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Related Documents

For a description of the input to the NARP assembler (i.e.,
the source language) see¢ Project CENIE Document R-32,

Reference Munuel for NARP, An Assembler for the SDS 940,

issved
For a description of the output preduced by the NARP assembler
(i.e., the input to the loader, DDT) see Project GENIE

Document R-25, Wormat of Binary Program Input to DDT, issued

January 26, 1967.

¥Yor & description of the SDS 940 and its instructions set see

one of the following:

a. SDS publication: 3DS 9k0 Computer Refircice Manual,
No. 90.06.5%0A, August 1966.

b. Project GENIE Document R-27: SDS 930 Imnstructions,
issued October 11, 1966.

For a description of ARPAS, the predecessor of NARP, sece

Project GENIE Document R-26, ARPAS, Reference Manual for
Time-Sharing Assembler for the SDS 930, issued February 24, 1967.
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1.0 Tntroduction

This document is intended Tor usge as a companion to the
listing of the WARP program, and thus only contains inflormation
not given in the comments to the program. Therefore, precise
table formats will be found in this report, but no specificetion
of input or output for subroutines, and only sketches of most
algorithms.

This report will probably be of most use to those who wish
to correct bugs or to make chenges or additions to NARP. It
is not written as a primer os assembly writing, but some motivation
for the implementation is given, s£o0 that a relatively experienced
progravmer should be able to use it with little trouble.

Following is a short description of the over-all workings
of NARP: When NARP is called by a user, the entire program is
read off the drum and into core, where it stays until the assembly
is over. The assewmbly is done in one pass: NARP reads an input
file containing a source progrem and writes an output file
containing relocatable binary program ready to be loaded by DDT;
no other input/output operations are performed except for
messages on the teletype, and perhaps a listing. As the program
is translated, several tables are built up in core, the principal
ones being the main table (containing literalz and definitions of
symbols and opcodes ) and the string storage (containing macro
definitions).

The basic scheme for processing an instruction in the source
language is quite simple: The opcode is locked up in the main
table to get its value and this is merged with the value of the
operand which is obtained by evaluating the expression in the
operand field. The instruction so constructed is then output.
The evaluation of the expression may involve the lockup of
symbole in the main table to get their velues. If a symbol is
undefined, a chain of references to it is created in the object
program, and the loader replaces the links of this chain with
the actual value of the symbol at load time. Undefined expressions

consisting of more than one undefined symbol asre saved in a

e
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table in core until all the symbols in them become defined, at
which time the expressions are evaluated.

Of course, the general scheme sbove doesn't account for the
processing of directives or macros, which makes up an appreciable
part of the code for NARP. Refer to the listing and the following

report for more details.

O
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2.0 Organization of NARP in Core

2.1 Core Maps

When NARP is running, the core is used ag follows:

Og "\3
L0004 |
10000 ) Working storage {corresnonds
L to TEMP vaCKage), see¢ below
lh0008! g ( for details.
20000 | J
24000g ,};//:f:"// f/// / // »
30000g ///, //// /} ! | Read-only code (corresponds
000y |77 /[// e e e

of NARP listing for organization
of this part of core.

See Tigure 2-1 for the detalils of the first five blocks of core.

The arces in thesge blocks are discussed below:

pop communication cells Thic is siaply cell ¢, used by pops to

rensmit parameters and return address.

cells 1 through 77B: These cells are not used by NARP or the

system.

pop links: This is cell 100B through 177B; it contains the links
for the pops used by NARP. This area is initisalized when NARP
is started and then never altered again.

programmed interrupt links: These are cells 201B through 224B;

if programmed interrupts are used, these cells contain pointers
vo the routines to handle the interrupts; they are not used

or altered by NARP atl present.
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allered subroubines: These are subroutines thet ore not pure

procedures bue whose inslructions src alteced poriodicaltly (in
srder ke the sroutines as Tost as TN L o

order to make the subroutines ags Tost as pozsible). Theose
subroutines pack and wnpueck characiers.

DTAB and MACT: These are two tobles used in processing mecro

cetinitions. fThey sre placed in read-write memory becuuse they

are alfered.

ond

noriiil temns: These are the temporary working cells used by NARP;
1 T

each One is described in the NARP listing. They are called
"normal" to distinguish them from "recursive” temps.

recursive temps: These are temporsry working cells used by routines

that are called recursively (e.g., the expression evaluator,
EXFRY.

ecursive subroucine linkzs: These are the cells where retuwrn

"

addregses Tor gubroutine calls are stored. The recursive
subroutines are distinguished because their return addresses
must be saved when the subroutines are called recursively.

norre L snbroutine links: Same ag recursive subrouvtine links but

for non-recursive subroutines.

frecze areas VWhen FREEZE is encountered, information about the

variows tobles in NARP is stored fa this area.

table bhowmde:  Pointers and upper bounds for the varisble tables

used by NARP (main teble through pile) are stored here. See
NARP listing for formatb.

nitial relerence tobles: These are tables used to mske mail

g

table lookups fast.
main table: Symbols, opcodes, and literals are stored here.

Lring storage: Macro bodies, macro argumenisz, and repeat bodies

are stored hore.

gxnression table: Undelfined expreszions are stored here wntil

they becone defined.

inpuvt pointer stack: The input pointer is stacked here when input

is switched from one source to enother {e.g., from an input
file o & mecro).

character stacke Charscters are stacked here during token

recognition.




operand steck: Operands are stacked here durisge expression

evaluation.

operator stack: Operators are stacked here durine expression

evaluation.

pile: Recursive tomps and recursive subroutine links are stored
here when a recursive oubroutine call occurs. This table has
no pre-seb length but simply takes wup all the core in the first
five blockes that ig left over after the other tables and areas
are detined.

input buffer: Blocks from the input file are read into this area.

output buffer: Blocks to be wirritten on the output file are

stored here.

2.2 NARP As A Pure Procedurc

NARP is coded as a pure procedure (i.e., it is re-emtrant)
s0 that several users may use the same copy of NARP at the same
time (of course, each user has his own working storage). Since
some temps used by NARP have initial values, it is necessary to
have sowme means of getting these values initialized for each user.
In NARP this is done sinply by including sn extra block on the
drum which contains all the initial values for the initialized
temps, as well as the pop links (see Section 7 for a description
of what happens when NARP is started).

Subroutine linkapge is handled as in the following example:
SUB ZRO @ RETURN ADDRESS SAVED HERE } in read-write memory

BRU  ESUB

ESUB < body of subroutine >

[ -
BRR  SUB y read-only memory

This scheme uses no more memory cells than that using SBRM and
SBRR and has the advantage of being faster. The only drawback
is that one must remember to precede a subroutine name with an
'E' when writing the subroutine. A call of the above subroutine
looks like

BRM SUB
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1.

Assume that the subroubtine SUB is Lo be added to the AT

package ol NARP; 1t should be done as follows:

Insert ohe name SUB in elither the nacro ROTMLRG or the mecro
SSTRG (Aepending on whether SUB will be called recurcively).

3

These two moacros are the very first macros defined in th

©

DRF vackage.,

Insert the code for the cubroutine in the MAC package. Don't
forget that the first instructzon of the subroutine is labelled
=8UB, not SUB.

At the end of the MAC package insert BSUB in the list of

external symbols.
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3.0 TInput/Output

3.1 Inout

The input .curce program is read blockwice by GETBLK in
MISC, and NARP? itself does the unpacking of characters. This
unpacking is done by so-called "altered routines" which are in the
read-write portion of NARP because some instructions in these
routines are altered to make the unpacking as fast as possible.
The four unpacking routines are FILE, UNPCK, DUNZ, and DIGI (see
NARP listing for when which routine ic used), but they are all
called indirectly by BRM* INPUT, so most of the time the main part
of NARP does not know where characters are coming from.

Since macro calls may occur within macro calls to an
arbitrary depth, information about where the input is coming
from must be stacked and unstacked. This is done in the input
pointer stack (by STKI and USTKI in MISC), which has the following
format:

0 9 10 23

leagth input subroutine

A
v 7 -
-
s / L

/;:>/Ej;// //// word address | char
e g {
7

8 21 22 23

S

N\

(&

lensth: This 18 only applicable when the input subroutine is
DUMI; it is the length of the part of the argument that is yet
to be processzed.

input subroutine: This is the address of the input subroutine, i.e.,
one of FILE, UNPCK, DUMI, or DIGI.

word address: This is the address of the word from which the next

character will be teken when this input gource is wnstacked.
char: This is the position of the next character within the

word specified by word address; it is not applicabic for DIGT.

)
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Althoush BEMX¥ TNPUT delivers the next charucter, ihis ig
celdom what is wanted. Taug, BRM CNIC s usced irstend bhecanne
CNLC (in CWNTRL) does gome prenrocessing (Iike weedingr ous
most characters ™ YYB) that iz usunlly necessary no matiter which
part of NARP is asking for the nexi charactor. Currently the

I

only places where ORM® INPUT is used are in GNLC and in LCHAD

H

(in MISC). Due to later changszs to GNLC {(to make it handle 13B
cuaracters in two different ways depending on a flaz) it is now

nozsible to replace BRM* INFUT by BRM CNLC in the routine 1CIIAR

Prom a logical ypoint of vicw it would be wise to moke thege

changes;>

3.2 Oubpus

Binary program produced by NARP is output in blocks {(by
OUTH in MISC). The house-keeping needed to organize the binary
program into blocks preceded by 3-bit codes is done by the

routines BPF, BWC, SWC, FF, and OVAL in MISC.

of courss, osher changes should be made to ICAAR at the same time).
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4.0 Basic Processes

.1 Tockup ol Swwbols Onnodes, ond Literals (including format

Fe
2 i Y

of main table)

3

An entry in the main table concists of four words, reproeteanting
a symbol, »n opcode, or a literal. These entrivs are arranged so
that the {irct two words and the address part of the third word
are the same (as Tar as the lookup routinc is concerned) Tor the
three dififorent tynes of entries (see Figures h-1, 4-2, and 4-3).

