United Aircraft Corporation

March 22, 1956

Note: This wite-up cancels and supersedes wite-up dated Septenber 21, 1955
The effect of Addendum No. 1 is included in this wite-up.

SHARE Assenbl er

Reproduced at Lincoln Laboratory

(UA SAP 1 and 2)

Roy Nutt

704 instructions to be assenbled by this programare witten with re-
ferences expressed as arithnetic conbinations of synbols and/or decimal integers.
A variable field format is used in which the parts of the instruction are given
in the order address, tag and decrenment. |In addition to instruction; data in
decimal, octal or Hollerith (BCD) form nmay be assenbled, and library routines
witten in the same synbolic formmay be conveniently incorporated into the pro-
gram bei ng assenbl ed.

A programto conpute

2+3=N
- LA 3
PN (X)Y) - aio é\oqx 4 XA y

is used as an exanple. (See |last page).

In order to describe the use of this assenbly program |et us consider
first a sinplified explanation of synbolic assenbly operation

The procedure is divided into two parts; - the first exam nes the pro-
gramto be assenbled in order to define each synbol used in witing the program
The second part prepares the actual machi ne | anguage program punches it in binary
formon cards and produces a printed copy of the programin synbolic formtogether
with the correspondi ng octal nachi ne | anguage program

During the first part a counter is used to specify the absolute |ocation
of each word in the program Call this location counter L. L is set initially to
an integer supplied to the assenbly program by the program bei ng assenbl ed, hence-
forth L is increased by one for each word to be used by the program



Si nul t aneously with this counting procedure a table is constructed.
Each entry in this table defines a synbol used in the program as bei ng equival -
ent to sone integer. Entries to the table are nmade in two ways:

1. A synbol appears as the "synbolic location" of a word in the program
bei ng assenbl ed and is assigned the val ue of L.

2. A synbol is defined by a pseudo operation
It is inportant to note that the order of the absolute instructions
preduced by synbolic assenbly is determ ned solely by the order in which the
synbolic instructions are read by the assenbly program
During the second part of the assenbly process L is conputed in ex-
actly the same manner as it was during the first part. 1In addition all sym
bols in the synbolic programare replaced by the integer equival ences given in
the table forned during the first part, thus producing an absol ute program
Note that this operation requires that each synbol be uniquely defined.
For use in the assenbly programthe followi ng definitions are nade
Synbol :  Any conbi nation of not nore than 6 Hollerith characters,
none of whichis +- */ , $ and at |east one of which is

non- numeri c.

Integer: (with respect to instructions):
Any decimal integer less than 1 000 000.

The operation part of each instruction is specified by the standard
"SHARE" abbrevi ation of 3 al phabetic characters.

A synbolic instruction should be identified by a synbol ("synbolic
location" only if it is necessary to refer to this instruction in the program

The address, tag and decrenent parts of synbolic instructions are given
in that order. |In sonme cases the decrenment, tag or address parts are not nec-
essary, therefore the foll owi ng conbi nati ons are perm ssi bl e.

oP

oP Addr ess

oP Addr ess, Tag

oP Addr ess, Tag, Decrenent

Exampl es of the last three types occur in the illustrative problemat P3, P3+2
and P3+3 respectively.
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Note the tag, if present, nust be separated fromthe address by a conma
and simlarly the decrenent, if present, nust be separated fromthe tag by a
comma. For the few instructions which require a tag bur no address, the address
zero shoul be used, for exanple:
PDX 0, 4
Simlarly where a decrenent is required with no tag a zero should be used as in

TXL A, OB

The following card formis used by the assenbly

1-6 Synbol or bl ank
7 Bl ank
8-10 Abbr evi at ed operation or bl ank
11 Bl ank
12-72 Variable field
73-80 Not used

Expressi ons defineing the address, tag and decrenent are punched wi thout bl anks
fromcolum 12 on. The first blank to the right of colum 12 defines the end
of the instruction. Al punching to the right of such a blank is considered to
be a remark and has no effect on the assenbly process.

