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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 sre evaluated.
Of course, the general scheme sbove doesn't account for iLhe Y
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.

C
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2.0 Organization of NARP in Core

2.1 Core Maps

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

)

Og }
10004 |
100004 ) Working storage {corresnonds
(  to TEMP vaCKage), see¢ below
lhOOOo! g ( for details.
20000, J

N s / 0

300004 | / ///f'/

3&0008 / / ///

Read-only code {corresponds

to MISC,CENTRAL,DIRECT, and

MAC packages); see first page

of NARP listing for organization
of this part of core.

,_ﬁ\_wﬁ,/‘

(

See Figure 2-1 for the details of the first five blocks of core.

The arces in thesge blocks are discussed below:

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

ransmit 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 initialized 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
to the routines to handle the interrupts; they are not used

or altered by NARP al present.
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sllered subrouvtines: These are subroutines thet sre not pure

proccedures Luw whose inctructions arc altered poriodicelly (in
order to make the subroutines ag Tost as possivle). These
subroutines pack and uwnnuck characlers.

DTAB and MA \GT:  'These are two tobles used in processing mrcro

aedinitions. fthey are placed in read-write memory becuuse they

are altered.

These are the tmmoOvary working cells used by NARP;
each one is described in the NARP listing. 7They are called
"normzl" to distinguish them from “recursive” temps.

recursive temms: These are temporary working cells used by routines

aat ave called recursively (e.g., the exvression evaluatorx
WXPR).

recursive subroucine links: These are the cells where return

addresgses for subroutine calls are stored. The recursive
subroutines are distinguished because their return addresses
must be saved when the subroutines are called recursively.

norrie L snbroutine links: Same as recursive subroutine links but

for non-recursive subroutines.
frecze area: VWnen FREEZE is encountered, information about the
variows tables in NARP is stored Za this area.

table houmde:  Pointers and upper bounds for the varisble tables

by NARP (main table through pile) are stored here. See
NARP listing for format.

initial reference tahles: These are tahles used to meke mal

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

string storage: Macro bodies, macro arguments, and repest bodies
3 > J

are stored here.

exnression table: Undefined expreszions are stored here until

they vecome defined.

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

is switched from one source to another {e.g., from an input
file to & mocro).

character stack: Characters are stacked here during token

recognition.




operand steck: Operands are stacked here during expression

evaluation.

operator stack: Operators are stacked here during expression

evgluation.

pile: Recursive tomps and recursive suvbroutine links are stored

here when a recursive subroutine call occurs. This table has
no pre-sebt length but simply takes up all the core in the first
five blocks that is left over after the other tables and areas
are defined.

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

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

stored here.

2.2 NARP As A Pure Procedurc

WARP iz coded as a pure procedure (i.e., it is re-entrant)
so 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 some means of gebtting 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 WARP is started).

Subroutine liukapge is handled as in the following example:

SUB  ZRO RETURN ADDRESS SAVED HERE } in read-write memory
BRU  ESUB
ESUB < body of subroutine > 1

BRR  SUB J 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




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

package of NARP; it should be done as follown:

1. Insert ohe name SUB in elther the nacro ROTLG or the macro
SSTRG (Aepending on whether SUD will be called recurcively).

3

These two macros are the very first macros defined in th

T

DRF vackage.,

forget that the first instructzon of the subroutine is labelled

wSUB, not SUB.
3. At the end of the MAC package insert ESUR in the list of

external symbols.

2 Tnsert the code for the cubroubine in the ¥MaAC package. Don't
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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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Although BRMX TNPUT delivers the mext charuacter, Lhis io

seldom what is wanted., Thug, BIM C 18 uscd irstend becanso
CNTC (in CHNTRL) does some prenrocossing (Tike weediag oul

most characters ™ YYB) that is ucunlly necesgary no matier which
vart of NARP is askiug tor the nexl character. Currently the
only plsces whera BRM® INPUT is used are in GNLC and in 1CHAR

{in MISC). Due to later changes to GNLC (to make it handle 13HB

characters in two different woyvs depending on a flaz) it is now

nozsible to replace DBRWM* INPUT by BRM GNLC in the routine 1CIAR

o

{of coursz, other changes should be mad
lomical voint of vicw it would be wise to mnke thes

changes;>

3.2 Oubpur

Binary program produced by NARP is output in blocks (by
OUTB in MISC). Taoe house-kceping needed to orgenize the binary

...

program into blocks preceded by 3-bit codes is done by the

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

¢ Lo LCAAR 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 18 23 .,
. 5 [ ‘ |
A B i C l D
! - e L
E ¥ L s
VIR "
< !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:

Iy

<3< B /5 P ’/// ’//"’// ’ 1 CT)\
) R S . K S
Z'I/ /// //, ’ /// / // / S / ’ ’ ’ "’ «// g
Vo S DA Y |
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.