As new symbols, oncodes, and literals are encountered they are
added at the end of the main table, so if scanned linearly this

table contains symbols, opcodes, and literals all mixed together

(e
[e)

in an unpredictable order. However, this tabnle Ig not scanned

lincarly: its various components are linked together via a "table
link," the address part of the third word of ceach entry. Thus,
Tor example, it would be poscible to link all symbols together
in one chain, all opcodes together in another chain, and all C:)
literals together in yet a third chain. Then when a symbol
was to be looked up, the lookup routine would only nced the
symbol in question and the address of the first symbol in the
main table. By following the table link from this first symbol,
all symbols in the main table could be examined. This, in fact,
is precisely how literals are handled, i.e., all literals are
linked together in one chain, and when a literal is to be looked
up this chain is followed from the first literal in the table
until either a match is found or the chain ends {in which case
the literal being looked up is not in the table).
Although opcodes and symbols could be locked up in the same

way, it i1s much faster to organize things slightly differently.
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Figure 4-1: Format of a Symbol in the Main Teble

0 56 11 12 17 28 23

i

A B i C D |

]

l' // T ) ) i

3 e o / e S o

" 7

i i
c%ip’yﬁl fiéf, rfactor table link

value of symbol

0123 45 9 10 23

ABCDEF: Thic is the character string forming the sywmbol; 1f it
is not six characters long, then there is blank £ill on
the right. The shaded arca is &ll zeroes.

symbol is defined .

symbol is equated

symbol is to be forgotten These are all booleans; 1 means

. true means false.
: symbol is generabed ;9 °

e X ™o

:  syrbol is external

rfactor: This is the relocation factor for the symbol; it is
stored as a gigned, two's complement integer with the
sign in the first bit (thus, if the third word of the
above entry is in A, LSH 5; RSH 19 will leave the rfactor
in A).
table link: This is the address of the second word of another
symbol in the main table, a symbol with the same hash
code as ABCDEF.
value: IT the symbol is defined, then this is its value. If
the symbol is undefined,; then the value word is interpreted

as follows:

0 1 910 23
eV T

ifg= 0 then o = § — 7 is meaningless (9)

= 1 - Yiz the sddress of the last output instruction
veferris: to ABCDEFR.

if o= 1 then© is meaningless ($) and T is the addrecs of the first

occurence of the symbol ARCDEF in the expression table.
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| ’
<l/ Figure 4-2: Pormat of an Opcode in the Main Table
0 5 6 11 12 17 38 23 .,
. 5 [ ‘ |
A B | c : D
| i T T
i L P2 IRV
i 1, g ‘
< !f",:’/,'/JQS ¥ ! \ { table Link |
value of opcode

012 456 78910 23

ABCDEF: This is the character string forming the opcode; see

Tigure L-1.

o = 0 non-shift opcode M
;; -1 Shit opcodg ~E. see NARP Reference Manual, Section 3.0
2= R do not oubput opcode definition (the case for macros and
pre-defined opcodes)
& o= 1 output opcoae definition
(;) ol This bit is always zero so that it, &, and§ can be accessed

together in analogy with the rfactor of a symbol.

- opersend optional
- no operand
- operand reguired

Y Class of opcode:

- iunstruction
- directive
-~ macro

(: Type of opcode:

P DS

Table link: This is the address of the second word of another
opcode in the main table, an opcode with the same hash code
as ABCDEF.
value: the interpretation of this word depends on the type of the opcode:
in§truction: value of the instruction.
directive: address of the routine in NARP for processing the
directive.
macro: address of the first word of .the macro head in string

storage (see Section 6.5)

C
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Figure 4-3: Format of a Literal In The Main Table

‘0
0 23 ¥
value of the litaral
rfactor of the literal
} T T -
I S table link
’ s S s S
] ] (,'/ , , N
AN /> |
0O 1 2 9 10 23
value: This 15 the value of the literal.

rfactor:

This is the relocation factor of the literal.

table link: This is the address of the second word of another

~
~

i}

e
1:

literal in the main table.
/& is meaningless ().
/~ is the address of the last output instruction referring

to the litersl.
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Pipure b-b: TFormet of an Initial Reference Table Entry

Initial contents of an eniry:

o -
. [l 1 -
Py - ’/ <N
[ / T >
! L //’ /4 /// / SIIY Y /r P ’/ g
Vo, L ST SR IRAidd
0 9 10 23

o ¢ This is simply the address of the word itself. Thus, the
“irst word of an initial reference table entry simply

contains its own address. The shaded areas are zero.

Contents of an active entry:

//// - - //Ij/'//,;, //’///f X
0 g 10 23

™

Address of the second word of the last main table entry

in a chain.

Q<

Address of the second word of the first main table entry

in a chain.

()

| e

¢ RS Ao AN < T e o T <

e o r v hm e = e et i e . Bt o
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Nemely, when a symbol is to be lcoked up, a function is amnlic

to the character string forming the symbol to yield an integer

calied the nesh code For the symbol. Thiv wobtorer ‘s oven and is )
. mtevtr q
in the range [0,62], and 15 uced to accccs an reverence

).
jto
&
i
2
[)
4

table (see Pipure L-L). An init

3

. A - gt Y
ference teble i esscentlially

a linear worray ol pointers to the beoinnings nad eadirge o
chains in the main table. Thus, instecad of havin, all nymbols
on one chain, they are distributed over 3P chudnc, snd nll tre
symbols on a »iven chain have the same hach code.
number of cymbols thot must be locked ab belorve discovering if
a given sywbol 1s in the {table iz rcoduced from n to {ca the
average) == , where n is the pumber of sysbols in the table

2
{(this, of courze, assurcs that the function Aistributes symbols
evenly over the 32 possible hach codes). The lookup works as
follovs: {Input is & symbol and the address of the base of an
nitial reflerence table.)

Compute the hash code Tor the syrbol and add it to the base

e

ol the irnitinl rofercence boble sliveon sz input. Thusg, two
[ J

v delinit the ehaln on which the

p——

wvords are accessed whic
symbol nusl b2, 1T it is in the table at all.

2. Alter the table link of the lach symbol ia the chain so that
it points to the symbol being looked un. (Wote: The symbol
<o be looked up is salweys placced at the end of the main table
before calling the lookup routine). This essentially adds
cne more elemenat to the end of the chain, namely the symbol
to be locked up.

3. Now stort at the first synbol in the chain and follow the
chain looking for a gymbol equal to the symbol being looked
up. It 1s pguaranteed that such a symbol will be found
because it is alvays the last symbol on the chain.

4. When the symbol being searched for is found, check if it is
the last symbol on the chain. If not, the sywmbol being
looked up is in the teble and has been Tound. On the other
hend, if it is the last symbol, then the symbol being looked

vn is »ot in the table.
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‘*s,\
case the looked wp symbol is not found, 1t is usuwally <:j

o

ded to the table. This is done s3ismly by chauming the
initial reference table catry which neints o the wrevious !
et gyuabol on the chain so that it now pointc to the symbol
at the ond of lhe moin tuable. Ia case the looked up symbol

13 no% Lo be addaed to the woin table then no action need be

taken (this means, in othar words, that the teble link of the
last sywbol on & chain may peinl anywherc).
The lcookup of an opeode vorks in precicely the same way excent
that o dirferent initial reference tabla le usced. Litersle are
also looked up in this way, bul the hoath code is always xero znd
the initial reference table only contains one enbry. (It would
be possible to speed up the litersal lookup by computing some sort

of hash code on the dasis of the mamitude of the literal.)

L.2 Token Recosnition

The input to NARP is essentially a stream of chearacters that C:}
must be analyzed to fiand which sequences of them form sywbols,
which form numbers, ete. For the purvoses of this description,

a token is o symbol, a number, or a single non-alphanumeric
character. The basic routine for recogniziung tokens is GNE
(in CENTRL).

The logic used in GNE is displayed by means of a state table
in Figure 4-5. With this mechanism, a siring of characters can
be analyzed by using an integer called the mode (or state) to
descrive the kind of string processed so far. A new character
in the string selects a column in the table, while the current
mode selects a row; the table enbry common to the column and row
containg the new mode. This process is repested until & non-
alphanumeric character is encountered, at wnich time the label
indicated by the rightaost column of the table and the current
mode is jumped to. Fere is au example: (Note: %Blanks have no
meaning in this example)

input string: 1 4%

U
3}
w
e
#
O

jo)
1
Y
1
w
%
o

moder 2 1 1 1




Firare L-5

nte Table Tor Token Recommition

5.8

r - ;
'~ charactes : Lo
s <edl ouhe%
i i H
,A,CLE R, B D {O,l,...,9;characters)
mode \
Lo, 7 ; |
! |
2
first -3 -3 -3 1 I ud
character ! (
. !
i t [ :
1 | | !
. 3 » v )
in a digit| -3 0 -1 Lo ne ;
string | | %
i 1
; 1 | |
1 ! 3
0 ! ! |
after | -3 -3 -3 ! -2 neb ?
<digits>B i |
| | ;
1 |
after '
cna s - - - - 3 l
<digites>D 3 3 3 3 nsa ]
{ -2 ’
| »%ﬁ?@gm_m i -3 -3 -3 -3 nsba
U Secdyesp 5 W wd
PN
(
poo-3
{oin & -3 -3 -3 -3 § yrab
I Symbol
i I
comment the mode is initially 2 (first character);
symb ¢ pack symbol; compube hash code; gobo symbol exit;
nsbn: gne =8} comment gnel contains the radix for the number;
scale:=last digit stored; chp:=chp-2; comment chp points
characters; goto E2;
nsd: gnel:=10; goto DIj
nsb: gnel:=8; Dl: chpsi=chp-1; eppto El;
ne: melr=radix; El:scale::¢; E2:concatenate number using
gnel as radix and checking that «ll digits arc less than
the radix; gobo nunber exit;
ud: zoto other

to
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e
Notc thot in this example it iu not clear that 146B3A is a symbol Qw)
until the very lastv choracoer, 'A', is »ead.

Although the state toble could be iomlomeated by huving 2 Y
two-dimensional array of words containing e new medec, 1t ic
less space-consuming and probably Just as fast to do it in a

o

more ad hoce fashion a

.

;

is in NWARP. PFor example, when an
input chiwracter nclects the leftmost coluwmn of the table it io
not necescary to use bhe current mode o select o row hecause
the new mode is alwaye -3 no watter whal the current mode ic.
The selecvion of « colunan is done by weing the indut cheracter
0 accesy o linewr array of 64 words (CTAB) which contains the

addreszses of [ive vieces of code corresponding to the five

A}
colums In the table. Thue, in the above example, whca the
first churacter of 1M6B3A is read, it is used to accecs CTAB,
where the labol DIGIT is found. A jump to DIGIT (in G¥E) is
made, axnd there the current mode is looked at to determine what
the new mode should be. -~

The format of CTAB is:

0 ) 9 10 23
I i P
N Y~
(SO used by statement processgor {sce CLOOP, Section 5)

P used by EXPRI (sce Section &.3)

% e address of code in GNE (NOTBD, BLET, DLET, DIGIT, or OTH)

At the bottom of Figure 4-5 ic a sketch of the processing
done by GNE after a token is recognized. It should be noted
that as characters are read by GNE they are stored in the
character stack (pointed to by CHP). This stack works recursively

because GNE is a recursive subroutine.
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ht) ..
h.3 Txoressions

1 NSRP expression is essentially a strings of symbols and

constanis cennececd by operators.  The meln rouline Jov evaluating
expressions fs 2Pk {ia VIVTRL) which slso checks their cyntax
and the compatibiiity of the riactors of iheir tirms.
An auxiliary routine, BXPRI, is culled by BXPR to get thre
next syntactical element for FXPR. The flowchart ia Pigure 4.6

gives an outline of the workings of IPRT. Nole thet EXPRI uses

2]
€]

a part of CTAB (sec Seebion 4.2 for Toruwt) to access arother

ot o FrTy o : ot $
table, raxely OOWRD {sce Figure 4-7). A2Zko urh entries in
CPVRD describe oneorators and are uwsed by FPEAPR wrien the onerations

. . - o ~ e - Y .
are Lo be performed, ose field in OFMRD {(BAPRI twoe) 15 used by
DXTRI, both fto brasceh to ceticng within INPRT ord o be delivered

in the A registor to tell EXPR what kind of syntactical elemont

(2

wag dolimited. EXPRI elso puts informetion in the operand stack

>

(somevimes called anstk) and in the operator stack (sometimcs

called atstk).