If an instruction requires a synbolic location, the synbol used is pun-
ched in colums 1-6.

Ar 1t hneti c expressi ons

Arithnmetic expressions in terns of synbols and integers may be used with
sonme pseudo-operations and to define address, tag or decrenent parts of 704 in-
structions.

The foll owing el enentary operations nmay be used:

addition, indicated by +
subtraction, indicated by -
mul tiplication, indicated by *

division, indicated by /

No parent hethical expressions may be witten.
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35 is used, hence

Integral arithnmetic nodulo 2
1. Miltiplication is not commutative with division:
A*B/ C£A/ C*B

except when Cis a factor of A
Note that A/C*B inplies (AAC)*B net A/(C'B).

2. Addi tion and subtraction are comutative:
A+B- C=B- C+A
3. Multiplication and division are distributive with respect to each

other but not with respect to addition or subtraction
A+B* C/ D£A* C/ D+B*C/ D
Note that A+B*C/D inplies A+(B*C D) and not (A+B)*C/ D
If the result of an expression is to be expressed in n binary places,
its value is conputed nodul o 2" If the residue is negative, its 2's conpl enent

is the result.

Hence if v is the value of an expression, r is the result used and

m=|v| mod 20
m vZo
r=
then " m v &0

For exanple the instruction at |ocation P3+3 in the illustration has a
decrenent part of -1. Here. nrl, v=-1, n=15 so that

r=2151

Consi der also the tag part of instruction on P4-1 where

v=J+K=1+4=5
m=5, n=3
so that r=5



PSEUDO OPERATI ONS

Oigin specification: ORG

The location counter L is set to the value of the expression appearing
in the variable field. Each synbol appearing in the expression nust have been
previously defined (i.e. appeared in the synbol field, colums 1-6, of sone in-
struction or pseudo-instruction preceding this origin specification.)

If no origin specification is given for a programthe initial value of L
shal | be zero

Origin specification instructions may be used at wll.

Equal s: EQU

They synbol appearing in 1-6 is assigned the integer value given by the
expression appearing in the variable field. Each synbol used in this expression
nmust be previously defined.

Note that the pseudo operation EQU is to be used only in those cases where
the synbol appearing in 1-6 specifies a preset program paraneter such as the order
of a matrix, the pegree of a polynomal, the nunber of itenms in a group, or any
other quantity wheich is invariant with respect to the location of the programin
storage. |If the synbol specifies the location of a piece of data or an instruct-
ion, the pseudo operation SYN should be used.

Synonym _ SYN

The synbol appearing in 1-6 is assigned the integer value given by the
expression appearing in the variable field. Each s,ynbol used in this expression
nmust be previously defined.

Note that the pseudo operation SYNis to be used only in those cases where
the synbol appearing in 1-6 specifies the |ocation of a pi~ce ot data, the location
of an instruction, or any other quantity whose val ue depends upon the | ocation ot the
programin storage. If the synbol specifies a preset program paraneter, the
pseudo operation EQU shoul d be used.

Deci nal _data: DEC
The decimal data beginning in colum 12 is converted to binary and assi gned
to consecutive locations L, 1+1

Successive words of data on a card are separated by conmas, and the first
blank to the right of colum 12 indicates that all punching to the right of this
blank is a remark

Signs are indicated by + or - (12 or 11 punch) precedi ng the nunber, the
exponent or the binary scale factor. Howerer it is not necessary to use the +
si gn.

The synbol appearing in 1-6 identities the first decimal data word on the
card. Successive words are identified relative to the first word. |[|f no synbol
appears in 1-6, the data words are identified relative to that word nost recently
identified by a synbol.



If none of the characters . E or B appear in a decinmal data word, the
word is converted as a binary integer with the binary point at the right hand
end of the word.

