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1.1 EMMYXL

EMMYXL is an expression oriented, 1line-by-line assembler
language which provides a concise, straightforeward expression for
each possible EMMY operation, The two sides of each
microinstruction are coded by seperate expressions delimited by a
semicolon (";"). Conditional expressions are enclosed entirely in
parenthesis (that is, a CONDITIONAL T-op would be coded by
enclosing the entire instruction, both T- and A~side, in
parenthesis, A conditional A-op branch would be.coded by enclosing

only the A-side in parenthesis). See TN#74.

The syntax of the EMMYXL language is presented in a seperate
document (TN#74) and will not be repeated here. Some points will

be clarified and discussed.

1.2 Expressions

An expression 1is a sequence of identifiers and symbols
seperated by compile time operators (double operators, such as ++
or -~-). Expressions are evaluated left to right, More than two
terms in an expression may lead to unpredctable results, Note,

/

since expressions are evaluated right to left, the expression:
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8 -3+ 4
is evaluated to 8-=(3+4)=l, rather than (8~3)+4=9.

Expressions may appear as arguments of DC and EQU pseudo ops.

See TN#74 for a more detailed discussion,
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1.3 Multiply Step

Operation of the EMMY multiply step 1is described here,

Sample code for a 32 bit multiply is included in the Appendix,

The multiply step is coded as:

MUS (AF,BF)

where AF and BF are host register identifiers, A single multiply

step proceeds as follows:

1)

2)

The double length value obtained by concatenating the AF

register contents (placed in bits <63:32>) and AF @ 1
contents (placed in bits <31:0>) form the PRODUCT. Thus, the
AF operand specifies an even/odd register pair. Either the
even or the odd register may be specified, and it becomes the
high order 32 bits of the PRODUCT. The other register
becomes the low order 32 bits., (e.g., if AF is specified as
3, the product is REG[3]|REG[2]). (Note: the symbol @

denotes EXCLUSIVE OR).

The least significant bit of the product 1is saved, and the

product shifted right arithmetically by one bit, If OVERFLOW

was set (by the previous MUS), then the sign bit is inverted.
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3) If the least significant bit of the product was one (before
the shift), then the multiplier, obtained from REG[BF], is
added to the high 32 bits of the product, OVERFLOW is set or
reset as needed. If no addition is performed, OVERFLOW 1is

reset,

4) PRODUCT<63:32> 1is returned to REG[AF] and PRODUCT<31:8>

returned to REG[AF ® 1].

Since the érithmetic shift preceeds the addition of the
multiplier, an extra alignment step is necessary to properly align
the 64 bit result. Thus, when multiplying two 32 bit numbers, 33
multiply steps are required(‘or 32 multiply steps followed by a

right double arithmetic shift,.
Programming Considerations

1) Operands may be either positive or negative two’s complement

values,

2) When doing arithmetic on guantities of fewer than 32 bits,

post shifting of the result may be required,

/

3) The register specified as AF must be cleared to - zero before

the first MUS is executed. Register AF @ 1 must contain the
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multiplicand. Values should not be modified between multiply

steps.

4) After the required number of multiply steps, REG[AF] |REG[AF @

1] contain the 64 bit binary product.
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1.4 Divide Step

Operation of the EMMY Divide Step is described. Sample code

for a 32 bit binary divide is included in the Appendix.

The EMMY Divide Step uses a restoring division algorithm to
accomplish binary division of a 64 bit dividend by a 32 bit
divisor. The result after 33 divide steps is a 33 bit quotient

and a 31 bit remainder.

The algorithm’proceeds in much the same way as ordinary 1long
division, The divisor is subtracted from the high-order 32 bits
of the dividend, If the result is >= @, it replaces the
high~order 32 bits of the dividend. The dividend is then shifted
left by one bit, shifting in a low-order one if the subtraction
was successful (result replaced dividend<64:32>), or a zero if
unsuccessful (dividend<64:32> unchanged). After 32 divide steps,
the least significant bit of the dividend is aligned at the 1low
end of the high 32 bits of the dividend register (bit <32:32>).
One final divide step is required to calculate the remainder and
least significant quotient bit. This final step shifts the
remainder left by one bit however, kplacing the gquotient most
significant bit in bit <32:32> (the remainder now occupies bits

<63:33> of the dividend register),
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When processing very large binary numbers, the correct 33 bit

quotient and 31 bit remainder result following 33 divide steps.

Dividend
Register

Divisor
Register

(Result)
Dividend
Register

+——+

o+ —— 4+
i
i

w
[

S+ —— +

W+ —— +

—

+ - ————t
| Quotient (33 Bits) |
| l
+ - +
3 33 32 )

Remainder (31 Bits)

o+ —— +

EMMY Divide Step Operation

1)

2)

3)

Divide Step proceeds as follows:

Contents of Reg[AF] |Reg[AF &® 1] form the DIVIDEND and Reg[BF]

the DIVISOR.

DIVISOR is subtracted frgm DIVIDEND<63:32>, If the result is

>=@, it replaces DIVIDEND<63:32>.

DIVIDEND is shifted LEFT LOGICALly by one bit, If result of

step 2 was >=0, a one is shifted into the 1low~order bit
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position, otherwise if the result of step 2 was <@, a zero is

shifted in,

4) DIVIDEND<K63:32> is returned to ‘Reg[AF], and DIVIDEND<31:Q>‘

returned to Reg[AF & 1].

