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terminates <arg>. Again, remember that blanks, commas,
semi-colons, and parentheses enclosed in quotes are
ignored when <arg> is being delimited. The initial
left parenthesis and its matching right parenthesis
(which need not be the last character in <arg>) are

removed before <arg> is transmitted to the macro.

Examples:
AMAC (,252,)», "HOUSE, ,ROGER' , (AB")")
D(1) = L5,
D(2) = null string
D(3) = 'HOUSE, ,ROGER'
D(k) =

AB" ) 1"

5.7 Examples of conditional assembly and macros

1. Tt is desired to have a pair of macros SAVE and RESTOR
for saving and restoring active registers at the beginning and
end of subroutines. These macros should take a variable number
of arguments so that, for example, one can write

SAVE A, SUBRS ,
RESTOR A,B,X, SUBRS

to generate the code

STA ' SUBRSA

LDA SUBRSA
LDB SUBRSB

LDX SUBRSX
To this end we first define a macro MOVE which is called

by the same arguments delivered to SAVE and RESTOR, but with
the string 'ST' or 'LD' appended.

MOVE MACRO D

X NARG
RPT (Y=2,X-1)
p(1)p(Y) D(X)D(Y)
ENDR
ENDM

Now SAVE and RESTOR can be aefined as

SAVE MACRO D
MOVE st,n(,)
ENDM



RESTOR MACRO - D
MOVE - Lp,D(,)

2. Many prograhmers use flags, memory celis that are
used as binary indicators. The instruétion SKN (skip if memory
hegati%e) makes 1t easy to test these flags if the convention is
used that a flag is set (true) if it contains -1 and reset (false)
if it contains @. We want to define two macros, SET and RESET
to manipulate these flags; furthermore, it is desirable to
deliver at call time the name of an active register which will

be used for the action. Calls of the macros will look like

SET A,FLG1,F1G2,FLG3
RESET X, FIG37,F1G12

As in the previous example we make use of an intermediate
macro, STORE, which takes the same arguments as SET and RESET.

STORE MACRO D
X NARG
RPT (Y=2,X)
ST.&D(1) D(Y)
ENDR
ENDM

Now SET and RESET are defined as

SET MACRO D
1D.&D(1) =-1
STORE D(,)
ENDM

RESET MACRO D

- CL.&D(1)
STORE D(,)
ENDM

3. The following macro, MOVE, takes any number of pairs
of arguments; the first argument of each‘pair is moved to the
second, but an argument may itself be a pair of arguments, which
may themselves be pairs of arguments, etc. MOVE extracts pairs of
argument structures and transmits them to a second macro MOVEl.

MOVE MACRO D

X NARG '
RPT (Y=1,2,X)
MOVE1 D(Y),D(Y+1)
ENDR

ENDM
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The main work is done in MOVEL which calls itself recursively
until it comes up with a sihgle pair of arguments. -

MOVE1

c(1) NARG

c(2) EQU
IF
IDA
STA
ELSE
RPT

MOVE1l

ENDR
ENDF
'ENDM
When MOVE is called by
MOVE

the code generated is

LDA

STA

When called by

MOVE

the code generated is

STA
- STA

When called by

MOVE

the code generated is

STA

STA

MACRO

1

D,G,2

g(1j=2
p(1)
D(2)

c(1)/2,(G(2)=6(2)+1)
D(G(2)),p(c(2)+c(1)/2)

AA;B .