If either of the characters E or . or both appear in a decinml data word
and the character B does not appear, the word is converted to a 704 type floating
binary quantity. The deci mal exponent used in this conversion is the nunber which
follows inunediately after the character E. |If the character E does not appear,
the exponent is assuned to be zero. |If the decimal point does not appear, it is
assuned to be at the right hand end. For exanple, 12.345, +12.345, 1.2345H,
| 234. 5E-2 and | 2345E-3 are all equival ent representations of the sane floating
poi nt word.

If the character B appears in a decinmal data word, the word is converted
as a fixed point binary quantity. Tne binary scale factor used in this conversion

is the nunber which follows imediately after the character B; - it being the
nunber of binary places between the left hand end of the storage cell and the
bi nary point of the fixed point binary result. [|f the decinml point does not

appear in the decinmal data word, it is adduned to be at the right hand end. The
deci mal exponent used in this conversion is the nunmber which follows imrediately
after the character E. The order of B and E is not significant. For exanple,
12. 345B4, +1.2345E1B4 and | 2345B4E-3 are all equival ent representations of the
sanme fixed point quantity.

Cctal data: OCT

The octal data beginning in colum 12 is taken in binary integer form
the binary point considered to be on the right hand end of a 704 word, and
assigned to consecutive storage locations L, L+l,..

Successive words are separated by commas and the first blank to the right
of colum 12 indicates that all punching to the right is to be considered a re-
mar K.

The synbol appearing in 1~6 identifies the first octal data word on the card.
Successive words are identified relativ-to the first word. If no synbol is used,
identification is relative to that word nost recently identified bya synbol.

In the case of 12 digit octal nunbers, the follow ng equival ences exi st
with respect to the high order digit:

-0=14 -1 =5 -2 =6 -3 =7
Either fom may be used in coding for the assenbly.

Hollerith data: BCD
Nomal |y the 10 six character wc:rrds of Hollerith information from col

13-72 are read and al Ssigned to locations L, L+l,...,L+9. [If, however, |less than
10 BCD words are desired, a word count v (0<v<9) is punched in colwnn 12,
in which case v words are read and assigned to locations L, L+l,...,L+v-I



The synbol appearing in 1-6 identifies the first Hollerith word on the
card. Successive words are identified relative to the first word. If no sym
bol is used, identification is relative to that word nost recently identified by
a synbol .

Bl ock started by synbol: BSS

The bl ock of storage extending fromL to L+N-1, where Nis the value of the
expression beginning in colum 12, is reserved by this pseudo operation. Each sym
bol in the expression for N nust have been previously defined.

If a synmbol is punched in 1-6, it is assigned the value L, corresponding to
the first word of the block reserved.

Finally, L is replaced by L+N

Bl ock ended by synbol: BES

Thi s pseudo operation is exactly the sane as BSS, except that the val ue
assigned. to any synbol appearing in 1-6 is L+N, corresponding to the |ocation of
the first word follow ng the bl ock reserved

Repeat : REP

Two expressions, the first beginning in colum 12 and separated fromthe second
by a conma, define two integers Mand N. The block of instructions and/or data
preceding the REP operation in locations L, L+l,...,L+MI| is repeated N tines,
the repeated infomati on being assigned to |ocations L+M L+M+H , ..., L+MN-1|.
Only one word of infomation nay appear on each card which is part of a repeated
bl ock.

Li brary search: LIB

The library routine identified by the synbol in 1-6 is obtained troma
library tape and inserted in the program being assenbled. |If the library routine
requries k words of storage it will occupy locations L, L+l,...,L+K-1. The ident-
ification synbol is not entered in the table of synbols, but any synbols appearing
inthe library routine are entered and properly defi ned.

The first set of information on the library tape is an ordered list of the
subroutines which are on the tape. The assenbly program al ways keeps track of the
position of the library tape and nakes use of the information in the ordered |i st
of subroutines in order to search the library in the nost efficient manner. (The
library tape is not rewound between searches.)