Programming Considerations

1) Reg[AF]|Reg[AF ® 1] initially contain the 64 bit dividend,

while Reg[BF] contains the 32 bit divisor,

2) Before entering any divide steps, be sure all operand values
are positive., Complement any negative values, remembering

which operands were complemented.

Note: dividend must be treated as a 64 bit 2°s complement
binary number. Sign bit is Reg[AF]<31:31>. It must be

complemented as a 64 bit number, not two 31 bit numbers,

3) Divisor value must not be zero.

/

4) 33 Divide Steps are required to divide a 64 bit dividend by a

32 bit divisor,
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5) After 33 Divide Steps:
Reg[AF]<@:0>|Reg[AF ® 1]<31:0> contains the 33 bit quotient
Reg[AF]<31:1> contains the 31 bit remainder
Since the quotient will rarely be greater than 32 bits, the
high order bit can usually be ignored, and Reg[AF] shifted
right logically by one bit to right align the remainder 1in

that register,

6) Divide Step is coded as follows:

DIV (AF,BF)

7) Overflow may occur if the number of significant bits in
DIVIDEND<63:32> is more than one greater than the number of
significant bits in the Divisor. (Quotient requires more than

33 bits). This condition will not be . detected by the

hardware,

8) For other than general case operands, fewer Divide Steps and

Some pre-~ and post-shifting may be used to accomplish

division.
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1.5 Branching and Conditional

The EMMY Processor contains two conditonally executed
instructions, one a T-op, the other an A-op. In each case, an
8-bit mask and 3 modifier bits are specified. The modifier bits

are denoted Vv, C, and S.

The mask and modifier bits dictate a test of either the

CCODES or ICODES of R#@.

The mask specification is used to select a subset of the
specified codes, ie CCODES or ICODES if S=@ or 1 respectively. A
code bit is selected for test if its corresponding mask bit is 1.

If the C bit is one, the subset of codes is inverted.

The V bit controls the sense of the test, If V=0, the test
will be true if any subset bit is true, otherwise the test fails,
If v=1, the test will be true if all subset bits are zero, and

false otherwise,

In summary, the mask is used to select a subset of the codes
specified by S. If C=1, the subset is inverted. The test is true
if V=0 and any subset bit (orKinverted subset bit if C=1) is oné,
or if V=1 and all subset bits (or inverted subse£ bits if C=1) are

zero, Otherwise, the test fails,

190



1.51 T-Machine Conditional

The T-op conditional controls the execution of the A-op
contained in bits <17:8>. If the conditional test specified
proves true, the A-op is supressed; if the test proves false, the

A-op is executed.

1.52 A-Machine Conditional

The A-machine conditional controls sequencing of
microinstructions, A conditional test is specified as well as a
4-bit value, VAL, If the test proves true, then VAL, sign
extended to 12 bits, is added to R@<11:8>, the microinstruction
counter, Foreward branches of up to 8 instructions beyond the
current instruction (RO + 7), or backward branches of up to 7
instructions prior to the current instruction (R - 8) are

possible,

Programming Considerations

1) Conditions which may be detected are "any selected bit one or

zero" and "all selected bits one or zero".
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2)

To build a conditional:

i)

ii)

iii)

iv)

v)

set S to specify ICODES (S=l1) or

CCODES (S=0).

set mask to select desired code bits

for T-op conditional, if you want
the A-op executed 1if any selected
bit is one/zero, set V=1, otherwise,
if you want the A-op executed if all
selected bits are one/zero, set V=0,
For the A-op branch, if you wish to
branch if any selected bit is
one/zero, set V=0, otherwise, if you
wish to branch if all selected bits

are one/zero, set V=1,

All mask definitions should be
referred to the T-side, as described
above, The assembler will make any
adjustments for "NOT" conditions and

A~-side branches.

If you wish to detect any selected
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bit one or all selected bits zero,
set C=@, otherwise, if you wish to
detect any selected bit zero or all

selected bits one, set C=1,.

2) A conditional mask is defined in EMMYXL by

EQUating a tag to a MASK function specified as follows:

<tag> EQU MASK (<mask>,<v>,<c>,<s>)

where <mask> is an absolute numeric value corresponding to
the desired 8 bit mask, ie 255 ==> B‘11111111° ==> select all
bits., <v>,<c>,<s> specify V,C,and S bits and must be either
one or zero, A mask function should not be coded directly in
a conditional, rather EQUate a tag to the function and use

the tag.

13



2.0 Crossassembler Operation

This section describes the use of EMMYXL as implemented under
IBM VSII. The actual assembler is currently written in ALGOLW,

but will eventually be converted to PL368.

2.1 Titles and Comments

Comments are coded by placing a period (".") prior to the
first character of text, This causes the assembler to ignore the
rest of the input card. This text 1is printed with the source
listing. 1In addition, blank lines may be included to improve the

readability of source lstings.

A page eject is indicated by a plus ("+") in cblumn 1. It
columns 2 through 61 are not blank, they become the new title and
are printéd at the top of all subsequent pages (until a new title
is defined). If no new title is indicated, the previous one, if
any, is printed,

2.2 Location Counter Control

All addresses processed by EMMYXL are EMMY bus addresses,.
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Thus, micromemory addresses are X FF@000° through X’ FFOFFF’, and
the host register file addresses X‘FF1000° through X‘FF1007°.
Main store addresses are currently X‘000006° through X‘@03FFF’.
The assembler can be used to initialize any location in the EMMY

system memory, including the registers and main store.