()

| AV

¢ RS Ao AN < T e o T <

e o r v hm e = e et i e . Bt o
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to the character string forming the symbol Lo yield an intueger

called She hesh code for the symbol. Thiv —nteser ‘s oeven and is )
PRSI s st q
in the range 10,62], and is el rence

table (see Fipure L-k). An

3

I
2
=
yoe

A lincar omvay ol pointers to the beoinnings nad eadd
chains in the main table. Thus, insutcad of havin, all csynbols
on one chain, they are distributed over 37 chadno, snd nll tre
symbols on a siven chain have Lhe same hath code.  'Thas, the

nunbor of symbols thot must be locked ab beflore discovering if

. 4 ' - . N ’
a given sywbol 1s in the tuble iz roduced from n to ton the

<

4y

n ] . . . a
averase ) 35 where n is the number of syzbols in the table

(this, of course, assurncs that the funetion Aistributes symbcols
evenly over the 32 possible hash codes). The lookup works as
follows:  (Input is & symbol and the address of the base of an

nitial relerence table.)

S

N Compute the hash code Tfor the symbol and add it to the base

(:J of the irnitisnl rofercnce boble given as input. Thuz, two
words sre accessed which delimit the chain on which the
symbol rusi 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 cymbol being locked up. (Wote: The symbol
Lo be looked wp is& slweys placed at the end of the main table
vefore calling the lookup routine). This essentially adds
one more element to the end of the chain, nemely the symbol
to be locked up.

3. Now stert at the firgt sysbol in the chain and follow the
chain looking for a gymbeol equal to the symbol being looked
up. It is puaranteed that such a symbol will be found
because it is alwvays the last symbol on the chain.

4. When the symbol bcing searched for is found, check if it is
the last syrmbol on the chain. If pot, the symbol being
looked up is in the teble and has been Tound. On the other
hend, if it ig the last symbol, then the symbol being looked

(J up is rot in the table.
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5. In case the looked up symbol is not found, it is usually

o the table. This is done siznly by chausing the

jol
jon}
[o3
e
O
o

K i

initial referonce table catry which points s the »wrevious

lest syubol on the chain so that it now pointc to the symbol
at the ond of the molin toble. Ia case the looked up symbol
15 nov Lo be added to the woin table then ne action necd be
token (this means, in other words, that the teble link of the
last symbol on & chaln may point anywnerc).

The lockup of an opcode vorks in precizely the game way exceept

that o diiferent initial reference table ls used. Liverale are

also looked up in this way, bubl the kach code is always zcro and

3

the initial reference table oaly contains one entry. (It would
be possible to speed up the litersl lockup by computing some sort

-

of hagh code on the basis of the magaitude of the literal.)

L.2 Token Recognition

The input to NARP is essentially a stream of characters that
must be analyzed to find which sequences of them form sywmbols,
which form numbers, ete. ZFor the purposes of {his description,

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

The logic used in GNE is disployed by means of a state table
in Figure 4-5., With this mechanism, a string of characters can
be analyzed by using an inleger 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 eatry common to the column and row
contains the new mode. This process is repeated until a non-
alphonumeric character is encountered, at which time the label
indicated by the rightmost column of the table and the current
mode is jumped to. Here is au example: (Note: Blanks have no
meaning in this examalc)

input st 1L 6 B 3 A %

mode: 2 1 1 1 0 -2 -3 symb




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.




e’

h.3 Txoressions
A NRP expresgsion is essentially a string of symbols and

constants connaceed by operators.  The mein routine Jor cvaluating
exprescions fo SXPR {Ln CRENTRL) which also checke their cyntax
and the comoatibility of the riactors of their torms.