The syutex of an expression is checked by a state table
{see Section 4.2). In this casc, the shate table iz implemonted
by baving a two-dimensicnal array of words, indexed row-wise by
the current mode and colwm-wise by the type of the syntactic
element {(delivered to EXPR by EXPFRI). The state table is a

t more complex then for token recogrnition since each entry

o
e

contains the address of a piece of code o5 well as new mode;
ofter the mode is changed the plece of code is executed. Below
is a pseudo-ALGOL description of the actions of the code pieces;
refer to the NARP listing for the state table and for further
detalls.

next syntactical element | next: EXPRI; snmode:=ncw mode; goto
action determined by old mode
and EXPRI type

plus or minus jroR make nowoD a wery operator insitead
ol o pilnary one;

negate or dinary op. nt:bo: STACK; moto next;

symbol or constant 5C incremens anp 30 the value delivered

by EXPRT 18 ov in the overand
stack; poto next;:




I4

T

! add syubol to

rlece velue of !

'velue in ovzyrond
. stack

o
o
e

e, 4

- T e T
e B S T R e Y

L&;-"-\,t P
ST S mmE

See Figure L-14 for more detni]s
of this action

O O

. . . e &
el fov A {in CALTRL)
I {\T, RSN

e

— e N\

stack siid ploce
mul.
i stack

f |

T in oyerator

he -~ P b 1,
in operotor sieck

o

}.‘l

‘}—l



O

%

<

X3

.

s

Fipure 4-7: TFormet of OTWRD Table

0 1 2 89 11 12 vy, 19 20 23
! i { — p |
P -] - e
s g S B B N
rfector of result (¢—abmolute, I-found by applying opcrator
to riactors)
degree of operator (f-binary, l-wnary

EXPRI tyze (uveed to branch to a piece of code in EXPRI; see
NARP listing)

rfactor of operands (f - all zbsolute, l-arbitrary, 2-arbitrar:
but eguel, 2-ut least one is
absolute)

suboncode:  used to distinguish the various reluational operators

opcode: used (by EXPR) to access OPFTAR when operator is applied

to its operands

hizrarchy (also called precedence) of the omerator
7 IS

o ey oY AT AR TR AT T S ST B AT 1) 1 R SOOI W e
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Figure 4-8: Format of An Entry in the Operand Stack

Entry is & place holder:

> 3

Entry is an undefined symbol:

R ey PR PR I {
GG WE Gu LW WO oW

R T i T L e T oS cr e .
CL Tl MOLL T2 CnIvX '

for the gsynocl 1

tntry 18 o dcfllined valuc:

value as a signed integor

rfactor os a signed integer

Py -

Entry is a defined literal:

“

address of Touwrth word
of the main table cntr;
for the litersal

i
}_W

Noke that the third word determis. . vhat kind of entry it is. The
second word is only uged for doiined values.




O
< Figure %-0: S

Figure Organizacion of the Cperand and Onerstor Stacks
‘J
- ! !
( CHP i ) |
|\ ucpp , upper uognd‘of c%a:gctcr soecih Lland e,
‘ L oosanee is Thived)
" s
| ANP ! cverands stack nointer | B
{ i i
] ! ~ T
tuble “/ UALP ! opertald STacy (Unis Do Lol | 5
bounds ' : (
i ATD ioperator stack pointer 51
i { ,
1] - o ' ™ - i doaa
| UATD upper bouada of operatcr witichk C‘ozz;& DOLLGET |
i SN —
| i is fixed) { i
i o
I PIP ]pile pointer k%
§ | ; ;
{ - 3
(_ upIP BN
P
C
VAV
g
— ! i
this word iz never use #

{

]

| :

% ANP2 / ////// //////////// ‘ ““}

! - - > £i
Aj // // //// e g ~ operand
operand = goes
stuck ANPY / // / - e / / | here

T

B T U NS PP WS NS NS
Rt et s e N e e N e e e N et NN e e
1.
anJ word is never us )
e /// 7| T)iimst opere-
1 T, _Jtor goes
here
operator
Stac“‘ N I N, G N L S e N L A IV B T B W N
A A e A A e e NN PN Nt A M\A/\/\M‘/“‘r
| |
i ;
£
el
m\\ i
(ﬁ) In this figure the woirters AVP and ATP indicate that the svacks are
the Lcubrel state, 1.e., novthing 15 .. OO0 CLET U.88 The stacks.
Thcse two pointers alweys poinc to tia lagt active word in their respective

stacks.




VSRRV

right parenthesis | rp:
TN
(1)

exit ex:

e

T v

h-15

noke nowven ¢ Literal onerstor instead of a
relelloand operaior;

SYACS; decroment abp wwice ©0 get rid of []
in the operator stack; [7oto next;

o

STACK: exit from BXPR;

Pal

o i, w P e e T o Ny Sied Y e e o
Of cource, the Texit from EXVRT covers a lot of Jotoils, perticu-

Tonrly about wideTined exprescions; this is dizcusced in the NARP

istinmg =

Tae subroubine STACK does the achuzl ova

e
in Seehion b

Yo (See aloo Fizuenoho2s ) Laid, andg b-17).

o

the cperntors in Che ovsrator wback to the operands in the

coverand stook. Tae comd

trls roucine. IT an ope

value, specind ac

-

hibility of rToctorsis sloo checked by

.

rator iz to be applied to an usdefined

musl be teken ag is discussed in Seetion

o
L.k, Sce the NARP listing for more comments on STACK. Figures

4.8 and 4-9 give deilails
b
W

a Pew exanmyies by hand.

of the two stacks involved; an entry
preciscliy the same as that in OFWRD
the TAPRY type is always zero.

an iden of how TXPR works is to try

Below is an example showing the changes

in the stacks as "A+R*¥[C+D]-3;" is eveluated (assume A=1l, B=2,

=3, D=h).

Overand Shack

A

~ fol
W
Py
. ) LA S Y .
ﬁ + *1 has oregter
Y

mlerdseny tonn does

[N R T T
4 P L0 LS BlacsCh

+ [ 18 always simply
T WULLAOUT Coin-
werarchics

A ¢ red
Py Havrel

-

orri o
X

5

s
Py

O




L-16

Covarand Stack Onerator Stack Conments
TS — t

Qwx
o 4

9 Oow s
4 N 3

A - "1 pusnes all operators
) % out of irne stack throuzh

"y 7=C+D

-2

A + first "-' pushes oub '¥';
b =B C+D]

- e
15 - G

hen '-' pushes out '+';
15=A+Bx{C+D]

15 -
-~
12 '; ' pushes out "-';

12=A+Bx{C+D]-3

b v o e
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L.k ondling Undefined Quantitics (inclndine Litosalu)

There ore essentianlly three different kiwds of wpdefian.d
guantitics troated by NATRP.
1. An cxpression consigting on cne zymbol which
This ig usunlly referved to as the wdeliacd symbol case.
2. An exvwrescion consisting of more thon one symbol (i.e., a
symbol and an operator, several symbols and operators, ete.)

which containsg at least onz undefined syuwbol. This ic

ailed the uwndelired expression case, altlough strictly

specking, 1. is also an undefined expression.

L. Li.1 Undefined Svrbols

The symbol is placed in the main tablce (af it is not alresdy
there), murked as uwndefined. The "valuz" of the symbol is the
address of the iInstruction for which the symbol is an operand
(see Tigure 4-1). The second time the symbol is referred to, the
"velue" is ocubput with the current instruction, and then the

"ralue.

ab&dress of the current instruction is placed in the
8 creacted with its head stored in the main table.

i
For exzmpie, if U is uwndefined, one mipght have:

J Qe ey AN ey
Addreza Scurees Oroput

Lol ALPHA LA

50 ATD
SUB B 520 “
7¢P L L% 6@
.at this point, the "value” of U in the main table
is 7¢p

Loy bggE

. g8
D b

|

[
RS
w
o o g <
v

speci icece

&

When the undefined syaxzbol is finnlly deofined, a

fmt
rd

&)
of outwut is generated (labfix head) which telis DDT to follow

it

the chain beginning at "head," replaciuvy each link by the curreat

value of the location counter The erd of the chain occurs when




h“78

-

the Iink in an ioobruction 3s eoguel bo the addross of tho insurue-

tion. {Some oscexblers indicate the ond of a chuelin by 2 z¢r0

Tine, bub this meoans, however, thot im cert. s caewl s undelined s,
whol ir che ©irst dinstruchiicon of o progre. wail ot e Srooated

" e 4 - IR TRNCIC RN U - ~ s T VAP
corvectly.; Do continue wilh the r50ve examnie, 100 U DATA -1

. : e
avpcare ot locavion 3D, then
- - .{,I
laolix 740

) _ — s I \
se oubout. DDV troces down the chualn, rewmlacing Bhe Lin.o by

the current locatlon cowntor, U84, The progrrm then loohs lixe

’v ) /’73 'LDA S}f!j

S0 ALD &

€50 sSUB 8
38

: oY o)
e A ¥

Tt oan clear from the o
veforepces compiebely by itself, but in o sense utlliizes the loader
28 a sort of zecond pass. This scheme works becausce the address

.

part of Lo ingteuction with the wndefined aywbol can be ussd

1)

10 hold information for the looder, nnmely a link.

L. Undefined Bxorescions

Hewever, if the ocerand for an instruction is undefined and

consists of mors fhen o ginole aywbol {e.g., =U, U+l) then there

5

kY

ig not eacuzh room in Lh 11 the inTormation,

(83
t.).t
453
<71
b
3
-
[¢]
¢t
}4“
<
&
ot
o]
jo2l
0
P
jel]
{ 5

B3

esoecially cince the undelined exprension way be very long and

in many undefinod symbols. To solve this problen,

5
o
g
e
[
’

p’
m

wadefinod expressions arc stored in a table in core (ealled the

€]

expression table or etab, pointed to by ETP). When all the
symbols in a piven stored exgprestion become defined, the expression
iz evalueted and output So DDT. One other complicstion enters

n the main tebl

}J-

however, namely that There 10 not enouszh room
entry for both the head of on wadeliancd chalin and o pointer to

the exmression table. Thus, a bit in the "yalue" word is set

oy




k19

to indicnte that this word noints to the expressicn tnble (sce
Pieure h-1).  The word pointed to in the expression table

represents the occurrence of the undefined symbol in on cexorescion;

it conlains either the nead of an undefined chain or els: polints
to the next cecurrence of the undefined symbol in = caved

exorecsion (sce examnle below).
Tt should ve clear thot the case of U as o sinzle undelined

symbol is kept ccaplotely ceverate frex the cune of U Lo wn

undefined expression. The occurrence of U in an uwndelined

symrossion does not at all efleet the wdefined chatin that o

“

nbernal to NARY, nomely

15

utput to DDT.  The only difference is

f

that {ke head of the chain may not be ia the main tsble but may
be at thoe end of the chain running through the extrcssion tnbles
it will cinmply talte a2 bit longer to retricve it than if it were
in the main table.