The assembler location counter can be set using the ORIGIN
pséudo op. The argument of the ORG instruction must be a valid
bus address or a symbol whose value is a valid bus address. All
tags attached to machine instructions are assigned the current
value of the location counter, which is, of cource, a bus address.
When coding a micromemory location as a literal, be sure to code a
control store address. (eg-to begin assembly at location X‘100°,

code ORG X ‘FFO100°).

2.3 Listing Options

By default, the assembler will produce a source listing
during PASS 2, This listing consists of a title, which contains
the 1language processor identifier and version date, a user
supplied title, and page number The title/page eject card is
discussed in section 2,1, Following the title are up to 55 1lines
of assembled source text, Column 1 contains an error flag, if

there was any error in that source statement, or a space, followed
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by the location counter value, which is an EMMY bus address. An 8
hexadecimal digit constant follows, representing the asSembled
object text. The card number and source text complete the line,
Comments and assembler directives are printed with blank 1location
counter and object text fields. EQU’s are printed with blank
location counter fields and the EQUated value in the object text

field.

The source listing may be supressed by including a "&NOLIST"
card anywhere in the source stream, This card in interpreted
during PASS1 and will prevent any source 1listing from being

produced.

Portions of a source 1listing can be supressed by coding
“&NOPRINT" card just prior to the point at which the 1listing
should be supressed, and placing a "&PRINT" card just prior to the
point at which the listing should resume, These cards affect only

the printed listing, not the assembled object text.

2.4 Code Generation
When the assembler directive "&CODE" is included in the

source text, the assembler produces an object text file consisting

of a bus address and text unpacked in ASCII representation of
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hexadecimal values, This object file is included at the end of

the assembler listing, preceeded by the title:

kkkkkkkkkx EMMY OBJECT LISTING **k*xkkkkk*
and several ASCII control characters for use in transmitting the
object text to the 1lab‘s Datapoint terminal, See Uniterm II

User ‘s Guide for details,

The default is to generate no object text file. A "&CODE"

card must be included if such an output is desired.

See Appendix C for listing formats and object text formats
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3.0 EMMY Simulator

The EMMYXL package includes a simulator program, whereby the
EMMY code assembled can be tested, Operation of the simulator is

the same as the actual EMMY,

When é "§SIM" card in included, and no errors occurred during
assembly, the assembled object code 1is 1loaded into simulated
control store, mainstore and host fegistefs. ~Microinstructions
are fetched from the location contained in.R0<11:ﬂ>. The starting
~oint for the simulation can be set by ORGing to R@ and defining a
constant equal to that address, or as an argument of the END

statement,

Simulation ends when the HALT bit becomes set, or an illegal
operation is attempted. At this time, a post execution dump of

micromemory and the host register file is printed.

When a "&TRACE" card in included, an instruction trace is
performed as the simuaton progresses, Each instruction cycle, the
microinstruction register and host registers are printed in

hexadecimal,

Default conditions are NOSIM and NOTRACE
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Appendix A Error Flags
Illegal A-statement
a) missing ")"

b) missing ";"

c) illegal syntax or operator (eg, missing "=")

d) missing expression or illegal "-"

"BLK" statement error

a) <abs> not > 0

Illegal constant

a) Hex constant specifies other than 0#-9, A-F
b) Octal constant specifies other than 0-7

c) Binary constant specifies other than #-1

d) illegal DC

a) illegal conditional

b) address not > @ in "ORG"

a) illegal END card

b) illegal expression

Insert/Extract error

a) specified field(s) can not be assembled into a legal

literal mask (see L flag)

20



illegal "MASK" function

a) missing " ("

b) <cmask> or <bmask> out of range (not >=#,<=255)
c) vV,C,S not # or 1

d) values not seperated by comma (",")

illegal literal
a) literal does not specify 16 bit constant zero or one
filled on right or left to 32 bits in expanded B-field

) literal out of range (not >= #, <=4095 in LOAD IMMEDIATE)
syntax error
a) composite operator illegally written (eg ":=" written
as ": =")
procedural error
a) literal out of range (lit not =>-8,<=7)
in branch, pointer mod
b) illegal conditinal in pointer mod

undetermined error

relocatability error

21



PASS2 LC not = PASS]1 LC - internal error has occurred

illegal T-statement
a) illegal syntax
b) illegal operator

C) ilegal operand
undefined symbol
illegal pointer mod after indirect access

a) other than CF to DF specified

b) illegal syntax (ie not "+" or "-")
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Appendix B Using EMMYXL

All necessary JCL to use EMMYXL has been included in the
cataloged procedure EMMYXL. The input specified must be a Wylbur
EDIT format data set containing all text and control cards, This
data set must be cataloged. If the name contains qualifiers (or
indicies, in SCIP terminology), that 1is, qualifying name(s)
seperated by period(s), it must be enclosed in single quotes 1in
the EXEC statement, Additionally, no qualifier may be longer than
8 characters, nor begin with other than an alphabetic character

(the same restrictions apply to simple names).