Tape searching tinme may be mnimzed both by recording the nost frequently
used subroutines at the beginning of the tape and by specifying that the subroutines
to be incorporated into any particular programare called for in the order in which
they appear on the tape.

Headi ng: HED

It is often convenient to conbine several prograns into one program Two
difficulties immediately arise. First, the synbolic references to data common
to the seyeral prograns nay differ in the individual prograns. This can be easily
corrected by the use of synonyns which equate the proper synbols.

7
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Second, it may be that two or nore of the individual prograns use the
sanme synbols for references which should be unique. In order to restore un-
i queness, it is necessary to change the synbols in each programin sone way.
The headi ng pseudo operation acconplishes this result in the foll ow ng manner

The heading card supplies to the assenbly program a single character
(punched in colum 1 of the HED card). Each synbol in the programfollow ng the
HED pseudo operation is prefixed by this character except when a special indication
to cancel the prefixing operation is given. A new headi ng pseudo operation will
replace the prefix character. Thus several prograns havi ng non-uni que synbol s may
be conbi ned by giving the headi ng pseudo operation with a uni que character before
each program If a nurerical heading is used, then sone non-nuneric character
must be punched in 2-6 of the heading card.

It is, however, sonetines necessary to nmake cross-references between the
i ndi vidual prograns. To acconplish this, such references nust be witten in the
following way. Let H be the heading character and K be the synbol in the block
headed by H to which reference is to be nade. To refer to Kfroma part of the
program not headed by H wite

HEK

The special character $ indicates to the assenbly programthat Kis to be pre-
fixed by Hinstead of by the prefix given on the |ast heading card.

It is inportant to note that if use is to be nade of the Heading feature,
all synbols used throughout the programw |l usually be restricted to five or
fewer characters. |f any six-character synbols (such as the erasabl e storage
desi gnati on COVWON) are used, these synbols will not be headed.

Def i ne: DEF

If there exist in the program synbols not defined in accordance with the
normal rules, such synbols may be defined in a different manner by use of the
pseudo operation DEF. This pseudo operation causes the first such synbol en-
countered in an address, tag or decrenent to be assigned the value given by the
expression betinning in colum 12 of the DEF card, Successive undefined synbols
are then given successive values until either a new DEF is given (in which case
a new assignnment is begun) or until the capacity of the synbol table is exceeded.

Note that the pseudo operation DEF can not be used tode.flne an ot herw se
undefined synbol if this synmbol occurs in the address, tag or decrenent of an
instruction which precedes the DEF card. The pseudo operation DEF defines only
those ot herw se undefined synbols which are first encountered after the DEF card
itself has been encountered.

Simlarly, if two DEF cards are used, and if an otherw se indefined sym
bol occurs both in instructions which appear between the two DEF cards, as wel
as in instructions which follow the second DEF card, then the definition which
wi ||l be used throughout is the one established by the first DEF card. The sec-
ondDEF card has in such a case no effect on the already - established definition



Remar ks: REM

Any Hollerith punching in colum 12-72 will be reproduced in the prin-
ted listing of the assenbly, without otherw se affecting the assenbly in any
way.

End of program END

Thi s pseudo operation nust be the last read by the assenbly program The val ue
of the expression beiinning in colum 12 is punched as the transfer address in a
704 binary correction/transfer card.

Oper ati on code

In addition to the standard 3 letter operation code adopted by SHARE, this
assenbly program recogni zes the foll owi ng codes which may be used to assign arbit-
rary values to the prefix and sign of calling sequence words:

Al phabeti c Code Nane Cctal  Code
MZE M nus zero - 0000
MON M nus one -1000
MW M nus two - 2000
MIH M nus three - 3000
PZE Pl us zero +0000
PON Pl us one +1000
PTW Pl us two +2000
PTH Pl us three +3000
FOR Four - 0000
FVE Five -1000
Si x Si x - 2000
SVN Seven - 3000

In coding synmbolic instructions which have OFF, CHS, CLM COM DCT, ETM
IOD, LTM LBT, PBT, RCD, RPR, RTT, RND, SLF, SPT, SSM SSP, WIV, WPR, or WPU as
their operation part, the address part should be blank or zero, since the assenb-
Iy program autonmatically introcduces the correct address.