.

The cxnressions are stored by RXPR in Polish post-fix
formn (see Figure 4-10) sloro with the address of the instruction
where the expression occurred. When an undelined syrxbol that
appears in the expression table is defined, the following action

s taken {by the routinc FOLEC, see Figure 4-13):

e

H

Tne chain rumning through the exprecsion teble is followed

and ench link is replaced by a pointer to the symbol in

the main table (it is not vossible to put the actval value

of the symbol in the exprescsion table because defined values
necd uhree words in this table and there is oaly one available).
2. Tn each expression where the symbol appeors, the undefined
symbol count is decremented, and if it becomes zero (indicating
thet all the undefinco s

defined) the exvmression is evaluated and its value is output

ymbols in the expressicn are now

feliowed by either

fix b saved lc

or
fix 2k saved lc
These cause DOT to fix up the instruction at "saved Je" with

the last output value.




T3 e 1y 2 Ed ; q T . ee ¥
Format of Saved Thmroon Lo

Cr'{9}7” : Snee as o,
F

clurrence

necessarily ABCDER,

v thet symbol i3 nok
and Y does not point to the first
of the symbol in the atab.

25 in Figure h-1 excep

23

i
Pointer to f;),

by ;
s o |

defined
value:
oo Addr

%

Ex]
e85 ol

in the wain table.

012 Lo 10 23
¥ [ i v =y 4
; Pt S i : F s
End-expres- e i fﬂ 4| Z”*““ | loec ent
sion: i 4 M P

b b

{thus ¢e

in the et o] entxy, wi

of + @ mesns that the value of the cxpression should be computed
Loh, 2 s 1 nmeans med 22,
7+ @ weans thes loc ent is mcanirglesw {(#), X mesns it has mesning.
udef cnt aunoer of wndefingd cymbols in thce exmressica
loc ent: address of Lhe lnostructlion in which vhe ewmwression appaared,
G;;j Aoy I X vepisver cont «iﬁ‘ e adarecs of Lndy wora) uhwn BAXY @, 2
makes Il golﬁc Co Bhe Tl womd of Lhe oMTolnaanon Ln the olnb

&

oo

and

ol Lne mumber of wordg
b3-b9 zerosd out).

ontairs 1+
th »0-b2

e .;;}ﬂ;m-\;—p

BiLs D2-bl indloate the tyne of the word stored ip the etab.
The shaded areas are zZerocs.
. 012 bLs g ¢ 1112 1vos 19 20 23
Opcrator: e o 9\ -
T D R SR e i o ! & | £
| R 4] TS . &
‘r% ‘.()’ ¥, g”‘/’ - /: <S | . i D g!
: o e T
‘*”’}\/p/\i\B: Sec OFWRD table format, Figure L-7.
]
012 45 23
{ T A MY 7 Ee T ’ e
L LT T, ST oL ., A A /
Defized value: o T g
{ b 1 g//// e // o //:/ ’/J/ P /,/ %
; riscoor
‘ valuc E
ol2 Ls 9 10 23
1 i
. . i |
Undefined wafﬂ 2 r’//;/// ' e
Syrmbol: L 2 e




E—

ey 3, 0~ oS = : i
Pimce Bei0 (continiod): Fovest of Seeed

.o

Tomregsions

OL2 b5

~
(y?f\

7

rnuvaber of words in the etab e

e ebab brocomes Gedand and is
the first word of the entry ic

. ~ J/
to ald in garbr e collecting (-

wore, is in cell /%, then(/+«{ i

wora of the next expression in

-—L- - i . o - -,
entry; alcer wn expreseion in

Lons eveluasted aald ouiput,
renlogced by the gbove word
ca Becoion 8); the above
5 the address of the first

the etac.

O

fm\\




|

: ’

| [
‘ b2

£y -

3. Wnen the end of the expression tidble chain ig recached, its

s P SRS SR s ) . -
contenss (the head of an vndefined chuic) are used to outwub
1 - St . o T o A .
: " anfix head! ag described above in Seelioa wlbLl. y,
: N
Twomole
Main
Adéras Souyrce - Addreos Table
N s - W e
LS ThA U - LDA L) nGnge= U ¢ } !
: : [ /,/,
. il o v — 2 o “" : f
PR 55 -U LB 595 AR
’ K“”' AR v aC el
. . ‘(}{/ ! qj“ Ly
i 7 v P s
o sys U LG

708 IOX U~18

 p
AN S B B
o
joe]
=<

[oFoNTS
O

L

=
&
=
o

@

Now if U is defined, say by U DATA -3 at location Spf then the

foliowing is oubpub:

l\:t L = LNN.g ]
d setrel =1 {sete special relocaticn Tactor)
e8] (marked oo specinl reloeation; value of -U)
Pix ik 5% points to location wheve -U appeared)

value of U+18)

\O

by

e

»

{4

-3

RS
e o
Pt T M e N
¥,

oints to locetion wheve U+18 appeared)
B (points to start of wrdefined chain)

-3 (contents of word lshelled U)

RSN

b
&
i
b
#
[e2]

After DDT finished processing the Love, the result in core is
L LDA opp :

549 1B 9P
€zph SUB 0

1 7¢3 )4 918
B ADD on%

oFp -3

e o i




5 A 3
Loh,3 TYiterels
AEEETELS

p . . SR D o e

The litcerel operator "=' tukes o velue as oo ooerand and
— - . [ o R T e e I T Y .- RN
Froaucon viae adirens of this wvelue.  Since Literols cre ou DUT

N o 3 ; e Toom P 47 S BN O
at the ¢nd of the VEOFoom BeLny GESwe.Loel, the address o7 g

. Lo b -, - B L T VU P R A
inownanown watil the end of thy wrosran, o thut references

to literals are logically the same as rofcerences bo wndefined

“$ b R .
cymbols,  There ure 1iwo caccs:

L. "o ewrresnions following vhe 1i4ownt omzrator § - AsliMands

of the lite
15 to Look uwn the Xitoral in tho wo

e 4 P . S il o3 ke KA " 3 N
chis cebio 1 it dso not already the

_,
G
5
£
&
4
<t
IS
&

- - L -, e

malis Suble entey as the
A B 4 aa Y « wm ¥

cimost the cems ez the fourth wo-d

symbol, L.e., it is the head of 2z ¢

9, 5 - s, o8 g e oy
thals word nover points to the expre

2., "o eunrotsion following tho Iitors

&
cin tavle {(Lading it o
3, v £ sy -
rej rod return the fourth
value., This vord o
o i o ot en ”5.-,” Iy
oY &n e”luz" LOT oo vncelined

.

hain of refleronces to <

; - . . P N v
Lneeral. Tat only excovtion is that DQ 18 always ¥ because

gxion tuable.

1L oomaratoyr in undefined:

R ) e Yoy NI R T . 2
o this case the litorol iz placcd

. R s N o o0 ¢
g any other walelined express

SN a3 - = - 3 -4 ~f 2
weotan eymression beeors defined, i

" . P T S . » -
anoaaeszrihad above In L. and dn Sceo

in the exvression table
Zon. When all the syrbols

iz gvelusted and processed

2]

[
P ioh
CLON “Fades

Whern the DOV directive ig sncountored, the literals in thre

main teble are output one by one, euch
that DOT «ill fix up all the references ?
this the c.ooression table is scanmed.

table excent those cf the form =oywbol

becolse they cre expressions involvinsg

{ R3]
“
o]
gk
&
c.*.
PN
ot
[¢]
o
[
ey
53]
V3
4
§ ot
[

is every cho

[6]
bt
i
5
@
i
™
PJ‘
Q
143
73
=
EJ 2
[ &)
}-J
0
s
o
ted

Torm, thoen these
of the Tor

ovbpubting

.y - 2.8
1oy address of inctruction ro

preceded by o labfix so

o these litersls. AfTter

ALL expression: in this

cause error mosssges
{1f DoT

expregsions in Polish

wxternzl symbols.

¢ oviput to DDT.) FExpressions

bt

s; they are handled by

ferring o the literzl

*re

Fal

C

SN




CO

L2k

The only drowback to this scheme is thet every occurrence in
the orogram of =symbol (where syubol is wndefined) is pleced in
tre exvression teble. I TUMR were choneod Lo recoriived
=syirhol as a special case, & lexs spoce-consuming ocheme for

procassing externnol litorals mizht be devised.

Lok Tlewehorits for Routines That fondle Undafined OuanSities

ct

The observant rcader will huve noted that amany of the wointers

connectled wilh handling wedelinced cuantitier are sinilar. The
following four wovrds nave cosentlally the same format as far as

bits VL ond RLO-L2R are concerncl:

1. Thae foarth word or a main toble entry for an uxdefined symbol
{(Mieure h-1).

2. An undefined symbol word im the expression table (Figure L4-10).

3. Aan end-expression word in the expressicn table (Fipure L-10).

b, The fourth word of a main toble cntry for a literal (Figure 4-3).

For the first two above, by hag o common xeaning; if it is 1, then

b10-b23 point to an vadefined sy=xbol word in the exwression

o

+o ©10-b23 ig elgo the head o7 an undefined
choia fulthoush in cosge 3. this chain slways hag only one link).
In o1l fowr cases, if b1 is @, then bLl0-b23 is meaningless; it is
10 be ignored. The reason this case may arise iz that an undefined
cquantity may appear in a wrong context, but thiz iz not discovercd
uatil eateices have been made in the main table aad the expression
table. Thus, it is easier to set a bit than to undo what has
been done.

Anothaer format that is used in several places is that of an

1453

operator:,
1. TIn the OPWRD table (Figure k-73.

. Tn the operator staclk \Soction b.3).

o

¢

- “ )
the exmression table (Ficure b

]
O
—

In
The fcllowing routiners sre flowcharted in consideradble detail.
t

See “he NARP listing for o suecification of the input to the routines.




O

1. DEETRe This
2. ASGN: This
3. POLEC: This

rouvine dsfines lebol.

routine defircs eguatbed

2 r S B «, T PRI N S TR N
18 an auxlilicry rowcise used by bolh DEPLB wndé

ASCR to vprocess the exnression toble whoen an undefined symbol

is defincd.




NG

ipuve 4112 Fowchart of D77 (in Cuear)

< ’l’GTy f\

' |
N7
A IS N

look up label Ln
it neb found, add
it Yo 2oin teble

wich word 3:=
word L:=p

|
5

. A

Q |Letcel used tabink:=yord 3
{when typiog val:=word I f
(symbolic address T 7 Y lstder;-addr
in ocv»or mess., i wor&&}f
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H.2 0 Drveanivation of gtring storasc

Whereas 1T stotenments reouire only a ceriain asount of string

handling the processiag of rozedt wtetercnts and macros 1s almocst
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{
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both of which always noimt to a word that contains userul informocicn.