A GROUP and USER must be specified, reflecting the account
under which the source data set is stored. The source data set

must be cataloged

If the source text contains both wupper and 1lower case
characters, an uplow listing may be obtained by coding ",SYSOT=D"
in the EXEC statement (note the misspelling of SYSOUT). Only the
assembler 1listing will be printed uplow, so watch for two

listings.
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examples:

// EXEC EMMYXL,SOURCE=myfile,GROUP=gg,USER=uuu

file accessed is ‘WYL.gg.uu.myfile’, Listing is upper case only.
// EXEC EMMYXL,SOURCE=myprog.versl,USER=uuu,GROUP=gg

illegal ~ SOURCE ia a qualified name (contains special

character,".”") and is not enclosed in single quotes,
// EXEC EMMYXL,SOURCE=36femu,GROUP=gg,USER=uuu,SYSOT=d
jllegal - SOURCE contains qualifier which begins with numeric,
// EXEC EMMYXL,SOURCE=‘text.versl’,GROUP=gg,USER=uuu

file accessed is ‘WYL.gg.uuu.text.versl’, Listing is upper case

only,
The EMMYXL procedure executes two job steps. The first
UNPRESSes the EDIT format source and creates a card-image scratch

data set, which is PASSed to the second step.

The second job step reads the scratch data set as input to

the assembler., This data set is scratched at step termination,
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The original source, however, is kept.
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9¢

/ /MXEKUGTL JOB MXFSKUy YEMMYXL DZNGC',; TIME={0,5) Jos 1322
// EXEC EMMYXL,SCURCE=4NMULTDIV ' ;USSR=MXF yGROUP=KU C) 2. (:>Procedure call
XXEMMYXL  PROC  SOURCE=,GRCUF=,USER=,SYSUT=4A

o o 2o e ok A K A ) e ok A A R o ok kK RO R A O K R 3R R KR K A o ook ok kR ok ok

2% o ok Akl Ak 3ok o ok 0k ol ok ok K koK o o K Sk R ORI BR800 K R N XK R 8 3 o i ook skl okt ok ok ok ok ok

AR R ook g

®eHR K & EMMYXL 370 CROSS ASSEMBLER FUR STANFURD £MMY ok

L EE N R S *k %k

Fwkx ok x SOURCE IS A WYLBLR EDIT FURMAT DATA SET wHICH ek K

Bk Kk CCNTAINS SGURCE TEXT AND EMMYXL CONTKOL CARDSe. dok ok

LA ELER QUALIFIERS MUST BE <=8 CHARACTERS AND beGIWd WITH ok

kK & ALPHABETIC CHARACTER. ’ Aok K

kR R DATA SET MUST ALSO BE CATALQGED. Aok K

¥ ko k . Kk %

LEEEL L SYSOT IS SYSCUT CLASS FUR ASSEMBLER LISTING ok

*Rdkxkk kK

wkAk CCNSULTANT: WALTER WALLAGH *k %k

EEEATE AFFILIATION: CIGITAL SYSTEMS LAB-ELECT.ENGRe kK

* kxR K TELEFFCNE: (45)7-0377 *kx

*kkkk ¥ ACDRESS: ERL 222 Hek ok

Fokkox kK SUBMITTED: c3/11/7176 bt

222 28] EXPIRES: *kk

* A%kN k ’ sk
Tt R T S e T2 SR T 2

Ly R Ty T T s e e

XXUNPRES EXEC PGM=I0OPROGM

XXSTEPLIB CD CSN=SYS4.I0PFOGM.LIB,DISP=SHR @UNPRESS Step -unpress EDIT format text and create card image file

XXSYSPRINT CC SYSJUT=A

XXSYSPUNCH €D SY30UT=8B

XXIPUT OC DSN=WYL.EGROUF..ELSFRe«&SIURKCEDISP=SHR
IEF6531 SUBSTITUTION JCL — CSN=hYLeKUeMXF ¢MULTDIV,DiSP=8HR
XXgur eyt CD UNIT=SYSDA,SFACE=(3200+(3)+10))y01S5P=(NEW,PASS),
XX CCB=(LRECL=80,BLKSIZE=3200,RECFM=FB)
XXSYSIN DD DSH='WYLeD2.NZ27.CCMMAND?,DISP=SHR

IZF2361 ALLOC. FOR MXFKUO71 UNPREZS

TEFZ37I 168 ALLOCATED TO STEPLIB

IEF2371 D36 ALLOCATED TO SYSPRINT

1EF2371 D23 ALLOCATED TO SYSPUNCH

TEF2371 17C ALLJCATED TO INFUT

1%F2371 51F ALLCCATED TO CUTPLT

IEF2371 17C ALLOCATED TGO SYSIN

IEF1421 ~ STZP wAS EXECUTED - CCNC CODE 0000

XXEMMY EXEC PGM=EMMYXL ,PARNM=YPAGES=500,8i2E=148,TIME=30"
XXSTTPLIB LCC DSM=WYL.C2.NzZ7.EMMYXL.JOBLIB,DISP=SHR
XXSYSPRINT DD SYSQUT=ESYSOT

1EFE531 SUBSTITUTION JCL — SYSOLT=A

XXFTLOF0OO1 DD UNIT=SYSCA,SPACE=(3404,{125425)),DISP=(NEW,DELETE),
XX CCB=(RECFM=VBS,BLXSIZE=3404)

XXFTO5F001 ©D COMNAMT=SYSIN

XXSYSIN DD DSN=#,UNPRES.OUTPUT,DISP=(0OLD,DELETE)