In coding synmbolic instructions which have BST, RDR, RTB, RTD, REW SLN
SLT, SPR, SPU, SWI, WDR, WEF, WIB, WID, or WIS as their operation part, the ad-
dress part should be the unit nunber (in decimal). For instance, BST 2 inplies
Back Space Tape No. 2, SPR 9 inplies Sense Printer Exit No. 9, WODR 3 inplies Wite
Drum No. 3, and so on. The assenbly program automatically conputes the correct
octal address (222, 371, and 303 respectively, in the foregoi ng exanpl es).

Locati on counter

If an absolute decimal location (i.e.: one containing no non-nuneric
characters) is punched in colums 1-6 of any card in the assenbly, the location
counter L will be set to that value. The effect of absolute decinmal punching
in these colums is therefore identically the same as if the card in question
were to be placed i mmedi ately behind an ORG card having the exact sane absol ute
deci mal location punched in its variable field.
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Oper ati onal features

As an aid to the programmer this assenbly program gi ves sone indications
of erroneously prepared prograns.

If a synbol used in the programis not defined; address, tag or decrenent
parts containing this synbol are left blank in the printed assenbly and zero is
used for the correspondi ng address, tag or decrenent parts in the binary instruct-
ion deck. In the case of pseudo operations involving undefined synbols, any ex-
pressi ons containing such synbols are eval uated using zero as the value of the un-
defined synbol. A list of all undefined eyngols will be printed at the end of the
assenbly. (Included in this list will also be any synbols which have been defined
by neans of the pseudo operation DEF).

If a non-existent operation code is used, the prefix part of the correspond-
ing instruction is left blank in the printed assenbly and zero is used as the op-
eration code in the binary deck

A list of duplicated synbols is printed prior to the printing of the pro-
gram This list gives the synbol duplicated and the integer values assigned to it.

O her conveni ent features are:

Printing of the entire programmay be suppressed, or printing of the
subroutines copied fromthe library may be suppressed.

Si ngl e or double spacing is optional
Assenbly may be nmade fromeither a BCD tape, or from cards.

Bi nary punching is available in either non-rel ocatable or relocatable
format.

Capacity of the synbol table

Sufficient space has been set aside in core storage in order to pernt the
assenbl er to construct a synbol table containing 1097 entries. |In cases where the
programto be assenbl ed nmakes use of the library tape, however, the nmaxi num nunber
of synbols which the assenbler can handle is sonewhat reduced. This follows from
the fact that the entire ordered list of subroutines which forns the firat set of
information on the library tape is copied into the upper end of the synbol table
area at the tine that the first LIB card is encountered. Hence if the library tape
is used during an assenbly, the effective synbol table size becones 1097 m nus the
nunber of library subroutines on the tape.

In connection with the capacity of the synbol table, it should al so be
noted that any unassi gned synbols are also recorded in this synbol table area
preparatory to printing the |ist of unassigned synbols at the end of the assenbly.
Hence if a case arises where the nunber of assigned synbols plus the nunber ot sub-
routines in the tape library (if used) plus the nunber of unassigned synbols shoul d
total nore than 1097, then the list of unassigned synbols printed at the end of the
assenbly will include only enough synbols to nake up the 1097 total. The rest of
t he unassi gned synbols can only be detected by noting bl ank addresses, tags or de-
crements in the printed output.

10.



3.11

Reassenbl y features

Additions to a program whi ch has been assenbl ed are easily acconplished if
the table of synbols which was punched during the initial assenbly process has
been saved. It is then necessary only to reload this table and assenble the new
parts of the program The original program need not be rel oaded.

Furthernore any change to the original program which does not involve re-
| ocation of any part of the program or any reassignnent of synbols, may be nmade
by assenbly of only those parts of the program which are to be changed.