\_/ r—‘=

Waen a macro is defined {Ly MASRO and ENDM), the macro body
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0.3 Repeat stacemenscs

Handling repeat sbatemerts Lo done 1 Two noaanes: suoring the
repcat body, and then letting N/32 sroccos Lho slubements of the
repeat body as maay times
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stack, and roto CLOOZ;

Pl -'*rr*r( -

R&S
W
3
O
=
;’?

U
=

otherrige 7

Bvaluate expression and leave value In &)

/ * N oyt -, 3 e he ERC IR Cme g
Lofo en oset un input pointer o beguainn, of

P

) and 7oto CULOOP elco chlangco

[ e

- s 2

ZCEP to point to &, pet ol ilugit wointer Trom

K TVt R

By tiying an example the reader should conmvinee hinz ) that this

scheme handles nested repoats, as woll

repeats and vice versa.
(outside the ss) to make these nested

input pointer {sce scction 3-1).

as macro callo wilhin

e " I = R N a4 Y, €0 oy -
The orly information that accd be soved

.

structures work igc ohoe current

N

.

P

\-‘//




f TEL an
[ DTN

{PACKIT rovi inc)

b
SLTLOTD

In

o

ceveral

OP ‘t)/\/‘ﬂ{u
of PACVIE

the
Cimes and

section O-1.

preceding discusslion thoe

cven describoed Lo o corliin

Lhis cqeocrivoion Was

Howevoer

- N Ty EER Fta B
in processing it WS eus

P
definitlons.

M.,
L.1C

(The Las

entored, 7

The formatl

, inputs

e

9
.

e

e
o

See the NARD? listing

table
on labels
the teble

entries

3 A
LY

ig in i

in DIAB

cowcine PACKE

7 A Db s

nost

.
S 00

SO LSIEL S 1%
e wsed Tor wroccssibyg ropaal sboloman
wout to PACKTT is fyomidicit:
i.) The input poincer iz nositloned of

& statewent,

2.%  SOMNE cemtains vhe address of o
3.) DTAB has Lecon modilod.
two lines avove will e clariflod ohord

i

@7
Wi L
KN
vad e

R

T T
)

ewtoent,

I

\
2}

L (e
o3 d - -~
o vhe usc
G sy e Ay
the Toewbure
3 - s
&LLero
LI N SR
Ol A0ALNY T

Whean

sy} an)

PACKTT peads charachbers and d7amauchol oo Lhem v
At an entry in DIAD s coun Gore:
D

(O 9 10 23
§ H t

| ) 1 xﬂ/
IC\ g e | E ey
7 s m e el M. : . Sy et d ~ o
/\) MCeAs Deh~a.w 7 Ao Trie choraetoy P moal

R U PP ps e OIS R . T
An integer used oy SONSS (dCSL*IDLd in

Lddrecs of a plcee ol code in PACKIT

SR
MARD i

defincd in MLO., As soon L

sl

is moved to alterable memory (in UM

are changed frowm fLime Lo wime.

» {in MAC) for the specific
MAC ocause iun crectins b, ariibhs

\
A

3. ‘
R

scesion 6.9)

Ao,
PSS

st

0o

T
FOINRN Wi

P :
erLoTied

OV

cver

because some

For most churacters, the plece ol code indlc .ed
which simplv vacks the character into suring storane,
packing routine is PACK, an alicrable routine

TFMP alfter the basic inpult routines: when I is
roucinc PACK iz albored so that it docen™ pacht

indicates whether
2.) and

i

o rather sim

.
0.1,

the opcode [Mlelid s

N
[sly}

-8 b.os e
3. ) mer’loned above can

ple me

hoding nroc

o Be
crarlil

e
ooy
y

de

ing ZACKT

o

Putele]

TN

IROLo

b

%

P S
s

m
-3

wraeoer

~
an

o

RO 1

not,

2

the

\
o/

Novr,

5 Rou..l.,\}{lf(,._..‘lAJAL\rJ .J._(,

rtieulur

5
¥




Pkt I S

~r S S N -, ~T . . .
2.) The short table indicased by SO conloiic The oyl lunls

e Y.

AT . N N L L Wan e ey e . S e B
wvnich are of incorest oo Uy wmwsh o ol

e,
RN Wt e s
- k]

Egv ) E R o LV P A ! - P e e SR N 3 - -
it staloneatn S L L L0 D vy ot oans
. TN AN
e R, RN
A R TS A - n P
R DU SRR CoLLLLy G endmery
\
jony generated
N Aer 2 2 ) - - = R =~ N e S
Tor necro deriratlons, the tisy drom.icnt and soaeratod

o e e ae e b mesn
moy bo CAlferc.t for each macro; thin U

altor.ole aenory

S T e [ RNPSRR S  S e L.
led go hat the Tiret chuoo

3.) L2A3 1z modif

becauce 1t Im, of cource, chorzed

e e oty

LRV v Rl

U T 2 KRN I e ~ Pl K Lo . -7
symbols in the above tibles coause (ispalches to swmoecial

pleces ol coda:

' - iy o -
T atatoments rosent otobomnents

'LJn

w L . o AR,

E C

. ol o & on K - I
Excent for "d" ard " the diswateh is t

™ -v,—x

s 2 . o f e 5 EP T Ry At oyt g
vhich colles CIOE (4if YUCDE Iz »ishit) anc

) e, e
a the Suble

e

suceessful, a branch Iz modoe to a wlece

by the table. For

o SERCL in PACKIT

Habeande

of code indicuted

not imberrogated,

but instead a cheel iz made to sce i the wroeoding

Ty

character wag alnharnuvmeric. If not, CXT
The nmechanisms Cescribed ghove ore degimed ¢
snable a geanning algorithe Tl..t looks at one chara
to look occasionally at a wider uaiverse, nanely
there are lesser tacks bto be considered:
"{($" is comverted to a spccicl character
is removed {after chancinz ATTAN Lo

blenizs are compressc.o.

e Piret two toasks mentlioned ahove e rolhier S

Aty e T Y Bt B e PV .

acter at a time

cyrivol. However

)

~ - PO |
A R ST doend

can be easiliy followed in the L0 listliog, Tuao Zolw one how-

2.

ever reguires some comwment since the convenbions

ehoul blonks bet-

ween quotes and between parenthesés are a bit complex (see the

e’




NARP yelorence moanunl ), The oo

1y

ur not Lo maac by interrogating BRI, wh

structure:

N

clshon on whnki Lo coravess Wl

TNy o

) .o

. , . -
LCO DT Lo Lt

T e
ERSPIO PHITN $150

N e -y
O L2 3 o 10 o
I . JURo

-

sab:  sinzlo gquote bocolcan: 1 when betwoon olosio cuohos
dab:  couble quote boolean: 1 when bobvees ol Lle rrobes

cnt:  marcatheses court: >

T -'_\~~{ kY

N
wlooWaans L

" Y ek YAl e, <y T
thal GNLC compresses blauks.

.
O meang Lo uwaea

IR o
S G

. ~

See T ol Eae b &
ig lovel of nesting,

> Al
O N d PR o CNEAT LT, A
zeve (novinal state ) then SOZ125 chovld vo

1
o
o

RN
Ca s

2ows, value

200 WL

e




N
i

—

=

Fher mivms ~
p Ty TR

L5 Maeyas TRIOT0 D SNIM, macen colla)

Ihe dirceblive MATRO 3ipgnels the beorlinning o o wacro ¢of-
inition. e syubol Jo the Label {leld fo ashbored iz Lhe main

- P o N LT - R . iy o - Aoy L, N
tuble as an onenda, lts vilue bedng the ad~oss o7 0 rmacro

o By N =] h A - o s e . e
strine storccre. T0 o oy cysbol ond o seocy LD,
i . o] in one tonh? wiroer ol oo LY, e T BT
GOy L anonee tante MUV Qo sl s Lhen 20000 o

cotled Ao nack away Lhe macro body on oo arnd Lo fnd the closins

. v PR BN -~ ey oy e " da . L P
w Tormat, o s moero al rhored nona.

FEDM,  “ee Moure (-0 Tor L

Lne intereniive ool ol racro nrodnLiing 1o nocy s ovmnns) ..

T . - E AP TR - = Ty e - -\ - c e T Y
Woaen a necco in colled, the arpuacnts Tor the o]l ol o Whorcd In

N 4 - ~ X 4 .

~7 & -, 2o oy . o P -~ PR v g Lo PO
sg alowy with nointers to thom, the rwiher of armieonts, Lolord-
t ” . i’
-y o - et oy 0T - 1 s - Lo e o P e T~ Y oee e
tion aboul gonorated symbols, ard a po’ oy o Lo wneloLlne

‘l ~ r ~
macro call Vil there i one ). Sce firurns 6-3 wnd O-b,  Ln Tos

N P S I A ‘- o T A KN D B -l o e
repeat bodles, the wruments are fivst sthos 4 fact o ™or e Lot
.o \ 2 BY e P M iy b ~ T PR TN agn e r e
macro Hody in ss, and afler They have W12 Loeon read 1o wre woved
Al ¥ Y4 7

to the bovtom of c= (13 Shor ordor addressen ;. Tae rvoutine for
reading erpurents from the source end ghorliss them in so is
SSWSE. It reads one charvacter ab o bime and swiltches on JL4AR
{woing a dirferent part of o DIAB word than PACKIT). The lopic
ol SONDY L rather simnle, 1ts malin task 1o to Tind an arsument

e
3 a S TATY S ool
termiravos; scoe the NARP listinge,

Y

o

Onen the wrrumente have been coilected, 1

]

pointer ig stucked and thea altercd to polint Lo the first char-

o
&)
2
&
=
5
v}
|2
©

aclter of The macro body. A Jump to CLO is then mo
off wvrocessing o macro, During this vrocessing the dircctives
NARG and WCHR mov appear. These are hesdled quite sirmply:
WARG: The word ARGACC always points to the current macro
call (it is ¢ 1f NARD? iz not expanding & macro), wnere the
wrber of arguments is stored,
NCIR: The routine SSNSES is called, since an onerand for
NACR looks exactly like a macro croument. Nooo thot this
dircetive can also apnear ouwbside macros,
Of more interost cxre the gspeelal characters ool moy be encouatere
during macro cxnunsions; thev arc of coursce ctored by PACKIT

during mocro aclinilion:

P

-

P




P

Pioure

h-12

-

Ome? o g

Pormed, orf o stored maoreo body

X

i T e T T U

|

Y |

|
|
|
|
|
|
5

- bt S T, 2 .
Laco Qaorhrg St
g e mlas v e o
LalT cparaeeer oF

it Lg

alwnyz nrocedo

(Nete: The

.
clomants

-

sarbape colleetor which currently does

A,

L e S
the string ig
q

d by a carriage return ov o«

B T e e ST V)

Y

BTN hrar\ 4w
AR SR

Pl

- macro head

¢ K addrevs of fourth word of o main
? .- - . N hd
, s Snwdae entry Tor a maceo opecde.

p

comrt of words used by macro heoad

.
)

T

LACTO vl

N

St e
)
N

,
i Ve 1 buse o7 g seneod wyanals {Lalticl
wrnacry Lody s e o
{f e VIWNC WD o
\ P
<L - P e A P
} D Lnerement U0 s Lo 7
| s O - moero is wotive:; 1 - mucero is

R P
vt N

Lhe macre wods.  The

. N e e R A B S A LI
v SN LwWL cnumne Churacler (valuo zZ02B )

the o s

al A
T e A A ey e ey e
C APROAVISS AR O

ST -COl G,

oA, and Uin the moco he
l\f'(a {

exist.