//

13F2361 ALLCC. FOR MXFKUQTL1 ENMMY

1EF2371 17F ALLUCATED TO STEPLIE

ITF2371 €36 ALLOCATFD YO SYSPRINT

1EF2371 51& ALLOCATEC T0 FT10F001

1EF2371 51F ALLGCATED 7O FTC5fF001

IEC130I SYSIN DD STATEMENT MISSING

IEC130I SYSPUNCH DD STATEMENT MISSING

1EF1421 — STREP WAS EXSCUTEC - CCNC CODE 0000

(:)Assemble, then scratch card image file

s
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EMMY X L

0]

®

FFO000

FF0000

~  FF0001
~

NS W N —

3728776 EMMY XL cXAMPLE 1 FIXED POINT MULTIPLY <:>

@ 6COCE

3 gSI¥
4 ETRACE (:) ,
5
6 JREGIATZR DEFINITIONS ‘ |
7
60000000 8 NAR EQU RO
€0000002 9 XR QU R2
00000004 10 P EQU  Ré +DIVIDEND HIGH HALF
00C00005 11 Q ‘ EQU RS «DIVIDEND LOW HALF
00185907 12 s EQU R7 «DIVISOR
13
14 .PyQ ALSO FORM THE PRODUCT REGISTER (64 BITS)
15 .S IS ALSO THE MULTIPLICAND REGISTER, Q@ THE MULTIPLIER
16
17 JRG X' FF0000? «START AT LOCATION O
18 MULT:
19 ‘
20 .FIXED POINT MULTIPLY 32 BIT OPERANDS
21 :
22 JOPERANDS ASSUMED IN REGISTERS Q (MULTIPLIER) AND S (MULTIPL'ND)
- .23
0C134020 24 P =0 3 XR = 32 «CLEAR PRODUCT<63:232> SET ITERATION CTR
25
6FF220BF 26 MUSIP,S) 3 DEC XR (~<0 .=> MAR-1) ¢33 ITERATIONS
27
28 .

Language Processor Identifier and Version Date
User Title

Flag (none in this assembly)

Location (bus address)

Object Code (orbvalue, in the case of EQU, Mask)
Input Card Number

Source Text

PAGE

2.000
3.000
4.000
5.000
6.000
74000
8.000
9.000
10,000
11.000
12.000
13.000
14,000
15.000
16.000
17.000
184000
19.000
20.000
21.000
22,000
23,9000
24.000
25.000

264000 .

27.000
28.000

'®
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EMMY X L

FF0002
FF0003
FFO004

FF3J05
FF00Q06

FFOO007
FF0008
FFGOOS

FFOUO0A
FFO00B

FF200C
FFOOOD
FFOOOE
FFOOOF

FF0O10
FFOD11
FFJ012
FFOO13
FFOO14

FFOOL15
FFOO016

FFOO17

FFOO18
FF0019
FFOO1A

3/28/76

00000011

00000009

6D01F018
€D01C019
60010014

0AFC6001
18008000

€282800A

. 19020001

QOFET000

0AG00845
15020003

00BEEDVSO
00528060
32140001
3310€000

14080020
6CF2208F
52100001
C0478015
€0524000

€0278017
00B€5S000

180C€000

€0C0000D
FFFFFFFF
FFEFFF2A

SMMY XL EXAMPLE 2 FIXED POINT DIVIDE

«THE DIVIDE ALGURITHM WILL WORK WITH POSITIVE VALUES ONLY.
«THERZFORE, NE MJUST COMPLEMENT NEGATIVE VALUES AND KEEP TRACK OF
«WHICH VALUES> WERE CUMPLEMENTED. THE. REMAINDER MUST BE COMPLEMENTED
«IF THE DIVIDEWD WAS N&GATIVE, AND THE QUOTIENT COMPLEMENTED IF
+EITHFER THE DIVIDEND UR DIVISOR, BUT MOT BOTH, WERE MEGATIVE.

«ICCDE BIT <1:1> WILL INUICATc REMAINDER TO RE COMPLEMENTED, AND
«ICCDE BIT <J:0> INDICATE QUOTIENT TO BE COMPLEMENTED,

CCMPLREM EQU MASK( 290,051} «FLAG FOR REMAINDER
NEGT EQU MASK(1409291) oFLAG FOR QUOTIENT
s S = M(DIVISOR) «LCAD DIVISOR VALUE
3 P = M(CIVID1) «LDAD DIVIDEND HIGH HALF
s Q = Mm{DiviD2) «LOAD DIVIDEND LOW HALF
S =8 i ( NOT ZERU => MAR+1 ) «I1S DIVISOR ZERO?
MAR := MAR OR X*O00U008000°* «YES ~ HALT
{ POSITIVE => 3 MAR = % +¢ 3 ) .15 DIVISOR NEGATIVE?
MAR := MAR XOR X'00010000°* «YES - SET QUOTIENT FLAG
S = -~ 3 INC S «COMPLEMENT - IGNCRE OFL
P =P s (NUT NEGATIVE => MAR+5) IS DIVIDEND NEG?
MAR := MAR XOR X*'00030000° «YES INVERT QUOTIENT FLAG
«SET REMAINDER FLAG
Q = ~Q
P = =p +ONES COMPL
Q = Q+1 o« INCREMENT 64 BIT DIVIDEND
P =P +C+ O
XR 3= 32 +ITERATION CNTR
DIV(P,S) s DEC XR (-0 => MAP-1) 33 ITERATIONS

