes

An ism instruction puts the PDP~1 in index mode [AMD,
AEF=0}, and & dam instructiocn puts it in  defer mede
(AMD=L,AEF=4). The only difference in +these two mocdes 48 the
crder in which indexing and indirecting are done if hoth are
spec%fied. Index mode indexes first, while defer mode defers
first, '

in unalternated index or defer mcde addresses are direct if
the i=bit s off and indexed if it is on, See section 2,4.,3 for
examples,

When 3in alternated index or defer mnde, Instructions always
defer and if the i-blt 1is on, they also index, The order is
degermined by the mode, Sectlion 2.%4.4 contains the examples of
alternated index mode, and section 2.4.5 has the alternated defer
mode examples,

2,3.4 Summary of Address Modes

ede AMD AEF AAL Indirect Index
normal o 0 0 if i-bit on no
# 0 ¢ 1 if i1-bit en yee (index first if both)
hasge 0 i ¢ if i-bit on y=s8 (inﬁex first if bath§
* Q 4 4 if i-bit on no
index i 0 0 no if i-bit on
" i ¢ i yes 1f 1-bit en {index first)
defer i i 0 Fele] if 1-bit on
% 3 i i yes if i-bit on (defer first)



2.4 Examples

2.4, Normal Mode or Alternated Base Mode
bam
nam sam
lac 30 OR lac 30
30/ 105 30/ 105

The accumalator is leoaded from location 30 of the currentd
No 1lndex or defer happens.

core,
bam
nam aam
dac 1 30 OR lag 1 30

30/ 40405 30/ 10405

105/ iéais 102/ 1234

i234/ 3 ie34/ 3

40105/ 6 10405/ 6

if the compuber 1s not in extend mgde, A is lco2ded with 3
after two Gefers., If EXD is on, & single extended defer happens,

picking up the 6 from cove 4,



2.b.2 E2se Mcde ov Alverreted Nowmal lode

Bssume X hes +%0 in 1%,

nan
ham aam
lac 30 OR lac 30
Q/ 105 3Q/ 105
lafo/ 2l o/ 21

The effective address 1s 30+{contents of X) = L0, Thus, 2i
is put inte A,

Assume X contains TT7770.

pam
bam aam
lac 70 OR lac 70
60/ 405 60/ 40
64/ ik 61/ 14
70/ =10 70/ ~-10

The effective address 1s 70+{ceontents of X}, This sum
differs in one's and twols mode, In cnets mode, the effective
address 1s 64 and therefore 444 is put into A, In two's mode, the
effective address is 60 and accerdingly 105 is placed into A,

Assuwre X has 40400 in it and the same program is in core 2,
If the machine is not in extend mode; the index address 1s
relative to the current core (2}, Thus, the effective address is
20000+404.00+30=30130 ar location 30 of core 3, If EXD is on, the
effective address is 410430 or locaticn 430 of core 4,



Consider Bhe following program in core 2 with Wolld i X,

10230/ 34234 70430/ 3123k
20007/ nam
20010/ bam 20010/ aanm
lac 1 30 lac 1 30
30430/ 44234 30430/ 14234
31238/ 62345 34234/ 62345
32325/ 6 32335/ 6

Cut of extend mode, & defer chain is started at {(addreas
part) + (index register) + {current core} = 230 of core 3, Twe
defers happen and 6 4s {inally loaded into the accumulateor,

In extend mode 2 single extended defer is done through core
4 location 430, Thiz location points to cere 3 location 1234, so
thet 62345 is put into A,



2.4.3 Onalternated Index or NDefer HMcde

iam Jor dam
lac 30
o

(<]
(-]

30/ 105

No index or indirect modifica3icns happen, The accumulator
is lcaded with 405,

Assume the following program is in core 2 and X has 10100 in
it,

10130/ 6

20040/ iam /or dam
20014/ lac 1 30

30430/ 44

Only indexing can happen, Out of extend mode the effective
address 1s (contents of X) + (address part) + {current core) =
30430 or location 430 of core 3. [Eleven is put inteo A,

In extend mode the reference will be to 40430 or location
430 of core 4, 8Six will be put into A,