-1
-4

ioure =30 Formad o

SLoerll of a mocro with no dummy arvsument

compatitle with a call of a macro with

- CAYSE AN

< ARCACC
< D

~ ...}»\J Ld P

P

niece of information that actually necds to be stved 1a This case
3ACCS however, two dumny words are introduced so thri the format is
2

s Y - 7 \
e Cummy argument cee fagurce 6-UY,




e e A =

B
;
t
avpanents !
§
i
i
4 o 3
A RS '
—
S o n 5
e .
A4
- ﬂ/ 2 AP A To

.

5TaeX

e w\ 1 .
2 Qo araan

\h

s
n extra pointer {pne nl)
nore argument.

v ey N Fir, ® 7 ¢ B

saved arrocc Pnaes g Lhe
) PV BN T T

COLU")_‘J,' uk‘(.lnj TILS WAIue Wil

n -

level wmacre ool i,

oomax: This is dhe maxinum ve
may rave {1 < g max < 1023).

z ic the vas
thne \'“en&‘atcd syrvol G2
reproesenting the

e
)
/

S

oo Wi

s e

ig
»,miux pomw; at the omznia;g

To by a polnuces
woic of the

c:h would point

comt o*ﬁc S <

¢ Thic Lo The pwiber of arguments suppl

> value
W
value of g

man e ‘771/ .

.
f

Nl e

IR R R

R
[T S IR A
100K el Dl
LR B RYLTE
LOUS Al

(e

S #

Y

.,./)

n
Vo

'
Folnp om N,ptn

/.

IV
Ll

L

SO nelon

oo I BANTONEVNE NS
IS FRVA

O

N P P o
subscr oo, of

g the coue

ovehed "'y‘xuu
132 result in CGfx, where x

ST RO
. o,

fd bhack in ARTASC so the

ied by the macro call

it pal

- 5l
eratod

Tigur

i,

Ch

—_—
NP

o

o~
Ak‘)‘lA)

toone

} ot
S
e

rucler
that
G oo

NOOY

-

FAEN A
D).

gabol
e O-2,

>

PR S H
L LT

DS

’L(’) &

o0

N’

o

P

o/

./




s
W,

o
VRN -~ N .
FoL2Y moon el L o
W e, s N bd T . y .. ¥ [ \
YA tal . AN e ey . - - -
AU YOG - sy AR - . N
. AR . - feav e sen
DO L Ay T = DT L e,
“~ . ’i
o & WA e SRS [
SOULLILD ,, DN L et -
YT e ., Vol fm ctmevres AV y e ear et e p - y . - H
Waca one ol Lhe above Qhamnelons LY CO0u wen OO,y ol L3
[OOR EEN ey B T N N i
[FILR A A ~ Y . P ~ P PLv] . n e o . dud e vdaans .
T O Lae Al ) G .00 i
T -
DICH ey oL DEG
N OIS
DUN I — o0 DM
r \"'\Y"'\ /\rf'l [T . [ P
AT ooy LY
SN RS N PR LPA]
ORI A s SO0 L TG
v , -t Y T PR T S Y THN VI = - . e . FE P -~
The weriony of DI0 wnd GEN wre very oL e Lo 0000070 o
.
o

nrecs.on 1 evaluated ond then coovorn.d o

ke Ao o " .. ey ey EY s LYY LY B T o0 ameta Ty e f ]

ig stored in an array 1 THM2. Uhe vt solntor 13 sltasin

2 ST e - . B UL M SPRND PR S5 St o) U N . e TS

tacn aivireq Lo el Lmpult from Thil Galy. e pox,ine HHAD
4

" 33 goler: 1T uses one ur\'t"f\d e L aan P e Ay s ¢ )_1' )

L5 EVol T’f') Gy 1T USCsS Unl 8aNe arsace LSee TLoLres el 2l e &

o ey N ! - . ” ey Vo o e PR A TAT . e - -

co regvore ARGACC Lo its Tormer valuc, reschs UE5Y g0 lhe macro

- Y a3 o o~ R Y1
all wigappears ivow 38, and wnosvachs the L

the spocaal churocter v

)

must worry about all the

becausce it
arevnents {Lce thc NARD

e
Ve e ] PR ~ 2 et 2
flowenurt of 1he madn acti

OLL Zoos the

ference manaeld j. Sve Moure 6-5 for o

——  Of Z

Lrraeeily ‘

special

on of DUM: scotting DEEE to tue addrcess :

- e e -~ - S S PN P PR ECPIN SO A 5 S
o the vzt ehoractar of the crgomest or plece of crozament that

TN TANY YL

3 oans e Aed 8 n N
iz speeitied, and selbling DN o

oy e . o) 2
string speeified.

Onc fine ooint who wentic
)

1 NP T ey A g KR,
CIC EOCC Lol chasunLers L onoovntaey

special action bubt chould dinsly e

A NIMRO D

k) 1T
pol NAR

QT

EAUHS

Yhen the macro body znorcd, the

body will be convested to ., more

is expended; the repeut will be ane

7/

FRUR o e
Lo Loen_th of the cusroster

crne ot

C(J

1~ “ 77 e o N .
L oshouid nol cause a

3 N T e k4 -
nassed on.  lewe 1 on exasploe: ‘

ot o VET it An e e
stelrs B insido the rosowt
N T o e

o DU Nev, wihen Tac muero




wiil be slored in Lbhe votltom of zo. DaJjur

cncountered. I at this »oirt the rovline DOM i rcecuted (Lo

the exprossion "IV is evalueled) then the r
N {r-1, B)
T\ /\*r f\. XYFZ‘
WIIR

wsuming thed DL, - "XYLT. Obvicusiy whis

Cis edledly

7

To achicve the desired result

body and no erprossion evalultion Ly done.

epcat will o Suvordd as

. , o .

o e Ch i s o~
1o 00t walt 18 wensed.
R

e e Aot

Y Vrgle] AR VS R Vi T

(XA RN C et o e -
T den’slon ol unicther

- { . - Ty B T NP LI S ar S e LI -~ e Tal
to process - or simwly pass it on oo s oy we CRUNUD or LI035
LTy TN ey . P R et s e Ty - . R
as well as DUMIUY ) Is made Dy dnterrosating U2, Toowy oo
ey P " .
cne of the tollor.ng valuas:
- i e e st e o e T
b e NoTnkL i.¢ oy DOU S0OLLST LOyes N, 50 Mt CCeot =~ )
) ctorins o mocro
1 wite san T E 5y e mm e Tamn e S g e - - . ont
L SOOYIng a repdav oy LLAMNINT Lo LG WL L tuLoment

wo the toble

;,.h
"g

The decicion iz nmade accord

below:

cial .

WD
-

D.“ ‘:rk/u i C“" \“m“\: A '

RPN W ¢

2
5
>
‘.
o
[
15 -
l}/ :

ey t} iy (A‘

STOnC

4 - r & 7
L IRACEC Doy ‘ - !
1 1 1
¥
. 2 J )
storing & !! . ! . :
e g, L ELGOTC ;o LTore ‘ ctore
reEnelL wely | 1 !

. 1

1 2 {
skl sning

el de an S of
noLae an of

stoloment

1733

R K
suore SUore

b

pornal expand i nd exrand
| i
Consicdar the following slring Joorm some macso Hody:
oy f e
ADD ABCHTTR L &D{ T L)
. . < " P MY s R
Daring cxpuanslon wnca the «» replacing "007 Lu cncowssooed

- i 1t e - PR
expreasion "LIW1T will be evaluated. Thic

s




- TTTTTT
[ P
o~ e foee}
s N L <a
o - 5 5
S SR it [
RS o M b "
C “
f Om
55
A T 4
= ; Tt
3
Hu. S ”
5 !
P o '
o ) e
£
& oL s
~ ' tT N
.
0 PR M zm T
DR
2 > I
5 ~7 e Nt
s 4 e B
N o 3l N
i H PR - ”
2 S AR
[9) \
b i
4 ' .
12 ==
- < B R
H o P .o PN [, e o ey
. { ry A .
. ! 3 ol 4
n - o i 5 i3 o~
m @] T S I - SRR TN
: | o o _m
g £ | A T ) -
o 9] 3s s 4 R JN ms
L 7 Ly 3 N £ - o
H 1 R B 4 ~. N ™ ; PR ot -3
Ep R k » P - - .
-, 53 N 1T = ~
. ) i 4 = 7,
3 R - =, e
. . - - . \ 2
\p” 4 w 0w Y wu ok
ool o) 1 TN i
8 o L
: * —— Al SN
H 5 . [N S,
5 e o ORI ]
< e ” T
" |
[ P
<.y ¢

.-,-\\
A
HESAAN

“)
r\u\ xlN
o /R
it
a3
2 o v e -
s ~~
i ~~
[ [N
N B
o, NS e —
W,\ RGNS . P
L R o R 0BG
! o e o & .m —
I SO |
< N 2 a5
[ ENNOY [P
1] — o ®
~ pring A 1 42
- T R v
— e e [ £

R

n

SvITS




Flowehort Tor dalicibing un ovowpens

Miure O-9: DUM:

{cont”

dj

N
, — — — et - —— — «—}L’
d e
. ' -
i /’\ £ ! \
Lo dhsd DBUE {Lstene)

<
i
_

i

' + .
H N
| T Pslen TN ! N
oy, LU o . R RENAILY
. } crror 'S8') A Blgpeie SN Wl
: t - et \
; g
. R
A
— e
! //F\\\ L rstehrsauo . Jovore o
BICTRO N3 3 mo alamn o cpn o D7 e ’-
g el L /1 R 2 45 S [ N SR VE ST R
L
| ¢
! ;
i
i
y

oo o,
S e
. D)
L

>

~

R
o]
.
jw
~
e
L
[OIRN]
>
-
~.

[
e
~
o
o
]
) e
-
v\ 02 ‘V,
\ 2

ool " N e e N
R R TR A A VST O W AR AV el el

RS, _ o f - ] kS
tstehi=min{ stehr,Jastee)

+

fdp‘te:war@scc{fbturgA
! + Tobchr; |
‘dunle:=Llstchy - g
5 Tsbehr + 1 |
!