An auxiliary routine, BXPRI, is culled by BALPR to get tre

]

ext syntactical element for FXPR. The Zlowchart in Figure 4.0

gives an ouvtline of The workings of MIPII.  Nole thoet EXPRI uses

cr

C

2]
[

a part of CTAD (sec ion .2 for Toruwt) to access another
table, cemoly OFMRD {zee Figure 4-7). Alihoush entries in

RD desceribe oncrstors and are uwsed by BAPR wien the cnesrations
are Lo be performed, one field in OFVRD (?IPRT tirse ) ia used by

AR by EL Lo . an y 32 do RN ) enam ol
DXTRE, bott to branch to  acticons within EXNPRT and

o be delivered
in the & registor to tell EXPR what kind of sypbactilcal element
wag delimited. IEXPRI elso puts infermetion in the opesrand stack

~>en 3

(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 case, the state toble is implemonted
by baving a two-dirensicnal array of words, indexed row-wise by
the current mode and column-~wise by the type of the syntactic
element (delivered to EXPR by EXPRI). The state table is a

t more complex than for token recognition szince each entry

o
bl

containg the address of a piece of code s well as noew mode;
ofter the mode is changed the plece of code is executed. Below
is & pseudo-ALGOL descrivption of the actions of the code pieces;
refer to the NARP listing for the state table and for further
details.

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

plus or minus Joa make wowoDd 4 wery operator insitead
o & binary one;

negate or blnary op. nt:bo: STACK; moto noxt;

symbol or constant 5C: incremens anp 30 the valuce delivered

by EXPRT ig ~ovw in the overand
stack; goto next;
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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.




ecanl sipn ! ag: ncke newep o Literal overator instead of a
’ retetlonal operator;
left varenthesds ! Ip: rerient ato and pubt newop in the operator .
‘\E\/ ‘ y ‘7‘1\,\' VI»AJ..LJ} '
W e . t PSR ey ey - & *
rigat parenthesis | rp: decroment aty twics to get rid of []
(1) § operator stack; roto next;
i
exit | ex: exit from EXPR;
[

Wl M alete P hetndll cComer a3 L 3 e
OT cource, the “exit from EXPRY covers a ot of dotoils, varticu-

Iazly about wndetined exorescions: this is &izcusced in the NARP

N

lieting in Seetion bl (See alse Figuenobors ) Laif) and h-17).

Tae subroutine STACK does the uctuzl evalualing, epplying
the cpervtors in the ovzrator vback to the oserands in the
o~ X

s2]

onerand siock Tae compatibility of rlactorsis a

[m!

2o checked by
this roucine. I an operator iz to be apnlied to an wadefined
velue, specinl acticns musl be tsken ag is discuzsed in Section
L.L. Sce the NARP listing for more comments on STACK. Figures
L-8 and 4-9 give details of the two stacks involwud; an entry
in the oporator stack lz precicely the s g that in OFWRD
(Figure 4-7) except that the TUPRT p¢ 12 always zero.

W]

The best woy o get an iden of how EXPR works is to try
a Tew exenvles by hard. Below is an example showing the changes
in the stacks as "A¥B¥[C4D]-3;" is evaluated (assume A=l, B=2,

C=3, D=h).

Operand Stack Operator Stack Corments

A

A +
:". a}.
w
ko
A i 'Y has oreater
3 Br® e 5 e P
hlierciehy toon does
Pt owo Do is stackad
A + “[' ig alwsys simply
3 3 stacked vionout come
i parioy lherarchios
A -
r LAY
r :
¢ t




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




L-17

Lh.h indline Undefined Quantitics (dnclndine 1itoenln)

There are essentinlly three different kivds of wndeiia.

jon

guantitics troated by NARP:

1. An cxpression consicting on ca syMbol walch is undefinzd.
This iz usunlly referred to as the wdelined symbol case.

2. An exmrescion consisting of more thon once symbol (i.e., a
symbol and an operator, several symbols and operators, ete.)
waich contains at least onz uvadefined syubol. This ig
called the wdelired expression case, alithough strictly

specking, 1. is also an undefined expression.

