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1.0 Introduction

This paper preéisely describes the format of binary programs which can be
loaded by DDT. The immediaste motivation for this description is the current
programming of a new assembler, NARP, which will differ only slightly from ARPAS
as far as source language and object language are concerned. However, looking
further into the future, this description will enable any user to gencrate DDT-

loadable output from any assembler, compiler, etc., that he may care to construct.
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2.0 General Loading Scheme

The binary program loaded by DDT consists of binary program words (bpw) which
are placed at the address indicated by the location counter (lc) and control words
which indicate a special action to be performed by DDT. A bpw is absolute, meaning
it is to be placed in core as it‘is, or relocatable, meaning some multiple of the
base address (ba) should be added to the bpw before placing it in core. Two types
of relocation are distinguished: normasl, meaning only the ba.is added, and special
(srel), meaning ba*rfactor is added, vhere rfactor (relocation factor) is a positive
or negative integer different from O or 1. 1In the case of ARPAS output, 2 bpw may
also be altered in other ways before‘being placed in core, namely if it is a literal
reference or external symbol reference.

References to undefined symbois ére handled somewhat differently, depending on
whether the undefined symbol tsble (also called the external symbol usage table)
ocdurs at the beginning of the'binary program (as in ARPAS output) or at the end
(as in NARP output). In the former case, DDT itself must build chaihs, linking
a1l references to a givén symbol together. When the symbol is defined this chain
is followed and all links are repiaced by the value of the symbol (a process
referred to as "fixfﬁg up" or "patching up"). In the latter case, NARP has already

constructed the chains, and DDT need only link up the chsins in the various packages.
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3.0 Format of Binary Programs

3.1 General

The basic unit of binary program is the binary program block (bp block),
+ sequence of nine words. The first word of each block contains eight 3-bit codes

(3be) indicating how the cight remaining words of the block should bhe trested. The

lost eight words are either bpw or single-word controls (sw controls), the latter of

which are not loaded into core like bpw but direct DDT to telkc some épecial action.

>

3 he word

vV

bow ond
sw controls

Ir certzin cases the normal sequence of output is interrupted so that & bp block of

lcss than nine Wordé is output, followed by a variable-length block (vl vlock) headed
by = multiple-word control (mw control). These cases sre discussed below.
3.2 3-Bit Codes
The achions Specified by the 3bc are discussed below:
0 nbsplute: Load bpw just as it is
*1 ext e Bits 10-23 of bpw indicate an external symbol. Replace
| hits 10-3 by the value of the external symbol, and if

the cxternal symbol is undefined, replace its value by lec.

¥ Appecrs only in ARPAS output..
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Add ba to bpw (mod elh)

Add be*rfactor to bpw (mod qu)

The word is not a bpw but a control word. It if is a sw
control then take the specified action (see below) and
continue. If it is a mw control then abandon the current bp

block, process the following vl block as specified by the

control word, and expect a new 3bc word following the Vl block.

3 srel:

It control:
* extol:

6 rel2k:

*7 1it ref:

3.3 Control Words

3.3.1 Single-

Same as extl4 above, but replace all 24 bits of bpw instead
of just bits 10-23.

[s]
Same as relld but addition in mod ?“h.

Add ba to bpw (mod th). Used in place of code 2 for

instructions which refer to literals.

Word Controls

The following controls consist of one word only; they occur in bp

blocks mixed i

zeroes. )
O - alter lc
lcedeta;
1 - pop link
leele+ta;

200 - end prog | 200 Egé?ﬁzﬁaazzzgggzzéé

terminat

n with bpw. (The shaded areas are not used; they are all

0,
0 / A &a
0-2 3 9 10 23
) lh
comment: all changes of lc are mod 27
/
1 b // a
0-2 3 &9 10 23
b+6lie- BRU 1c;

0

e loading;

¥Appears only in ARPAS o

utpukb.



?01 - 1lit org

lit org ¢ a+tba;

202 - spec rfactor

extend bit 10 (i.e., leftmost bit of a) to bits 0-9

in rfactor.

*¥203 - fixup 1lc

replace every link of the chain starting at a+ba by
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201 %Z a

0 B9 10 23
202 g% a

0 B O 10 23

and place the result

203

V,
/

0]

8

9 10

chain ends when 2 link points to itself.

*204 - fix 1b

le « le-l; replace every link in the chain starting

*005 - fix 24

same as 204 but replacement is mod 2

23

lc; comment: a

2oL

%

9 10

1h

comment: replacement is done mod 27 ;

23
at a+ba by (1c);

205

),

Y

3.3.72 Multiple-Word Controls

8

9 10
ol

The following controls consist of a single word indicating the

type of vl block which follows the word.

of all ones.

areas are not used; they are all zeroes.)

Following the all-ones word is a new 3be word.

¥ Appears only in NARP output.