C-217

NULSTG: o change

of input source.

SWIARCG: Switch
input source to
an argument.




N N bOTRYTTD T . . PRI Y .- . oL
CAG and BRPRL However, ol 2l monent » Ls encounterow, GILn is

13 e n Ty § A P Ut Y e PR ~ - K AR AL SN TN
Pusy <elinmiting o symbol (o flrvet ~asl o™ veden L TREYY ) emo TR

1o bum Tuad S g e ent e ey b e R B Pab Se YA

is sy evaiueling aan wexprensron {Lhe FRFUVENAN ich ig TARC
TR AL L S TN IRV ~ - 5 “ - - f .
DIET YL Thes G wnd TN SU0L 00 TuChonive s dbe o e, a
Uy« Vet e I k! - T . LT . N s . A B
churacter stach in N1 and the oplriidl and onevarar LoLi o Lo

LA Jdoriry recurelion, wuv LU the workiom oo
these »out e, s woll oo tholr relurn WCdrenoon wo2ss W0 soaved
samewnoec. Th 0l Wil Love DUl
GO, op DIC is g R
Lhat must e nresc S

4y
~ N "t 3 P S RPN
wad ) oo placed on Ve wiie by

CNT st be coneic

[ PROR T . L D > ~vy o L Ve AN R s e e
woorn exyt Teon these reouninas CRAS (20eo Lo MISC, tokog Lo loee
wnmd 3 e O g, Y . T4 e [ T s
nat 1o ol the pile wnd places B 1o Vo wmreor? e eells,  Jois

. . AT e s i ~ el mem i R O R Rl TR, N, ~
scheme also cmables coastrucys [ Lo uiu;u‘u\ﬁg, LG Lo procenos d,

since DU, GUN, wund DTG ors roourcive,

The reader should note thes sty oglored
vith o ro ¢all so that muoro ol ¢ Tl otac
honcled quite naturally. She Moy To this Is the savios 7

o= -

kel 2 e N . . P e T TV L - . % e RN S PO
ARCALC with the macro calls; thug v..cn one coll o finichod,

hnTa AT BN .y 34 P RN - iy P e iy - PR SZR - -y
FRGICTS i3 restored to itz value belora tne coll  which may roon

, 4 2 o E - S - . - - PN an R RPN
that it »ointe Lo a kizher dovel cill. Tals vown gohese lso
ey A7 . L e G ao e P R A e A an wota oy el D o e
NALLCS TSOUPrsLWe macro caolg, witn SoB0 Uely O LITmwi mooninaerv
I3 X . N A S s oS e . e g .
afdded. The rceader smodld trv o fow exammles; as arn cxercisc hond-

s

asseable the foilewisy mroaram, cohserving how gs chonoes

A MACRO D
e D{1)=18T0p! .
DATA D{2) |
ELSE

]

DATA n(2)
A TSTOPY , ALVHA
TNDR :

T v

Wl

WDV
L TGO BECA

D




nm, oy
The pgenerated code

el

DATA
DA

DATIA

-




|

[ -

| 2 - Tou 2 8 % 2 b o AT i - “ \ Y
) 7.0 Toiholizing ., o e R N R i

Albor Lhe VS, OO LT L Lo L, Lo
loaded by 0T, cove Jooks 1ihe
o 2

, i . ~
“,”L}Y\: ('\D Y L L
urnagse 4 .
. -
. o
, - . . N
Lom R S e Y L e e e
&nd Annciddlized (SN N

n -t - B
Fedlseonly Lac

A ae PN vy Y . N NP “ P Al e AR
AL thdls wolne, none o Lhae Lre=Zorin.d oroolon D, AT st ) ens .

1 e T vy, - Y -, e P 5 . o T o I e e NS e AT - ]
In vne muin toble, cheest Tor OFD Ly order to ooz these ancodne,
v RN - Y e EAR - - - - ~ r ~ - .
NART s.0ald be shexdod ab LSel L. T, Tl LU= R or ,),

o cm T . S, " B R R T W S S, v oA N B e C e e, aage - Ay Y
] and 2 szecial orogras contalning doialtioas of &l cho ore-wlfined

OpCodl s

i 3 N e i ot T B
ined gymoolis sho.d be oo

P

[V O

Of this cscopdiy, block O wil conroin il the
SOOTEE could handle puhe whiich ¢nag
resc-arite Dlohs ord welly ol vesd-only hloc:
all oo um Tor creatliip tho ovoesyshen JANB.
only nandles read-only Dlocke, It s nocesgae:

- Y

o bloek N hetore

S a
BS)

done

~zalbion program, so core Looks

image IX

. R LI CIT 4
avbonnl leally

=

i M- AP A e ey v
panciiy NART on thoe drunm

o - - . a (L I N “ P
at vhe oend o) the asoe
¥ e
e dSI2

PR PN
[

[

/

/;:;ij::::j::::://///
!
}/ A //va/ :

-

¢ e

3
}

A

[OaY

3
L]
H
H

-3
e

ORI G FAVIY
I
(PR ARV S TS T
i e -
e -
s GGETL ULYT
~ s TP
S, ¢ 2 WOw
OAIGEY L, 300
A -
oG onove vlc

sub=srshon

o the in
Loy hloel

o

LN

ST

ol LD

v

v

T
S

ot

ke AL e L™

W

COMLEaLN

IVLOLSG.

JEPE IV
P
P G

-
3




LT R T . I .
This Lo the core druse Lhalt rocs on e aran o

system; of course all four hlocks

.
Now, when @ user cells MBI co-o Zow

B
m)\/ ——

s WA S Gabead o0 oL o .. . .

mEMOry, 4D winl L0 LolMiCa S L) T LT
1 [N T~ SR poo-~ .- T P s Yo aw L -7
bloek . This code moves blodk - Do owo Lo
5o hloce: A2 e T r,u:‘,\) VAl T mam T e e T o
N (PRRC ISR T T TS ST U G NVIG I SV SRV SRG ) S AR ¢ Mo (NS

bloek 4 is throwm away. Now coso looks it i

wredefiniiions

excent whaot block é conihalng

v 5 e .

source Silo o aro pow be o agoeonlod.

s ~
M - 'Y\Z ;Y y b
Lo NP g
N
H 2 WP PR
S SO AT ANl
e e e A
e REVG VDI SR ¢4
.t N D
v - Y N,
/./ Ver e ey e _,.O\J:'_
- a LA o.
- “ -, N
T o LS L0

z
aze T doove,

L) RN
“ he coecilod

DTy m ey - o I TR N VS s AR TS A P EA RO
OO Drosl.o.uns ol wLeeotve LDV Do Lovlontlly tiod In
L o
“7"1"‘."‘1 YT A 0T T ey ey s "{ R R R o e T ¢
VLD LWV e LT O L vt R AN AR SRR N ST VRUN O 3¢ SO WAL G AN 11
BT e RIS | P | . PR I AT R o, R RS AN A
should ond with o co Lhav whon oS0 Lo csoteld 4 alwar

5 . T s

o NPT S I R S 1 .y 3 4 3
agswics Lot 41U Lo enlered ab the CCLIEIDND ol

PP

P - "~ - 2 ey
LCTCIIY LULWSen

Former nust aove Wi, ok b

o

" % 3 e e P
o vlock ;(5/ T RS I S
T

informcbicn that must be swved To implement

initialized temps (which mey choange TULrLTS OndG

KR o R P T AT SN S g FULIE DU}
cherciore be yestored Defove Lio AGK LoLouoly
e - oy e - v iy g e ) a4 W e
che modin Tteble and string storape., The oot o

- ey g oy o
18 saved Just oace oo WA .

soved cve SOl A, RO o wmicecs o
- aat & I N .o .y oy
rostored G ced ov oL

before the

Lt e T

has been used, and TIEILE has ocourred Wb tho cad

pL S ~ e <+ P - “ da
Ploares -1 ond T-2 chould gllo cncosh detad

-
e

g
O
(]
o
1]
/s
[¢]
n
e
O]
v
0
b F
I
j&)
(o
[}
o
(g
6]
3
3
3
)
=

o Oopenlin loz

obscurc, bat Lho iéea behind it is to Lisgt col

they were given. Thuo, & user con tyne ia the

walk wray from Liis teletywme while the {ilec are

s g I N PRV S ~ Y e ES -
teixe time 1T Lo tomc saant e moved, aco the o
.

The file op2rivy code will have

v

or CONITIN entry of NARP 1z uned

b - o
Coune only Al

N

- "\n‘? S Ny Mt D TR S o P -
he STEART ewnlry and oro S0 e s Dy o theo, she

TV

[ PPy
S OONVED Lt L

TRANY e

Tomazle oo values of

3
2
3

PRI
R Y A

Lece of indormaltion
2 decoad miece s
Tlamle o Uian e
& fme s
Gy the 007 oncwy
T the initiclization

o~

o eboul the

sic mey scem a bit
lect the names of
ern. wrerr in the order

Far] ~ 43
1L,WE names ang

T

ogencd (uwoich can

morntadyy e g

3 ]

asonewhit to lrmle-

HGAS S ST

ment ..o descrintlion of how to stort XMMP wrn given in the roflerence

manual.,

Seo seebicn O fur gsowe commnals oo hos he
gcheme will have to be changed to accomnodute pre-defined mol s,

o~




YL . - Y o . Ya .l Y L .~ . K . . - 3 -
T e " LY Lt e oy e e T LR e, T LR
| o .

i
§ e e e s . o e 54

/ LrUds NI -1

- D W -

. . - - P a &

, sove faitlial ved | /ﬂ\ i move olocu b
; bopns Ty T | N ey T
e ) N IS 198 TS B L I LY ) i \/ ; (O ORE NG A /f)

. DR o ol
/""‘\ ‘::“T.ﬂ"') PR VIR R S RPN !
S, N
i \ “ -, e g ‘
k \ LR . SR e !
I [O A W A N S I VIS VI L

for by - Sl

DOLANCIL L0700 weXd ~ T

SETR TR I

e Py
saved oy WRINLE)

this codc ! :

. =\ o Y
locoiea ot / \ { :
{ 3
- - e ! '
Vesimaag, of Ovariy . ‘
\ pCoen TLLlE
MISC ~ : ’ |

~ e T T Lo o PRI
CLoGD, > GLOEMNLIC Lhe Anpul

|
- ?
_/ Coeram, Jumoing oo
b [JZ',',LN;V"I‘ WNCo
-~ N { -, - .
VRN B0 B e s Te ¥ LVP
apmedrs s L7 v abZe

LOCUNE LAsTL Lave t

ch
ot
[ et
e
o
oy}
&=
folls
fSat]
3
s
&
T
&

no

RS TR
IO T ke

move block 9

to block b

foutwet litoesdlss

\\I\tjjm’i .
! B

)

1

r

|




v
o
. (0
v
N e
M ST AT o “, T N S . e te . . Lo h
Yy - rea : . Tiv =y ~ [ sy Sy ¢
. irvpee V=D Al AP A B SnE L shemhiee ong conhorain ST .