L.L.1 Unrdefined Svirbols

The symbol is placed in the main tablc (2l iv is not alresdy

there), marked as uwndefined. The "valus" of {he symbol is the

* . address of the instruction for which the symbol is an operand
N
! - -
<:/ (see Tigure 4-1). The second time the symbol is referred to, the

"value" is oubput with the current instruction, and then the

"ralue.

zddress of the current instruction is placed in the
s created with its head stored in the main table.

i
For exaumple, if U is uwndefined, one might have:

T Ao P IN L ety
Addreza Scurees Orroput

sk ALPHA “Wﬁ

540 ADD
S5Ep
740 Lﬁx Lﬁx 6p<
.at this point, the "value” of U in the main table
is 7¢p

LDA um%%-*]
3
ATD bﬁ@v~—~7

ON
RS
RS
on N e S o !
[dg]
[eni
ol

When the undefined symbol is finally defined, a special plece
of outwut is generated (labfix head) which tells DDT to follow
(;\ the chain beginning at "head," repleciug each link by the curreat

value of the location counter Tne erc of the chain occurs when




B.12

-y M. 4 " = e >4 B - N e e e T s | L) w

the link in an insbruction s coucl to the oddross of the ntiruc-

- P . P o Yt e o R N . .

tion. {Sowe oscerblers indicate Lhe end o a cuulc by @ zZ0Lo

T Yt R S vt o v e % S e e Y am e LA e e e . .

1ime, bub this ancans, however, that Lo celt. Lo s undalined 5,

b T - a0 e 3 - B S o - v\ emmaes - L T M P R 4
svebol dn the st dnstruction of o prosres wall not bo btreoated
: e
R

R . N Ry, e o8 o c oo . PR " . 2 - _y
corvectly.; To coatirue wilh the chove examiie, I U DATA -1

- o
appcare ot location %D, then
- '
lablix 7¢0

ie oubput. DDV troces down the choin, revlacing the lilo b

the currenl location cownter, C0H. The progrrm then looks lixe

L LDA &/
S ALD i
&40 SUB 8¢
wp X 8B

860 -1
Tt 1 elear from the fore-going that TARP docs not hewmdle forward
veforences commietely by itself, but in o sense ucilizes the loader
a8 & sort of second pass. This scheme works becausce the address

part of LYo instruchbion with the undefined symbol can be used

t0 hold information for the looder, nnmely a link.

L.4.2 OUndefined Exprascions

i

Hewever, if the ooverand for an instruction is undefined and.

.g., =U, U+l) then there

f\

of more bhun o ginnle symbol

is not eacugh room in the instruction to hold oll the informatlon,
esvecially cince the wndefined expression may be very long and
pay contzin many undefincd symbols., To solve thic problen,

wadefinod expressions erce stored in a table in core (called the

6]

expression table or etab, polnted to by ETP). When all the
symbols in a given gtored expresuicn vecome defined, the expression
evalvated and oubtput to DOT. One othor coxplicstion enters,

is
nowever, nemely that There 1o nobt enouzh room in the malp table

entry for both the head of an uadelined chain and o pointer to

. - . - . on . .
the exmression table. Thus, a bit in the value" word is set




k19

e that this word moints to the expressicon 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

“

utpuh to DDT.  The only differonce is internal to NARDY, aonmely

thet the head of the chain moy not be ia the main tzble 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 toble.

.

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 cexpression wheve the symbol appeers, 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.




.

)
N

wipnve =100 Foranh of Saved Txnross lons

Bits Db2-vl indlcat

The shaded areas

the type of the word st

are ZErocs.

AT o I o= o) kAT N = DY
R 4 L7 5 8 < Aot Ll R o't 19 20 273
Opcrator: - T ( 9( : :
i . s i - ! [ ! éx,
Nl 4T S d 5 0 F

See OPWRD table format, Pigurc 4-7.

{ T W -
Delized value: o i/ AR
W N R

riacoor

valus

AN
L

: ~ PP
Undefined 1P 2 //i/////
G 7 i\/} xk// //i

syrbol: *
Gr'f9)7”‘: Soune a
’ necess
oceurr

in FPigure h-1 oycegu Jh007 s no%

s 0,2,
arily ABCDET, and " does
ence of the svmbol in the etab.

23

—-

1 symbol in the wmain table.

23

H
End-expres- §5~

loc cent

:
sion: o

3
I

HSE3 ;
Lod 2%, 1 me

udef cnt: ouabor

loc cnt: addiruus

& v If X repisver
makes I polac
{thus the wor
in the etsb ¢

o

the valve of the expresgion should be computed

ans mod 22‘

loc cnt is meaninzless {$), 1 means it has mesninz.

o' undefined symuols in
of vhe nstruct

Lhe exynraessicn.

foa an which the eIress sicn sppanred.

conl.oin: e adaress of Lhiwe worg) Lhen BAKY ¢,2
Lo the Turoy word o Loe oxosoodion i the chob
4 § contairs I+ the nepative of Lhe mumber of words

ntry, with »0-b2 and b3-b9 zeroed out).