P> 1 « TRUMCATE QUOTIENT TO 32 8ITS
«AND LEAVE REMAINDER RIGHT JUST

( COMPLREM => ; MAR=%++#2) .MUST WE COMPLEMENT REM?
P = P i INC P «YES - IGNORE OFL

( NEGT => 3 MAR=%*¢+2) «HOW ABOUT QUOTIENT?
0 = =Q 3 INC Q «YES - IGNORE OFL

+MJW Q CONTAINS QUOTIENT AND P CONTAINS REMAINDER

MAR := MAR OR X*00008000* «HALT
CIVISOR: 0cC 13
DIVICIL: DC --1
Clvica: 0C --214
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31.000
32,000
33.000
34.000
35.000
36.000
37,000
38,000
39.000
40.000
41.000
42.000
43.000
44.000
45,000
46.000
47.000
48.000
49.000
50.000
51.000
52.000
53.000
54.000
55.000
56.000
57.000
58,000
59.000
60.000
61,000
62.000
63.000

65.000
664,009
67.000
€8.000
69,000
70.000
71.000
72.000
73.000
74 .000
75.000
76.000
77,000
78.000
79.000
80.000 .
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EMMY X L

FFL000
FFL000
FF1001
FF1004
FF1005
FF1006
FF1007
€00000

37287176

00000000
00600003
000080000
00600020
000C0000
0000012A

82

83

84
85

86 .

87
88

89

90

" 91

1

HOST REGISTER INITIALIZATION
«NOW INITIALIZE HOST REGISTERS

JRG X*FF1000Q°

0C X*-00000000° @ «RO: START AT LOCATION O .
BLK 3 +UNUSED REGISTERS

bl 45 «Q=REG - MULTIPLIER
DC 298 «S~REG MULTIPLICAND

D¢ 0
DC 0 «R=-REG NOT USED
END

Reset Location Counter to Host Register File

PAGE
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EVMMY X L

BUSY
CLRrEY
CCMPLREM
CivIDl
CIvidz
DIVISOR
HIGH

LCW

MAR

MLLTY
NECATIVE
NEGT

000D
OVERFLQOW
P

PCGSITIVE
<

RO
R1
R2
R3
R4
RS
RE
R7

S

S AME
XR
ZERG

0]

2/28/16

MASK
MASK
MASK
symse
SYMB
SYM™3
MASK
MASK
REG

" SYMB

MASK
MASK
MASK
MASK
REG
MASK
REEG
REG
REG
REG
REG
REG
REG
FEG
FZG -
REG
MASK
REG
MASK

@

0000000C
001300104
00J30011
QOFFLO9
QOFFOU1A
00FF001l8
0000C084

003¢ 0044

00006000
QOFEC000
0000C084
€0000009
00000014
0000C€02
00€00004
0INGO0A0
00000005
00006000
00006001
00306002
00G0003
00000004
00000005
00000006
00006007
00020007
€0000024
00000002
00000600

SYMBOL TABLE LISTING

EMMY Symbol Table

Tag or Name

Identifier Type :
value (in case of EQU, MASK, etc) or location (in case of Tag)

PAGE
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Appendix D Sample Object Code and Object File Format

EMMYXL will produce an object text file at the end of the source listing
if the assembler directive "&CODE" was included in the source. This file
consists of EMMY bus addresses and object text, unpacked into ASCII
representation of hexadecimal values. Thus, the hexadecimal value X'9C'
would appear as two ASCII characters "9" and "C" printed as part of a string
of such characters. These must be packed and converted to thier binary
equivalents before loading into the EMMY memory system. A loader program
is incorporated in the console debug program which accepts this object format,
performs the necessary conversions, and loads the text into the EMMY system.

Object text records consist of a six character address, preceeded by an
address identifier character ("@"). This is followed by up to 64 characters
of object text. Each object text record contains an address.

The object text is preceeded by two control characters, which are used to
control the tape unit of the Datapoint 2200. The Acsii "ENQ" is
interpreted by the Uniterm (r) program as "enable cassette" (X'2D'), and
enables data to be written to the front cassette unit. The second control
character, "DC-2" or "TAPE-ON" (X'12') actually begins writing data to the
cassette. '

Following the object text appear two control characters which are the
complement of the first two. A "DC-4" or “TAPE-OFF" stops writing data to the
cassette and writes the last record (purges the Datapoint buffer), and an
"EOT" (X'37') disables the cassette unit.

Object File Format

"ENQ" (xlzol)
"TAPE-ON" (X'12')
any number of object text records
"TAPE-OFF" (X'3C') .
"EOT" (X'37')
This follows the title "*¥k¥k¥kk¥kik*x EMMY OBJECT CODE *********x*x" jp the source
listing.