Enl arged core storage

The assenbl er has been so witten as to pernit it to be used, w thout change,
in 704's with enlarged core storage.

For each additional two words of core storage beyond the m ni nrum of 4096,
the assenbler automatically provides for one &dditional syabol in the synbol table.

11.



04000

04001

04002

04003

04004

04005

04006

04007

04010

04011

04012

04013

040l 4

04015

04016

04017

04020

04046

04047

04050

0405l

-0

-0

-2

0

53400

63400

50000

77777

00001

76500

26000

30000

77777

00001

60100

56000

26000

30000

77754

60100

00000

00000

00000

00000

00000

04000

04011

04020

04022

04004

04017

00043

04046

04022

04011

04005

04051

04050

04047

04051

04050

04001

00005

00052

04021

00000

00000

00000

00000

00001

00004

04000

00000

P4

P6

P3

P1

P5

P2

LXD

SXD

CLA

TXI

TNX

LRS

FvP

FAD

TXI

TI X

2048
P1, J+K
P2, K
A+l J
P6, J, -1

P5, K, 1

A+l ,J
Pl,J,-I

P3, K, 1

STO S

LDQ Z

FvP

FAD

TXL

Y
S

QuT, J. - R 2+1

STO z

TXI
EQU
EQU

BSS

P4, K
5
N¢ N3* N2

R 2

EQU 1
EQU 4

END P4-1

3.12

Initialize Index Registers
Store K

Obtain First El enent
X

X

For m Pol ynoni al

In X

X

Step Coefficient
Test Reduced K
Store Partial Sum
For m Pol ynoni al

InY

X

Note that the a/sij/S s are
stored in the order a/s05/S,
a14° 84 323 213 4p3

- Ay fromlocation

A on.



3.13

United Aircraft Corporation

March 7, 1956

SHARE Assenbl er Operator’s Notes

(UA SAP 1 and 2)

Roy Nutt

Control panel requirenents:

SHARE 72 columm reader panel (1-72)
SHARE 72 col um punch panel (1-72)
SHARE 72-120 printer panel

Tapes:

If the library tape and both the off-line printer and the off-line reader
are used, three tapes are required, nanely

| ogi cal tape 1: input tape
| ogi cal tape 2: output tape
| ogical tape 3: library tape
Logical tape 1 is normally needed for either off-line or on-line input.
However it is not required if the synbolic deck is read twice by the on-line
r eader.
Logical tape 2 is not needed if off-line output is not required.

Logical tape 3 is not needed if the library is not used.

Sense swi tches

1 Up and 2 up: Input to both passes is fromlogical tape 1 (prepared
previously on the off-line reader or by an off-line reader
simul ator).

1 Down and 2 up: Input to the first pass is fromsynbolic cards read on-Iine.

Input to the second pass is fromlogical tape 1 which (with
this sense switch setting) is witten during the tlrst pass.

1 Down and 2 Down: Input to both passes is fromsynbolic cards read on-line.
Wth this sense switch setting, logical tape 1 is not used.

13.
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3 Up: Suppress on-line printing.

3 Down: Qutput is printed on-line.

4 Up: Any on-line printing is single spaced.

4 Down: Any on-line printing is double spaced.

5 Up: Logical tape 2 is witten during the second pass, in order

to permt later off-line printing.

5 Down: Suppress preparation of |ogical tape 2
6 Up: Suppress printing of library subroutines.
6 Down: Li brary subroutines taken fromthe library tape are printed.

Pr ogr am cont r ol

If necessary, nount the library tape as |ogical tape 3.
Set the sense switches as desired.

If the synbolic deck has been witten on tape, nount this tape as |ogica
tape 1 and |load UA SAP 1 followed by UA SAP 2.

If the synbolic deck is to be read on-line, place it between UA SAP |
and UA SAP 2.

It the synbolic deck is to be read again during the second pass, place
it also between the transfer card of UA SAP 2 and the two bl ank cards which follow.