Vacont aren:

O

T

Tyrmreasions

2L

23

wnmbe% of words in thre ctab entry; alter wn exnreorlon in
the elab bhecones achnuu and is tmws evaluated cad cutput,
the first word of the entry iz ronlaced by the above word
to aid in parbroe colle ct ng (wce deccion 8); the above

word is in cell /4, then(’+<{ is the address of the firs%

worcé of the next expression in the etaon.

O

s

/




«

T
2. Wnen tbe

contents (the head

"1abfix head" ag described above

end of the expression tu

L.zp

wle chain 18 rcached, its
of an vadefircd chruin) are used to outvut

Troun —\'l_n
Addoss Sovree Outans
{ 5 AR
L LhA U - LDA L)
‘; e
R e . -
5§D OB =V LDB 50

a.
S
(%
z
-
jer]
o=
)
e e e
Y %

Now =f U is defined,

foliowing is outpubt:

GG

7
o - e A
X ,sz‘- oy

|
fix 1 708
lebfix 8¢

After DOT
i LDA

5¢p 103
€% SUB
769 DX

B ADD

98P

- eyt ot
IOE Teu ¢

say by U DATA -3 at location

(po
(va

oyl s ) .
LRCOION e

ihel

Main
Addrecs Table
r i 1
[ o T 1
- I ¥ v ]
l.,.- LA {w i v, ///
N i SS ,,,i
- 1--—».—,—,6—4,.‘-4««- -~ e
I TG ISR
o
i 1

oo

//?/ F//// :

g% then the

factor )

;2

cn

o

ocation; value of -U)

snbs to location where -U appeared)
lue of U+18)

{(voints to locetion where U+l8 appeared)

(points to

(contents

start of undefined chain)
of word lmbelled U)

#:niched processing the Jiove, the re uhlt in core is

o




L. ,3 Titerels

8 v iy e oy | TV . o e P sy P 3
The literal operator '=' tukes o velue oo lio ouerand and
A YOI e TR ) sl e o b ‘t‘rw" 2 v“", 19 Ny g I P R T LT Ly
produce:. vie addrens or this velue. Since Literals rro oucpus
.. i - ~ oy - -~ 3 LT i IR s
at the end of the vrogrom being asse.sied, the addrezs o7 e

Iitera in wilrown watil the end of thr wrosran, so thui relorences
to literals are logically the zame as rofercnces to wndefined

cymbols., There are 1wo cacgcs:

1. "o ewvresaions followiag nho

In this case, the action of the literul onerator (in YT P)

t

ook un the Literal in the woin bable (L Ading it vo

whig teblo 1f it i not already there) cod return the Fourth

wora of the melir Suble entey as the value., Thic word o
Lmost the came wg the fourth word of sn entry for ca wadeined
symbol, L.e., 1t is the head of a chain ol referon

wleeral.  Tac only exception 1s that @ is always P because
this word nowver wolnts to the expression toble.

2. "he euprersion following the literal operator is uwndefiqed:

we litersl dio pluced in the exvression table

Sust as axny obther vnde?ined suprestion. When all thoe syrbols
it 1s evelusted and processed
in Bocvica blkl2.

- P i~ L
yadh soove Lo . oan

When the IWD directive ig encountored, the Literal

s}
[y
=
i
23
(o]

main teble are oubtput one by one, eunch preceded by o labfix zo
that DDT will fix wp all the references to thege litersls. After
this the c:pression table is scanmed. ALL expressiov: in this
table excent those cof the form =oymbel cause error wesssges
becoise they ore expressions involving exsernzl symbols. (If DDT

is every changad so that it can handle exmressions irn Polish

Torm, then these exprezsions will all be output to DDT.) Expressions

N
of the form =symbol are external literals; they are handled by
outputting
lobfix 2ddress of fratruction referring to the literel
followed by tue eqguivalent of

DATA symbol

el

C

e




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.




() fw
1. SELB: Thic roucine defines ool &“)

FNTURY1S]

2. ASGN: This routine defires eguated symbols.

o —

3. FOLEC: This is an awxilicsy roucine used by bols DEPLR wad
o}

&

ASCN to process the expression table when an undefined syubol

is defincd.

C
O




Wt

¥ipure b=131: Tlowchart of DEFTN (in CleaT.)