INTL: woTe YT ean 0T Lo Ll "

4
~ N . ) A - g L.
L V1O T¢I V7 S PUTRUI P10 & S U A U o . Y [
» AP T oy S R L N R
Imveli dee Lho vooer Lound ot U pllo o 0 LTl 0 e
- -\
| 3 MR i - P . . EEP ~ s
| B Dowewen 001,00 save Ll SO Ve e B S0 W a e,
- U A O R L . Vi T S e I
SO RN TR L Gl L5 =L
QU A 5 LN S e 3 .
START: aove wled 4 to block P
won I ~ 3 i,
et ~id of block 4
RVt 8 ey - N L ot B S P . P N
Cow . Al G G R AN ST R 1o TV 70O N I T S S A e
“ SRR

Voew IO LSl D DOLRTIVCINY LG WRETE Las w0 oLl

) T I R d e AT
COLT Wl WTed arel Lo Loy

N
R , 8 2 . . ‘
FRPAEN . ERRIC NN RCHE
DenL o Doan 53,.(‘) BLCOLL, WO A L YLt
R o . - RN
e e Ye mTe T ~ e n an o s ~ N N
(RSP PR SR VRS N 584 [E e VG )”,‘ “ . [NUORETS A

T zmmo, as well &s ro.ovins o S0 Lol

) - . N . . .

" B I A I P L T T T U

e Macesined s ValOLd L &L IGaRiln oLl
e
PR I H

covo CELDTS

fne e e e
FRInLD: oove teble polanters Io VOANEDL ool
> N\ o
roho G002

<w) END; I N2 2 0 e sobo HRVIEND; N
choeek FRNCHS taod 4P to see i insvislization WO UL WO SUSY
et rid of «wll blocks between biock 9 and R wend-caly woock:
close arl Tiles;
tyoe Minit complete”;
meve block $ to block
brs 10;

1=

v es e

NR:ZND output literals

The Tollowing macros arce uged by the obove rouvrinen:

saving and reshboring Inikializ
TTICIE ¢ moves the ialt

_f‘

i d tomps deTined by the macro TI.
TTVOVE « moves the initl a

[65.\4

alized vwords that o not 1le in &
coatizuonws block but are sprecnd throuznout the working croa,
seviny and restoring table polnters:
ROWVE ¢+ moves iawtial refercnee tooles, MI7, S8P, and WOL-UDL.




T

A - o - - R N e - - ] ‘ o S e -
Jollowing oo O rLooeelhs e DTH LT L LU D o
v e o
oo O .
‘e
. noo N o IR - P P .
- SO L Tl RO e anll Lo o ow - (SN
- - e X - - o
L e TG AN B ’ oy A A N . . o
o SUTLD ST MOOLIC LA QG NLSSe L N R NN
SURTLTIE S LS RV e A U LIOM. WD D A WD, Owva ool
N AT Y % - .t " o ' h L -
WY o~ s O st e ‘ - - - «
NS Y] S5 OAGIENS T S VI SEGR AR GAT S NN kS SO GV VR 1

" I R T 8 aeneta Perve g a
LRCH GSduwe 1T iz vhe Jioet craricbor

Y i Y L e I Y FXN s
eeltlve vnlon vvould Llilow thoe el to

waAr e - .
cood e So Ly e PO
IS . A/:\j [ N A I L T al

PR R T Sl e G 7R Sl T T e on ey
L0130 con VAl o with the e QJORDS D L T Wil e Come 5
O TN e A i N O L s
Shlallom ./ WIOLCD DOW Ll VIS A O DR SR SR ) N G
- s e PR e Yt . - . . N
o L ~ R N Com s .
Zradi.aelt Ul SOSLCE TGO SULY LA PR O, VIS SIS

. o - N PP N -

an o oo o o ) F T - T SN ) T

this, a more oLloruee wensare stolld e wriat LS Lt

i B
»

« i - - R - Py . - A e
SO VO rorvadmIir knows whod Loible LU oo

Tre LIt L otze gyrmbol todle Lo deginrate thoh a syiuol

& em B S B P P PO | oy oot Ty e . % oy ) b
is gencrated ls suwnarfliuovs: the forgoet it can be used. Alsc,
" . -y o e s . PRI A b oy e sy
wrogwte GNBCOL ond set the geacreted {or forzet
I r
PR TR SN TN AT I T P ]
cosdingly . aﬁl@ﬂu now G 5 200 L will net be norlied

) s
[SAS TRV NN N

R <
IO O el

vack & coeriase return in oso

1 dire
to 2, 3, .
6.)

undefiacd

in the und

cvery QCCu

the cxpres

Perhaps X

“ 2

Looenpey asero body o romsal Dody

TeT- . el - Gty RYIC I oy e o
ihis Lo becouse the poutine BNS2 aolwy. wcoeels Lo

v
.

PCEVIVAI4L § W @ AR SE AT joit]

the input pointer -
of o nmacro wody or raopuat body,
Throw out the directives DEC end 020 zad make a more
ective RADIX which allows the nusber »adix to be set
eey 10,
IXPR sphould reccegninze =x, whcre x is o ginple

symbol , as a epceial cage

v

SR o2 S 2
sstead of Just Lhickine it

clincd expression table., The roosen for this is That
rrance of  -x, woere x 1lg externel, will bo ctuek in

~ BN e}
cion table.




A
~ N ~ TATY v - 5 :
{.)  oCuuse 2 Adooanty TR !
i s
o 5 T oo | TR PRI o PR , . . Lde 2 e -
sy«bol ig usced ag a 2U-hiv valoo and vhen itoiw owoew Ll oo o S
- P v e “h B P N T m Tt
value, all fix-uns of uadotlocd oholos aund bl s o e Ly
2t T ata s L e St e N P [P -
DL, I the vroorosser writos soactol e tha Dollosino, o
5 PR 34 PN W e
will st into Ttrowdlc:
. YIS e e . Y o K o
coovor MOT Mmool
B L o o .,,(u/,_,,-»,
./).k ..Jn-ll P (,\J/ &J' i l “.4..)
AT X Mo { 77"177'8 ‘
- Tl s Lol Lar )
}. 2 ‘,\f J“"/.){;]/r“
0T
LD
i, SRR PR I - . " R PR T AT SN I T PR RSO s
Tre woovtle, ol courea, 1o thanh the lolonouy LI Lic, of FUS U

cat oo Tl o)
O Al e .—-A.\\.-\A.l/ s L,

v

20 worddl e .

s
2 5 T o o

[ PR

- SRR o e
p FeLsL — LGAITLNE

o0 0 R A Y SR ST ey P, Yoo R ANPN e
&,)v / -2 LVCU—(..UA'\ [C A VSSTVERNG GV VIR 6 1 OR U & R0 R TS = e W oSS
LN R R [ SR S S I , A T I P A [ .
LDE CLLllel B COLG O Oneonl) Lo LTS LNVE S L NS U Sl

N i & i ey e - e . - s T .
relocwsion actor, and Thul noT oaly o Vel LU
AR e ey & 3 o S gee e PO N N R T 2
omerents corrared 2, Dan Uho relon.lion foguors oo,
S ey e s T e s g S R ao P I
LIPS L= S ISP VR VT S R S Oe} [T ST TSNS SV .

s [N S

e’ - }:2;:} e

D0 Oy oL ther

4 - re. - < - o) -
will e legel ond will be whe zigb
\/'-7-.\ o e . . - oo K e o s v el “

LUT) is whsclilie or relocasdsaw, AU wrelony, L0 LY, ls
relocetabie then whe error reooor T e T - -
2LOCQTGU.LEe Tl Uit eyiror uailale . ERUI O A TCTVN F S0 0e
uite annayine,
A o~ -

- [ VLN A e e e [N - 2 e - 3 .
10,1 Thme Gl directive noa prov.iann Tor 2looving a nacro

to be defined while procescing an inlciol.osotlon wrorram. Talc

should be removed {(i.e., o bthat OPD com only define instiuctions
and directives) tLince macro names cre, of course, defined by MACRO,

¢

(he ostion exists only because of a momewt of fuzzy thinking on
the author's cvart.)
11.) When pre-deiincd macros are added to the initial.zation

rogrey, SARP will have to be choagad sli

asswed that there iz only one block of i gvwil, nomely
block . Since striag storome is I cnothsr bloek, oding woe-
dofined macros will creghe more thin oac block of initisalized

Ay D] Rl - ER 2 va wr vl e S e
moons NARP will need more thoon Lhe four blocks LU now

occunics on the drum. N




IS
. -

et an s
VIMIE

S
[FICRWa

Laotion.

~

[N, S N SR, . - O -
= 3 ‘ Fa. ((\ SN s - G, . s N . ' ﬂl e L i\: & 2
SARTa I Coeo ) ] o, S, e, VT
- b . o L. . -
R N . . S e .
- s N yoN f . ,
[OEANG NN DU U1 SR O PR AN A PV S TS - ‘
.. = LN - B - - e i . oL S i - .
SO - (R R VRN e B
"t VR - ot 1 - BN . s e
Joet e Do It e ooy Ly i e
e I R S B ™ /\-’*“ r\’,'T * e T
{ 2L . . Wl \ . .
ST - e o S0 MO e e S e e
¥ N e P T L.
L‘l(‘ R [ N ¥ IR TS LT, f N PR
- A ,.nr\.‘.) oy _— -
. X . , R R s P .
e L0 Lo meamard o e AT T
“ 3 e ey
: ARG+ o o a s
:m*:\: “,ﬁ‘x(/yvt
- C e S
. . N PR S
S,
GO T N A 5
m AV
b <\~‘... ‘-\,‘J,J \ pe YTy
PR
W l\z_’D
e an 3 - - g A e e I
LGN S T OIS RO CO MOl Lh uLl
. . - .
L PR - o N -
PACIC RGN ARG See PRV €3 5o & T T SR SN Ao O
P B S VUL I T SR I
[TV oWt O
iy " /! B L N B - - (AP
R A oo ol e Toe
1 U B R 7 ) . — o~ o “ v
SO DC SoCCU Laa0 2ol el N . o LR
Y ey T vt o e T T R T
vroe collect racro Bodlog, 0b womens v To,
R R N LT T Ao, oo e
N AN - - . L« Lh Ny o LT T IS
d ey e N o ERP, 5 R T T T U
S LS ANgue YOS FERITRAN G QY e 00T LU SO
» N
o n Ben - C oD e
of' o muerd Do J oL Sooncee o [ NN % TRV L &1 6 3¢
ey e iy
SLEGTIVELY Gl .

¥
~
wal 2

SIS

B

(l
[IVECI
Eray e N
AT A
U a0
. » .
O oa s
RN
ay -
Ty vl e
A B
- ey
Voaven e
[PESO LA
o . ~am -
ST O G
. 'r('l Y
. . do o
Lo

-
18]

,),,-.m'* e

PRE
JANNeC]

[

p