A,B,C,D

gaQw>»

(8,3, (c,D)

Owa >
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And when called by

MOVE ((4,8), (¢,0)), ((E,F), (G,H))
the code generated is ’

IDA
STA
LDA
STA
LDA
STA
LDA
STA

ToQQEwE>

It is instructive to trace the last exemple by hand to see how
the recursive calls of MOVEL work. This is an exercise left

to the reader.
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6.0 Qperating NARP

6.1 Stafting,an assembly

Assuming that the user has entered the tlme sharlng system,
NARP is called by hitting the ESCAPE button until the EXEC answvers
(by typing '—,) and then typlng 'NARP' followed by a carrlage re-
turn. Control is then turned over to NARP and a source file must
be specified; other information may also be supplied, if desired.
The general format is:

default convention

~NARP,

SOURCE FILE: file name none
OBJECT FILE: file name none
TEXT FILE: file name TELETYPE

All three files do not have to be specified.
" The various options are discussed in more detail below:

SOURCEeFILE: As soon as NARP is started this line is typed and
the user must specify a file containing  the programs
to be assembled. When he terminates the name with a
carriage return, NARP responds with 'OBJECT FILE:'

on the next line,

When the name is terminated with a line feed, no fur-
ther requests are made. The assembly begins immediately
and produces no object file or Teletype listing except
for error messages. This feature is primarily used to
FREEZE symbols and macros into the symbol table.

OBJECT FILE: The file name given specifies where the binary output
from the program should go. If the file name is termi-
nated by a line feed, then NARP waits for a text file
to be specified.

TEXT FILE: The file name given snecifies where the listing of the
source program and of the error messages should go.
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6.2 Multiple program assembly

The source file may contain more than one program each termi-
nated by an END directive. Each program is assembled separately
with each binary being appended to the object files, Multiple pro-
gram object files. can be loaded in DDT with no addition and in FOS
with the addition of a FIILIB directive,
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6.3 Assembly of multiple files

After completing a NARP assembly of one file it is possible to
run a second NARP assembly which uses definitions made in the first.
All those definitions preceding the FREEZE directive will be retained.
This process may be repeated., Using this feature, it is possible to
break up symbolic programs which are too large for QED to handle into
manageable segments. To assemble a second or subsequent file, use
the CONTINUE command of the EXECutive in place of the NARP command,
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Appendix A: List of all pre-defined opcodes and pre-defined symbols

NARP in its origlnal form contained no symbol definitions except
that for "OPD". An initialization run was performed using the defini-
tions given below. The NARP subsystem as available to the DIAL-DATA
user is an initialized version. That is, the opcodes and symbols
shown below are already defined and the user does not make an ini-
tialization run.

RN

The following table is a listing of an initialization program
used to initialize the opcode table and symbol table of NARP, It
will be noted that in some cases the OPD directive has four operands
instead of the usual three; the fourth operand specifies the type
(directive, macro, or instruction) of the épcode being defined., It
is only possible to use four operands for OPD when NARP is belng
initialized, and once the initialization program has been assembled,
OPD will only accept three operands.



CAZ
CFAA
Cin X
CX3
KA:3
ST
Lidi
Kkl
CNA
AXC

Bk
BRA
B
BRR
BRI

SKS
SKE
SKG
SKR
SK
SKNN
SKA
SKB
SKD

RSH
RCY
LRSH
LSH
LCY
- NOD

HLT
ZRO
NO?
EAU

BPTI
BPT2
BPT3
BPT4

ROV
REO
ovT
0T

I
DIx
AIR
IET
DT

oPD
S1R4D)
00D
OrPD
0D
oru
DPD
arD
orp
orbD

0PD

orb
oPD
orD
oPD

orD
orD
arPbD
oPD
OPD
OoPD

OPD

orD
OoPD

arD
oPD
orbD
OPD
orD

oPD

0D
0D
orDd
OPD

0oPrD
OrD
0PD

OPD

0rD
orbD
0rD
orbD

OrD
O1° D
orD
orD
orp

(146974008, 1

GA6HNI6HOEB, 1
VHADEH2(08, 1

N6 4)8 s ]