;ntﬁgj

N
AN <

k3 - r
ER R Ay i
i

\ |
«q&zi? thcri a/ﬁ-~—~ﬁ Tofiienli=p ) exit /
label?) | A\\‘,//
N

Y
1
¢
i

yes

\t/

\
Jook up label i
if not found, add,
it to moin table
wich word 3:=
word l:=p

|

L
Q lstcel used tablink: -wvord 3
when typiag vali=vord 4

b B4 2 T e - —l'
symbolic address 1lsﬁdef:;addr
Tin evror mess. i (yordh}!

!

3defined:;l

cquated:={

forget =0
ipeaeratec:~H{1 if gnbool )
axternal r=cxf
rfactor:-1{f if rfbool)
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The previous routines deal wostly with the aciions when a e

symbol is defircd. In contrast, the following rowtines handle

references to undelined symbols and literals. At this »oint the

scheme used for converting wdclined ewnressions Lo Polish pori- 'y
fix should be merntioned: Juel befove FXER o) Lo 2 operslor to
its operands 1t checlg thal the opovuads cre delired, T2 they are
not, [first the operand stack, and then the operator stock, are
scanned (in Lhe same direchtion as they were built uwn) wnd placed
in the expressloa table. AL the same time all onerands inthe
operand stack are replaced by "place~holders" (oo Tigure L-8);
these act as dummy operands to een the format of the stacks in
order. When an expression terminator 1. cacountered and iis
action is taken, the undefircd expression will be stored in the
expression table in Polish post-Iix.

The following flowcharts do not cover complete routines, bub

)

only parts of ilhem:

EXPRI: Action wnen a gsymbol is delimited

EXPR: Action whea an operator is to act on aa uadeliacd Q;;
quantity
Action on o literal operator
Action vhen an expression terainctor is encountered

END: Action on literals

Lotion on undefined expressions

oy

Action on undefined symbols
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5.0 Statement nrocessor {central loon of WLAF. dant~uclions,

and non-aaceo directives

The central. loop of NARP chari: with thc Jaboel CLOGP wt the
beginning, of CHNIRL. Tollowing this label is o stace Lubie (WTABR)
of" the same form us the one in EIPR, whten chocks (ro oovatex of
statoments.  In particulars, the opeode ol a ctalcsias o lowied up
and subecccuent aetion is dependent on its type. Une centrael loop
processes a statemen®t wo to the operoad ficld wnd thea jums 20 €
wopronriate aeltlon dopending on the type of oncole ‘pore Gutulls
below). The routine Jjummed to then processes the oncrand Tizld
and scons un to a seml-colon or carvicae roturn ond then junls
back to CLOOP? so that the auxt statement can be orocessod.

Just vefore the cenviral loon Jawns to a rowiine, it sets A
as Tollows:

A=0 meaqs therce is no operzad (i tae oncode requd
an opcrand then aa orror mecsgos is given by the

central looo).

A=-1  means there is an operand waiting to be processed.

e E

The routines Juwied to take the following actions:

Trotriuctions: The code for wprocessing inctrretions is just

G

This is rather straight-Torward code,

»)

after the contral loop.

irst checking for ‘e-' and /' and then calling EXPFR %o get the

i

Hy

value of the operand. If there is o tag then EXPR is called again.
The insbtruction is built up in INSIR and when a statement termin-
ator is encountered it is output. (When the instruction processor
is first enterecd, JUSTR already containg the value of the opcode,
possivly an indirect bit, ectec., so only thc values from the operand
field necd be merged in to complete the instruction. )

Mag

gu

cos: If the opeode is a macro call then a jump Lo MACALL

M

in MAC 1s made; INSTR contains the addresc of the Tirst word of the

[

> \ - "
macro head (see figure 6-2) in strizs storage. More details of

the srocessing of macro calls are given In section 6.
Dircetives: IT the opcode iz a divective then an ad hoc
routine written specllleully for the dircctive is Juvmmed to.
These routines arc divided into nou-mecro directives (dn DIECT)
7

and macro dircctives Ina MAC}ﬁ wochourh some of the routines in

MAC are not specifically connected with macros (1ike TF) but
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ese i 3IeCT wre morc oe Jens sbraignt-Cforward, and

. 5 . o — 7 - - o E + .
g few ure menvioned bowoy., Tor the othoers.,

S e e e b 3
CoVl: Tnln is realiy o clomico ccul e, vub Lo mentioacd '

“ X ’
hecuuse 1t uses a so-called shore teble (onerabed by the
neero SHTAB).  Sce the descerwiion of the moutine SHILK (in
MISC) in thce NAR? listing fov the format of thusc xinds of tables.