31



A%

Folokk kkxkk EVMY OBJSCT CNODE *dxskddxkiks

<Control Characters (unprintable) ¥

@FFO0000 OC13A0206FF220BFADD1F0186001C0L95001D01A0AFC6001183008000C283800A
aFFOJ0E 150200C1VIFETA00DAS00E421502000300B680600u9280603214000133100000
@aFF0010 149800206CF220BF52100001C047801500924000C02750170086500018008000
IFFO018 OCOCICCDFFFFFFFFFFFFFF2A .
aFF1000 0000000000300003000€000C0000030000000000000U002D000000000000012A

{ Control Characters (unprintable) $
ke END OF ASSEMBLY sk '
000.67 SECONDS ASSEMBLY TIME

NO STATEMENTS FLAGCGEC



€e

IR=
IR=
IR=
IR=
IR=
lx=
IR=
IR=
IR=
IR=
Ir=
ir=
IR=
Ik=
I’=
IP=
if=
IR=
Ir=
IR=
IKk=
IR=
IR=
Ir=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IF=
IR=
I’=
IR=
IR=
IR=
IR=
IR=
I8=
IR=
IR=
IR=
IR=
1R=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
irs=

IR=

2C13£020
5FF220BF
6FF2203F
6FF2208F
6FF2:0BF
EFF2208F
6FF2208BF
6FF2208F
5FF2208BF
6FF2208F
cFF2208F
6FF2208F
6FF2208F
5FF2208BF
SFF220BF
5FF220BF
6FF2208F
5FF220G3F
6FF2208F
6FF220RF
6FF2ZUBF
6FF2208BF
5FF2208F
SFF2208BF
6FF2208F

5FF2208F

6FFZ208BF
SFFZZORF
5FF2208F
6FF2208BF
6FF2Z0BF
6FF220BF
S5FF2203F
SFF2208F
6001F01"
6D01CO1S
60010014
0AFC6001
C2E380UCA
DAS0OR4S
Leazuaus
d0UBEBNE0
003528060
32140001
231000C0
1A0806J20
6CF2208F
6CFZ208F
SCF2208BF
6CF2208F
6CF220BF
6CF2208BF
6CF220BF
6CF2Z08F
6CF220BF
6CF2208F
6CF2203F
6CFZ208BF
65CF220BF
6CFz20BF

RO
RO
1N
FO
FrO
RO
RO
RO
RO
RO
i)
RO
RO
RO
RO
RO
R0

RC
RO
RO
RO
RO
kO
kO
RO
RO
RO
RO

RO

RO
RO
RO
RO
RO
RO
Ry
RO
RO
RO
RO
[V]
FC
RO
RQ
EO

KO
RO
£0
FO
3D ]
RO
RD
RO
FO
RO
RO
RO
RO

0V 02001
04COVO02
y4000002
040600002
04000292
U4Co0002
04000002
04000002
$40300032
04000002
0400U902
04C0u002
04C0CGoV2
04000002
04000002
04000C02
04000002
04C00002
QaJ00C02
04003002
640043002
04000002
04000002
04000202
C4000002
C4C0C002
€4000002
04002032
04030002
€4030002
04CI2002
04000002
04000002
04900092
C4000C03
C40000C4
04090905
64020006
£80000C8
8000008
5EJ00D0C
827230300
8403000t
C403000F
82030010
€4030011
82030u1l2
82030012
820320012
82030012
82030012
82030012
82030012

82030012

82030012
§2030012
82030012
82030012
820309012
82030012

R1
Rl
R1
K1
R1
R1
R1
R1
R1
Rl
R1
R1i
K1
R1
R1
R1
R1
R1
R1
R1
R1
R1
Ri
Pl
R1
&1
R1
R1
Pl
R1
R1
1

Rl
R1
R1
Rl
R1
]l
R1
R1
R1
Rl
R1
R1
R1
R1
Rl
R1
R1
R1
Pl
Rl
Rl
R1
Rl
R1
R1
R1
R1

0CuCc0QD3
0L0CCo03
03000003
CCCLoO03
a¢0coco3
CG30C003
€0GLC003
030GG003
000C0003
000C€0003
[ VD k]
CG0OCCGO3
CuCa0003
03CCQ003
00000003
0u0C0023
cCoeacCo2
GC0C0033
¢C0NCGov3
00000023
0003C002
€CCCco023
uoQeoons3
0303C003
000CC003
00026923
QC0CCn03
€0090023
000N0423
uNGCCo03
00000093
€G3300C03
63000093
(s AlVVIVV I
Gecceoons
GQ0130003
G00C0003
00000003
0C0JCA03
C0CN0093
00050003
00900003
00000003
CCCs0003
0C0C00032
¢03G00003
60010033
0CoCcco03
0C0ug003
¢C0C0003
C0JCC003
€C0u0003
0C310003
GC0GC0I3
000N0C0O3
000C0003
C0ouVQ00d3
00000023
0006003
€00C0003

Rz
Ke
ke
Rz
e
R2
Ke
R2
R2
Re
A2
V4
RZ
Re
Re
K2
K2
RS
Rz
Re
[ ¥4
RZ
RZ
K2
R2
k2
Re
2
K2
R2
Re2
Re
Re
ne
k2
Rz
n2
R2
e
R2
Re
ne
R
RZ
"
R2
RZ
Re
R2
Rz
R2
Re
ke
n2
Rz
R2
R2
R2
R2

‘v

PINBRIVIVE]
QUV0YVLY
QUUUUIVLF
[ NTIVIVERS
00UbVOLD
JuJuuulC
guouvuols
VOJUIILA
00V00U13
00uduvis
0090uul 7
Juvuuulo
FIVIVIIR VD )
000uuVl4
00000013
J00000312
[TV IVIVIVIS NS
JUJ0UVLI
QUUQIUOF
VDOUVJULE
0000VI0UD
0000uUC
30020008
DOVIUIVA
0 V0VOVLY
[FIH I NIVIVE:}
PR DIV 4
VNIV JTIVTY
IO IV
<0000V 04
¥3udlyu3
IV DTV P2
0 uoLUULL
Gouvguou
FFFFFFFF
FFFFFFFF
FFFFFFFF
FFFFFFFF
FFFFFrFF
FFFFFFFF
FFFFFFFF