2.4.4 Alternated Index lods

lam
aam
lac 30
30/ 1040
105/ 0423
iz3d/ 3 .
1223~ 6 [eore L &—

elos

Fo indexing occuwrs, but the instruction defers ¢through
locatien 30 of the same core, If EXD is on, this 15 an extended
defer and the accumulator gebs loaded with 6, If EXD is off, two
defers happen and A picks up the 3 from lccation 1234,

Assume X has 310400 in it and the following program is in
core ga 2

)

%234/ 3456
23456/ &

~>ﬁ.30/ é
4234/

“Sa3lsk

In index mode indexing haprens before defering. Thus, out of
extend mode 2 tuo-level derer chaln is started 2t location 130 of
eoye 3. This ends by loading the accumulator with 6. In exztend
mede a single EAWVQdeQ defer is done through 430 of core 4, and A
is leoaded with 62345,



2.4.5 Alternated Defer Mode

dam
aam ,
Jac 30
3Q/ 1010
305 0423
234/ 3
10105/ 6 Jeove &

No indexing occwrs. Oub of extend mode, the Iinstructicn
defers through lccation 30 and zgain through 105, resulting in 3
heing pub into the accumalator. In extend mede, 2 single defer
causes the 6 in location 105 of core 41 to be lcaded.

In the nezt prozram assume that core 2 is cwrent and the
index fes¢ster contains 40300,

13234/ 17730

20010/ dam
- eocid/ azm
20042/ lag i 30

.

20030/ 44234
23234/  23ip

21334/ 3
32445/ 6
in alternated defer mode defers happen before indexing.

Thus, oub of extend mede, the lac 1 30 willi defer twice,
resuliting in 2345 vhich will be added %o the index regisber and
current coy 9125, resulbing in 2 final effective address of core 3
location 2445, Siz would be leaded intc A,

With EXD on, a single defer happens through 30 of core &,
qun 314234 is added to tqe index regisbter, giving 2 final address
of ZA33%, Tharelfore, %the sccunulator 1s loaded with 3..



2.5 Insbtructicne that Affech Effective Address Caleuiation

Mriemenlc Op. Code FPunction

nam T70052 enter normal address mode

bam TTO053 enter base address mede

jam 770054 enter index (first) address mode
dam 770055 enter defer (first) address mode
aam TT0056 cause i-instruction mode change

eem 770046 enter extend mode

lem TTO0UT leave extend mode

ipf 770054 lcads AMD, AEF, AAL from I[0-2],

See section 1,3.4
However- AAL will be turned off at
the end of this instruction,



2.6 Sample Programs

Tne follewing are examples of uses of the various address
modes and the index register,

2,64 Exchange Array Contents

The following program segment exchan%es the contents of two
arrays, named arrayi and srray2. Both are 400 words long, In this
example the index regisfer Is used both as a counter and an
increment into the arrays, .

/runs in either iam or dam
/the 500 below shonld be considered in the same arithmetic
mode as that in which the program runs

exchng, 1xr (%00 /minus the length toc X
next, lac i arrayi-+800 /pick up the words

110 1 array2+400
dio i arrayi+4o00 /put back exchanged
dac i array2+400

SXXZ /2dd 4 to X,skip if up to O
Jmp next /not done

done, ©

arrayisof 'I array2+0/

arvayi+i/ X array2+i/

arvayd+2/ array2+2/

4 9
o L

9

arxayd+377/ array2+377/




2.6,2 Unchain a Data Rlock

in 2 certain application data blocks are chained as shown
below., Word zero is a forward polnbter, Werd one is a back
pointer, The subroutine given below will delete the block pointed
to by the index register., In this situation the index register
always contains the address of the base (werd O) of a block,

l

Py O

';-* \\~—~———1_ \\‘*——:~—~1L

[ )
\j

block to he deleted

/3idp rmb in iam
/X points to block to be deleted

rmb, 0
lio 1 0 /I points to block on right
aam .
dio i % /index then indirect to fix left block
lag 1 4 /A points to left block
TIX /move to right block
dac 1 4 /Tix back pointer
Jmp i rmb /return
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