A1l vl blocks end with a word

(The shaded
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3'- §pc0de definition: 3 22%22;2%?%2222;%2222;%2§’

0 2 3 3

each 3-word entry of the following vl block is an opcode definition; there

are two formats, depending on whether the opcode is output by NARP or ARPAS:

NARP:

al a2 ak

a3
s | V)

[=3

al - ab: character of the opcode (left-justified with blank fill on
the right)

bsl :  indicates opcode def is in NARP format

c=0 : operand optional
=1 : opcode does not take an operand
d : opcode value
ARPAS:
al a? a3 alt
VS o
as ab /:;/<4?,/1)22225Q
A /’i/
c
al - ab: characters of the opcode
=0 : indicates ARPAS format
c : information for computing opcode; there are two formats:
=
1 f,//// ; *
- T e
01 ) 19 23

d=1l: ARPAS class 1

e : opcode value

f ¢ sign bit of opcode
g=0: operond 6ptional
a1 oper:and rbqnirod
h=0: 1h-bit operand

=1: 9-bit operand



30.40.30
3-5

d e

d=0: ARPAS class 2 (no operand)

e : opcode value

4 - external symbol definition

Qi)

O -~
)
&

each 3-word entry of the following vl vlock is =n external symbol definition;
there éfe two possible formats, the second of which only occurs in NARP out-

put:

normal a1 a2 a3l alt

P by///jcy,%

21 - ab: charzcters of the symbol
b=0 + valve of symbol is zbsolute
ol
=1 : value is to be relocated (mod ° )
c=0 : indicates normal relocation

d  : wvalue of the symbol

special relocation
al a? a3 ab




30.40.30
3-6

al - 26: ‘characters of the symbol

b=0,c=1: indicates special relocation

€ : Special relocation factor

d : value of the symbol; it should be relocated mod ?Qh using

the special relocation factor.

5 - ident

5 //// I ////

o 2

each 3~word entry is an identification symbol:

al a2

® ///// ////
777 //////

al - n6: characters of the symbol

0O 23
each entry is a 3-word undefined symbol or a variable length Polish string

representing an undefined expression:

symbol:

o= ////////

nl - ab: characters of the symbol
b # -1 : NARP: relative address of the start of @ chain
ARPAS: not relevant

= -1 : indicates that symbol only appeared in expressions



expression:
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2 L&

fn-1 or O} wh-1 or O 0

g + patchup chain

L - Tm: a Polish string composed of the following elements:

000xxxxx  Operator.

XXXXK:=0

N O\ Fwo D

5
2

Presently there are the following:

end of string

@ (wor)
unary -
+, keep bits 0-9 unchanged
+

*

/

& (AND)
' (OR)
% (EOR)
T

<

>

#

<=

S

Olxxaoxor Small constant. Velue is xxxxxx-UOb, e.g.

142=>2 and 134=>3.

OOlsrrnn; (Olxxxxxx) mn+l of these; (xxxxxxxx) see rr below.

Large constant s=1 means take negative of value. nn+l is the number

of following data bytes. rr designates relocation:



rr=00
01

/ylo
8-bit bytes \
11
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absolute

relocate+l

1 byte of special relocation, biased
by 200b

3 bytes of special location.

_llxxxxxx' Short symbol. See below.

lexxXxx; 11xooeexx Iong symbol.

KXXKXXX OF XXXXXXXXXXXX is an index

within the usage table, with the first entry

numbered O. An example follows.

Suppose at location o« there is the instruction LDA AB+3, where AB is not

defined or used anywhere else in the program. Suppose also at location

there is STA XY, which is the only use of the undefined symbol XY. Then the

us2ee table might appear as follows:

HO mmmmmmm e —————— 0
LA HRD: L I WO— 0
O ~emmcmmmcc e - - 0
-1
D¢ A'd o S, 0
O mmmmmmmm———————— 0
o
300 = symbol O (AB) 300 143 4
143 = constant 3
0 0 0
4 = + operator
-1

|
}
|

header

entry for AB

entry for XY

entry for AB+3

end
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A1l fixups of external symbols are done mod ??h.

7. local symbol definition

Y

0o 23

2 block of the same format as for external symbol definitions follows,

only each symbol is local instead of external.



d 3.4 Overall structure

The first input to DDT should be a 3bc word. After that the

depends on whether NARP or ARPAS output is being processed.

3.4.1 NARP

1.

Body of the program

a. ident
b. alter 1lc
c. bpw
d. pop link
in any order
e. speclal yfactor
f. fixup lc
g. fixup 14
h. fixup 24 %
Literals
a. literal table origin
b. special rfactor
in any order
c. fixup le
d. fixup 14

Undefined symbol table

Definitions
a. opcodes
b. external symbols

C.

local symbols

End of Program

30.40.30

input

3-10
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3.2 mRPAS
- ‘>l. ‘Ideﬁt
2. Undefined symboi table
3. Litersl table origin
‘u. Body of program
2. binary program words
b. POp links “. in any order
.c. external syﬁbol definitions {>
-
5. Iocal symbol definitiqns

€. End of program
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List of Abbreviations

b2 base address

‘bp‘biock binary program block

Te

bpw binary program word

fixup - process of following a chain and replacing each link hy
some value

le ~ location counter

mw v ,
control  multiple-word control

patchup  see fixup
rfactor relocation factor
srel special relocation

sw

control  single-word control
vl block vériable lensth block

3bc 3-bit code
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external (mod 27

APPENDIX IT

One-Page Summary:

Binary Program Input to DDT

3-bit codes

>abédlute

external (mod ?1h)

14

relocate (mod 27 )

special relocation

control word

2l
)

. o
rclocate (mod 20‘)

liternal reference

A

binéry‘program blocks: 3-bit eode

word followed by binary program

words and single-word controls

variable length blocks: multiple-

wofd controls followed by a table

L: occurs only in ARPAS output

N: onceurs only in NARP output

200

control words

alter location counter

pop link

end program

- literal table origin
> - special relocation factor

- fixup with location counter

l
- fixup (mod 914)

1)
- fixup (mod QU)

opcode definition

external symbol definition
‘ident
undefined éymbol table

local symbol definition

N

N

N
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