D460 6685 1
B46A011228, 1
NA600)1401851
46031160851
N460 1003081

" PA6OPAD1B, L

GB10BOANE 2

B41006GAE,2
B430000AB,2
DS10BOVBAB,2
?11900008,2

G4D0BBAGB,2

ASABABNGB, 2
A73600688,2
D60000AAB, 2
070000908, 2
0530643018, 2
BT2000008,2
7952000008, 2
O 74000098, 2

A66AB0ANB2, 1
06620000Bs2,1

06624000Bs>2,51
A6TANAAGB2, 1
D67200008525 1
D6T10VANEB,2, 1

BOANDINABL0

HHAABAOBE 0
W2NUIRANOL 0

B23000V0B,2

B4D26 4708 1
B402020685 1
N4B20 1048, 1
043200 458> 1

(220000185 1

D2200010851

N220n1818, 1
N220p16aB, 1

D220 48,1
AB22000208, 1
D4B2ONN2B, 1
B4N2OBA 4B, 1

-

Bu2200328,1

SKIP

SKIP

CorY A INT
EXCHANGE
CorPY B INT
COrY X INT
EAXCHANGE X
STIRE EXFO
LOAL EXPON
EXCHANGE E
COPY NEGAT
COPY A TO

BRANCH UNC
INCREMENT
MARK

PLACE
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0 X

A AND A

0 X

0 B

AND B

NENT |

ENT

KPONENTS

IVE OF A INTO A
X, CLEAR A
ONDITIONALLY
INODEX AND BRANCH
AND BRANCH

RETURN BRANCH

BRANCH AND

SKIP IF SI
IF A
SKIP IF A
REDUCE M,
SKIP IF A
IF M
SKIP IF M
SKIP IF ™
DIFFERENCE

RIGHT SHIF

. RIGHT CYCL

LOGICAL RI

LEFT SHIFT

LEFT CYCLE

NORMALIZE
)

HALT

ZERO

NO OPERATI

EXECUTE

BREAKPOINT
BREAKPOINT
BREAKPOINT
BREAKPOINT

" RESET OVER

RECORD EXP
OVERFLOW T
OVERFLOW T

ENABLE INT
DISABLE IN

T ARM/DISARM

INTERRUPT
INTERRUPT

RETURN FROM INTERRUPT

GNAL MOT SET

EQUALS ™ .

GREATER THAN M

SKIP IF NEGATIVE

EQUALS M ON B MASK

NEGATIVE , ,

AND A DO NOT COMPARE ONES

AND B DO NOT COMPARE ONES
EXPONENTS AND SKIP

T AB
E AB
GHT SHIFT AB
AB .
AB
AND

DECREMENT X

ON

TEST
TEST
TEST
TEST

MW —

FLOW. :

ONENT OVERFLOW
EST AND RESET
EST ONLY

ERRUPTS

TERRUPTS
INTERRUPTS
ENABLED TEST
DISABLED TEST



ALCY
DISh
AsCH
TOoPw

CATw
CiaTi
CZTY
CIvtl

EXDIR]
I
I
PIN
POT
Qi
B E T l«'l’
BRTHW

TSN
CKN
CKF
Lkl
Lrr2
LRR3

310
BRS
CIO
Cit
CTRL
D3I
DB
DWI
DO
EXS
EXSYM
FAD
TDV
FRAD
FFADD
FrD1
FIFDID
FEDy
FFDVD

Firse |

FirMPD
FESS
FFSBD
FFSI
FESID
e
F5B8

- 0PD

OrD
QP
arb

arD
oPrD
oPD
OPD

D IEd)D)
0rD
Qi’i)
orb
S1ad))
0i’b
1))
orb

0’D
orDb
orpb

orp -

oPD
oPrD

OrD
orD
OrD
orb

PD
0iPD
OPD
DPRD
OrD
orbD
OrD
aPD
OrPD
JPD
OPRD
OrD
DPD
orp
orb
0rD
QPD
orD
OPRPD
OrPD
0PD
OFPD
OPD