Thers

[¢]

FAD: This dirvective iz a 1itltle more cospley thun the

2 whcther NARDP

in DIRECT. 4There ave two actloac depending
. w. e e - N \ \ . . B
is beling Initlalized {sec section 7, or whciher it is a

Ia the latter tase, coversl ccans of the

normel aszenbly.
moin table are made bo output wll the tables and other
infornoatlion neceded by DD,

TINTYT &
70U This

)

dirccetive is of inbtercst primwri secause the cdde

5 I - N

Tor handling equased symbols {rowiize ASCY, scc Jirure 4-12)
is located here.

O7D: The code mey seem w bit obscuwre, but 1L it is Jullowed
with Jigure -2 2t hand it should meke sensce. The actlion is

»

slightly different i1f NARP is being initialized {see section 7).
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6.0 Cordibiomnd sasomhlyr and macros

e

- iy ey e 7 T LAl x\m A
G.L 50 shotomentns (IF, BISE, BLSL, Bwnw)

" . - PR ~ - T ~ P P Y I o S R
Procassine 1V atubesents g prlmoerily o malter ol deciding when

s 1 - I S S JL
to ascemble NARP siolements wnd vheon to sUuin then., Yae shilpning
o e Lalﬁn “~ vy ‘"-'C jey Areay sep e a0 ~ e 3 »’CC
1S Lng conirl D) oolom since Lt Vo RRY SULTL PR G LGy 89
¢ . P B SU DRy RO B L N X 2
sitatenents to be skipped arce locked ason as stris s Ladt wre Lo be

. SRl e eyt e e i e it

ignored until one of the watteenc "UFT, "IZIERT, TILESLT, o TENDD
appears i o approproiate slace within a sirinz. Yoo cldpni

routine called TACKD! [deceribed In more Qe

done by

&

section €.%) which reads characlors ond swlitehcl on Trea to

varlious actiouns. The usual action is to loomn loclk and reod the

next chovacLer and switch on ié. Looowious thet come

~5 ol the IF

of tne actions must do a bit nmore

will never be secn. Thus come act a node, .00, which

3 - 3y E - - N o S . ? =
is uscd to devecet the opecode Field o o stabonenw. Une lozic is

rather sinmle, the Iirst occurrence off o blonk sets the sode vo

1 A~ N pren e RSN o« ~an  HERE - 2u e S A
'afher lebel f£izid bloak', and cn "IV or cn "2 encountered in
this mode causcs CAZ Lo be called Lo delismit the svobol in the

oncode Tield. After GNE returns, the delinited gyvihol is looked

up in a short teble contalaing the following:

If the cymbol ic found in this table then o cpecicd actlion ig

taken, otherwise PACKIT poos on switchinw on characters. Th

a

advanzage of tnis scheme should be obvious: 1t ig wvery fTusi cince
mosl of the time chwracters are simely skipped oid GNE 1o enllad

only raroly.
Following ic the algorithm for processing if statements, written

in pseudo-ALCOL.

4 K
nIOC endf;

~dure ifskp (elsf, clse, endf); Irhel elsl, else
NS t

AL
L

ct
=1
| el
(=

begin comrent nis wrocedure ckipe stotements untl

encov.icere one with ELIN, ELEE, or TR in the oncode filcld.

2
A

It then exits to the corresgondiry 1oboel siven as input. Oaly
ELSF, TLSE, and ENDT on the ton lowvel are considered, since
all other occurrences welony to Lower level IF-LNDT blocks

(which arc to be ekipped); mlev:=0; comment mlev keeps track

N

"%
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,<;] ol vwhether we oxe ingide & lowey love]l I7WIWIEN Llceh:

loop: PACTLT; comment  Tals call vwill

T 1t

until with "I" or T

TG oceurl

5
ol
Fa SR S N

oL Uiie

braacn

eLiox,
ig not one of the four swnecial ome
L wloev:

wlev 413 poto loop;

aeto

- _ Y
RECIEN Y

et - o
. PSR SR PR v Tolral

- - EEAAN Tavan 3 oo o .
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bodies). On the othex hand, whe.. o remect body or mocro cull (maero

2dls contain arguments which must mo sterod until the cell is

(¢

-

complete) is stored, bhe strings will only be nceded for a shord
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