UA SAP | St ops:

(437)8 HTR (400)8: Shoul d occur only during on-line reading of synbolic
cards (1. e.: sense switch 1 down). Indicates a card
punched with an illegal (non-Hollerith) character, or

a machine error while reading synbolic cards. Ready
the correct card in the reader and press start. The
card for which the stop occurred will be the third card
back in the stacker after running the cards out of the
f eed.

(1401)8 HTR (1372)8: End of file condition while readi ng synbolic cards
on-line. Ready renmi nder of deck and press start.

14.
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(1414)8 HTR (1372)8: End of file condition fromtape. Machine error or
no END card witten on tape. Reassenble.
(1543)8 HTR (1375)8: Synbol Tabl e has been filled. Assenble programin
smal | er sections.
(1641)8 HTR (1550)8: Li brary search failed twice. Press start to try again.
(2121)8 HTR (2116)8: Wong board in printer. Replace with SHARE 72-120

board and press start.

(2225)8 HTR (2330)8: Check sum for synbol table is wong. Probably nachine
error. Reassenble or press start to continue.

UA SAP 2 Stops:

(437)8 HTR (400)8 Shoul d occur only during on-line reading of synbolic
cards (1. e.: sense switch 2 down). Indicates a card
punched with an illegal (non-Hollerith) character, or

a machine error. Ready the correct card in the reader
and press start.

(1463)8 HTR (1454)8: End of file condition while readi ng synbolic cards
on-line. Ready renmi nder of deck in reader and press
start.

(1474)8 HTR (1454)8: End of file condition while reading tape. Either

machine error or no END card on tape. Reassenble.

(2466)8 HTR (2375)8: Library search failed twice. Press start to try again.

UA SAP 2 Transfer cards:

UA SAP 2 58 is the normal transfer card. It is used when standard SHARE
absol ute binary cards are to be punched.

If it is desired to punch relocatable binary cards, it is necessary to
replace the transfer card of UA SAP 2 by a correction/transfer card which nodifies
UA SAP 2 appropriately. This card is designated

UA SAP 2 58 (UA SAP 2 NQ

If it is desired to punch 24 words/card it is necessary to replace the
transfer card of UA SAP 2 by a correction/transfer card which nodifies UA SAP 2
appropriately. This card is designated

UA SAP 2 58 (UA SAP 2 EH)

Use of the synbol tabl e:

If it is desired to assenble a synbolic program which makes reference to
synbol s defined by a previous assenbly and the programto be assenbl ed defines no
synbol s defined by the previous assenbly (or in the case of duplicate definitions
the duplicated synbols are defined as the sane absol ute nunber) then the synbol
table fromthe previous assenbly may be used to provide the necessary references.

To acconplish this the synbol table is | oaded i mediately before the transfer
card of UA SAP 1 and assenbly is perfornmed in the nornmal way.

15.
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Op code For UASAP1

ACL ADD AND CARRY LOG CAL WCORD
ADD ADD

ADM ADD MAGNI TUDE

ALS ACCUMULATOR LEFT SHI FT

ANA AND TO ACCUMULATOR

ANS AND TO STORAGE

ARS ACCUMULATOR RI GHT SHI FT
BST BACKSPACE TAPE

CAC COPY AND ADD AND CARRY LOGQ CAL
CAD COPY AND ADD AND CARRY LOGQ CAL WCRD
CAL CLEAR AND ADD LOG CAL WORD
CAS COVPARE ACCUMULATOR W TH STORAGE
CFF CHANGE FI LM FRAME