BO2503038 > 1
N020400A3, 1
BN21200018, 1
732140008, 1

0400140008, 1
A4001100013, 1
B4012007%85 1

0401080008, 1

NB6NNHNBAIER, 2
11200008, 2
32010008, 2
N3390NANB, 2
13000 BB,2
WH20130918, 2
40200108, 1
40210068, 1

00222000Bs1

NN2201800Y8, 1
052202008, 1
2204008, 1
032219008, 1

PN22140085 1

576000008, 2
57360ABMIB,2
561360008, 2
534063668, 2

5724303003, 2

5423309013, 2
543060068, 2
544050008, 2
5450000608, 2
5520500913, 2
51530000B,2
5560300018, 2
5530010333, 2
5260900UB, 2
52(00909013, 2
531000008, 2

S1400000B,2

5300830913, 2
522000018, 2
527090038, 2
521010008, 2
532000838, 2
52300903618, 2
53303003, 2
513003008, 2
554000008, 2

555000008,2
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ALERT CHANNEL W
DISCONNECT CHANNEL W

ALERT TO

STORE ADDRESS IN CHANNEL W

TERMINATE OUTPUT ON CHANNEL W

CHANNFL ACTIVE TEST
CHANNEL W ERROR TEST
CHANNEL W COUNT TEST

ENERGIZE

M OINTO W
Y BUFFER
PARALLEL
PARALLEL
ENERGIZE
W BUFFER
W BUFFER

NORMAL 1O
CLOCK ON

CLOCK OFF
LOAD RELA
LOAD RELA

LOAD RELA

BLOCK 1I/0

- BRANCH TO

CHARACTER
CHARACTER
CONTROL

- DRUM BLOC

DRUM BLOC
DRUM WORD

DRUM WORD

EXECUTE I
EXS RELOC
FLOATING
FLOATING
FLOATING

FLOATING

FLOATING
FLOATING
FLOATING
FLOATING

- FLOATING

FLOATING
FLOATING
FLOATING
FLOATING
FLOATING
FLOATING
FLOATING

4~CHANNEL W INTER=-RECORD TEST

OUTPUT D

BUFFER WHEN EMPTY
INTO M WHEN FULL
INPUT

OUTPUT

OUTPUT ™

ERROR TEST

READY TEST

MONITOR MODE

BELLING REGISTER 1
BELLING REGISTER 2
BELLING REGISTER 3

SYSTEM
170
INPUT AND TEST

K INPUT
K OUTPUT

INPUT

ouUTPUT
NSTRUCTION IN SYSTEM MODE
ATED FROM SYMS IN MONITOR
ADD
DIVIDE
ADD WITH FA
ADD» X DOUBLED
DIVIDE INVERTED WITH FA
DIVIDE INVERTED,X DOUBLED
DIVIDE WITH FA
DIVIDE, X DOUBLED
MULTIPLY WITH FA
MULTIPLYs X DOUBLED
SUBTRACT WITH FA
SUBTRACT, X DOUBLED
SUSTRACT INVERTED WITH FA -
SUBTRACT INVERTED,X DOUBLED
MULTIPLY

SUBTRACT -
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GCD orD 537991008, 2 GET CHARACTER AND DECREMENT

GCI oPD 56503078, 2 GET CHARACTER AND INCREMENT

ISC OPD 540000098, 2 INTERMNAL TO STRING CONV(FLOATING OUTPUT)
IST OPD 55030008, 2 INPUT FROM SPECIFIED TELETYPE

LAS oPD 54600030B,2  LOAD FROM SECONDARY MEMORY

LD? oPD 566000008, 2 'LOAD POINTER (AB)

LDFM  OPD 52480000852 LOAD FLOATING ACCUMULATOR

LOFMD  0PD "516A00093,2 LOAD FLOATING ACCUMULATOR, X DOUBLED

0ST oD 551000008, 2 OUTPUT TO SPECIFIED TELETYPE

SAS OPD  * 547990608B,2 STORE IN SECONDARY MEMORY

SBrM  OPD 570090008,2  SYSTEM BiM

SBRR  OPD ¥51409008,2  SYSTEM BRR ' .
SIC 0PD 54100080B,2  STRING TO INTERNAL CONV(FLOATING INPUT)
SKSE  0PD S630GADNB,2 SKIP IF STRINGS EQUAL