CHS CHANGE SI GN

CLA CLEAR AND ADD

CLM CLEAR MAGNI TUDE

CLS CLEAR AND SUBTRACT

Ccom COVPLEMENT NMAGNI TUDE

CcPY COPY OR SKI P

DCT D VI DE CHECK TEST

DVH D VIDE OR HALT

DvP D VI DE OR PROCEED

ETM ENTER TRAPPI NG MODE

FAD FLOATI NG ADD

FDH FLOATI NG DI VI DE OR HALT
FDP FLOATI NG DI VI DE OR PROCEED
FvP FLOATI NG MULTI PLY

FOR FOUR

FSB FLOATI NG SUBTRACT

FVE Fl VE

HPR HALT AND PRCCEED

HTR HALT AND TRANSFER

| CD I NPUT - OUTPUT DELAY

LBT LOW CRDER BI' T TEST

LDA LCCATE DRUM ADDRESS



-2 -
LDQ LOAD MQ

LGL LOG CAL LEFT
LLS LONG LEFT SHIFT

LRS LONG RI GHT SHI FT

LTM LEAVE TRAPPI NG MODE

LXA LOAD | NDEX FROM ADDRESS
LXD LOAD | NDEX FROM DECREMVENT
MON M NUS ONE

MPR MULTI PLY AND ROUND

MPY MULTI PLY

VBE M NUS SENSE

MTH M NUS THREE

MTW M NUS TWO

MZE M NUS ZERO

NOP NO OPERATI ON

ORA OR TO ACCUMULATOR

ORS OR TO STORAGE

PAX PLACE ADDRESS | N | NDEX
PBT P BI T TEST

PDX PLACE DECREMENT | N | NDEX
PON PLUS ONE

PSE PLUS SENSE

PTH PLUS THREE

PTW PLUS TWD

PXD PLACE | NDEX | N DECREMENT
PZE PLUS ZERO

RCD READ CARD READER

RDR READ DRUM

RDS READ SELECT

REW REW ND

RND ROUND

RPR READ PRI NTER

RQL ROTATE MQ LEFT

RTB READ TAPE, Bl NARY



RTD
RTT
SBM
SI X
SLF
SLN
SLQ
SLT
SLW
SPR
SPT
SPU
SSM
SSP
STA
STD
STO
STP
STQ
STZ
SuUB
SVN
SXD
TI X
TLQ
™

TNO
TNX
™NZ
TOV
TPL
TQO
TP
TRA

- 3 -
READ TAPE, DECI VAL
REDUNDANCY TAPE TEST
SUBTRACT MAGNI TUDE
SI X
SENSE LI GHTS OFF
SENSE LI GHT ON
STORE LEFT HALF MQ
SENSE LI GHT TEST
STORE LOG CAL WORD
SENSE PRI NTER
SENSE PRI NTER TEST
SENSE PUNCH
SET SI GN M NUS
SET SI GN PLUS
STORE ADDRESS
STORE DECREMENT

STORE

STORE PREFI X

STORE MQ

STORE ZERO

SUBTRACT

SEVEN

STORE | NDEX | N DECREMENT
TRANSFER ON | NDEX
TRANSFER ON LOW MQ
TRANSFER ON M NUS
TRANSFER ON NO OVERFLOW
TRANSFER ON NO | NDEX
TRANSFER ON NO ZERO
TRANSFER ON OVERFLOW
TRANSFER ON PLUS
TRANSFER ON MQ OVERFLOW

TRANSFER ON MQ PLUS
TRANSFER



-4

TRANSFER AND SET | NDEX
TRAP TRANSFER
TRANSFER ON | NDEX HI GH
TRANSFER W TH | NDEX | NCREMENTED
TRANSFER ON | NDEX LOW OR EQUAL
TRANSFER ON ZERO

UNNORMALI ZED FLOATI NG ADD
UNNORMALI ZED FLOATI NG MULTI PLY
UNNORMALI ZED FLOATI NG SUBTRACT

VRI TE
VRI TE
VRI TE
VRI TE
VRI TE
VRI TE
VRI TE
VRI TE
VRI TE
VRI TE

DRUM

END CF FI LE

PRI NTER

PUNCH

SELECT

TAPE, Bl NARY

TAPE, DECI MAL

TAPE SI MULTANEOQUSLY
CRT

CRT
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