SKSG  OPD 5620030082 - SKIP IF STRING GREATER

STF¥  0PD 525000008, 2 STORE FLOATING ACCUMULATOR

STFMD  OPD 5S1700AWEB,2 STORE FLOATING ACCUMULATOR»,X DOUBLED
STI OPD 5360000082 SIMULATE TELETYPE INPUT

STP OPD S6T00000B8,2 STORE POINTER (AB)

TCI 0D 574000008, 2 TELETYPE CHARACTER INPUT

TCO oPD 575000068, 2 TELETYPE CHARACTER OUTPUT

WCD 0D 53520000852 WRITE CHARACTER AND DECREMENT

bICH OPD 564000008, 2 WRITE CHARACTER

NCI 0PD 557000308, 2 WRITE CHARACTER AND INCREMENT

WIO  OFD 560000008, 2 WORD 1/0

* DIRECTIVE DEFINITIONS:

ASC OPD Ds2s051 ASCII STRING
BRES oPD 1,250, 1 BLOCK END SYMBOL
BSS PD 2525051 BLOCK START SYMBOL
coryY orD 3525051 REGISTER CHANGE
CRPT 0rPD 4525051 CONDITIONAL REPEAT
DATA OPD 5525051 DATA WORD o
FIILIB OPD 6515051 FORTRAN I1 LIBRARY
DEC orD Ts15051 SET NUMBER RADIX TO 10
DELSYM OPD Bs1s051 DELETE SYMBOL
FLSE oPD 951511 ELSE
ELSF orD 19,250, 1 ELSE IF
END orD 11515951 END OF PROGRAM
FENDF 0D 12515051 END IF
ENDM 0rD 13515951 END MACRO
ENDR 0P 14515051 END REPEAT
KOU aln 15525051 EQUATE
EXT 0PD 16505051 EXTERNAL ,

FREEZE 0D 17,15051 FREEZE TABLES.

FRGT orbD 18525051 FORGET SYMBOL
INDENT  0OPD 19515051 IDENTIFICATION SYMBOL
IF orRD 20525051 - IF ‘
LIST 0rPD 21s050,1 TURN ON LISTING
MACRO  OrD 22505951 MACRO DEFINITION

NARG oPD 235150051 ‘ NUMBER OF ARGUMENTS
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NCHR orPD 24,0201 - NUMBER OF CHARACTERS
LOCCNT 0PD 2552,0,1 LOCATION COUNTER
NOLIST OPD = 26,0,3,1 TURN OFF LISTING
ocT OPD 27,1,0,1 } SET NUMBER RADIX TO 8
POPD 0rPD 28,2205 1 ' POP DEFINITION
RELORG 0PD 29,250, 1 RELATIVE ORIGIN
RETREL OPD 30,515,051 RETRIEVE ORIGIN
RPT oPD 31s25051 REPEAT
TEAT OPD 32,2,0,1 ' STRING (FOUR CHARACTERS PER WORD)
LMACRRO OPD 33,090,051 2 == -ALTERNATIVE MACRO.DEF°'N
GLOBAL 0OPD 34515951 SET GLOBAL MODE
REM OPD 35,22051 ~ PRINT REMARK ON TEXT FILE
LOCAL OPD 36515851 - SET LOCAL MODE
FRGTOP OPD 37,2051 . FORGET SELECTED OPCODES
CSECT | OPD 38,250,1 ' CONTROL SECTION
NBSS oPD 39,2,0,1 NONCOMMUNICATIVE BSS
:ZERO: EQU *
:LC: EQU :ZERO:

FRGT s ZERO:»:LC:s

FREEZE

END ‘ "LAST LINE OF NARP INITIALIZATION PROGR