FFEFFFFF

FFFFFEFF
FEEFFFFF
FFFEFFFF
FFFFFFFF
vulduvozy
0DIUIOLF
0UUVIVLE
QU0UIVLD
JaUdVVLC
00000018
00JY0IVLA
0UdUBILY
000uYVLa
0000017
0U0IV16
0U0LVOLS
0U0GJOL4
0000V0L3

R3

R3

R3

VUVVIDVY
[VR IV VTN
IRV
[PV IV IS IV IVEY)
09000000
003300
uwou003920
NV IVRIeTi V]
VUL0VOVY

5 QUU00OVD

00333300
[FDRIVE T IV
U0VUIVID
VO0U00UD
0u00I000
02003000
0u0uLo00
VIV I IV N
[IVTS STV T 4]
0UuLu000
99333000
0UGUVOLO
GOUdIV00
00GJIIIu0
ULULLDLY
DIV
0vUd00uUY
04032000
VJIG000
00uU030VO0
030VJ0V0
Wouuovo
00003000
0G5uy0v0
VUYUIVLO
uJuvo000
0UOUOU00
0Q00UV0Y
0U0d0000
[V BRIV
VBRI
[FI VIV LI Iv]
00000000
004323000
000Ju00u
0J0VI00U
[FRIVIN I e To10]
[SNEV I IVIVEe 1Y)
[PV RN R
[VIVIs IV To T VTVI¢)
0Jd0vu000
0000ud00
000VI0UY
02000330
[SVIERIVIZY]
[VAIIV VN TY)
JOUJJIud
020U0000
0J023000
V000000

R4
R4
RG
R4
R4
R4
R4
R4
R4
R4
R4
P4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R&
R4
R4
R&
R4
R&
R&
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
Ré
R4
R4
R4
R4
R4
R4
R&
R4
R4
R4
R4
R4
R4
R4
R4
R4
04
R4

Ré&

00000000
00000000
00000124
00000095
000001 74
000001 E4
00LVOOF2
00000143
000000D1
00000068
00000034
00000014
£000000D
00000006
00000003
00000001
00000000
00000000
00000000
00000000
09000000
06000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
FFFFFFFF
FFEFFFFF
FFFFFFFF
FEFEFEFF
FFFFFFEF
FFFFEFFE
FFFFFFFF
00000000
00000000
000003900
00000000
60000000
00000000
00000000
00000030
00000000
00000000
00000900
00000000
00000000
00000000
00000000
00000000
00000000

RS
RS
R5
RS
RS
RS
R5
RS
RS
R5
R5
R5
R5
RS
R5
R5
RS
R5
RS
R5
K5
R5
R5
RS
R5
K5
RS
R5
RS
R5
R5
RS
RS
RS
R5
R5
R5
RS
R5
RS
R5
RS
R5
R5
R5
RS
RS
R5
R5
R5
R5
RS
R5
R5
R5
R5
R5
R5
RS
RS

00000020
00000020
00000016
00000008
80000005
40000002
20000001
10000000
88000000
€4000000
62000000
31000000
18800000
8C400000
46200000
A3100000
01880000
68C40 000
34620000
14310000
00188000
068C4000
03462000
01A31000
00018800
0068C 400
00346200
00143100
00001880
00068C40
006034620
0001A310
00000188
00006 8C4
00003462
00003462
00003 462
FFFFFF2A
FEFEFF2A
FFEFEFF2A
FFFFFF2A
FEFFFF2A
00000005
000000D5
000000056
00000 CD6
00000006
00000 14C
00000358
00000 680
00300060
00001 ACO
00003 580
0000¢ BOO
00000600
0001AC00
00035800
00068000
00006 000
001AC 000

R6
R6
R6
Ré
R6
R6
R6
R6
R6
R6
Ré6
R6
R6&
R6
R6
Ré
R6
R&
rR6
R6
R6
Ré
R6
R6
R&
R6
R6
Ré6
R6
Ré
R6
R6
R6
R6
R&
R6
R6
R6
R6
R6
Ré&
R6
R6
Ré&
R6
R6
Ré
R6
RE
R6
Ré6
Ré
Ré
Ré
R6
R6
Ré
Ré&
Ré
Ré

00000000
G000C000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
c0020000
0G0d3000
0000n000
0001303000
00000000
00000009
00000000
00000000
00000000
00000000
00000000
000130000
00000000
00020000
00000000
00000000
00000000
00000000
00000020
00000000
00000000
00000000
00000000
00000000
00000000
00000000
003000090
00000000
00000000
00230000
00000000
00030000
00000000

00000000

00000000
00000000
00000009
00000000
00000000
00000000
00000009
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

R7
R7
R7
L
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
RY
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
RY
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7

00000124
0000012A
00000124
00000124
00000124
00000124
0000012A
0000012A
0000012A
00000124
000001.2A
0000012A
09903124
00000124
0000012A
0000012A
00000124
00000124
0000C12A
00000124
02000124
0000012A
00000124
0000012A
00000124
0000012A
£000012A
00000124
0000012A
00000124
0000012A
0000012A
00000124
00000124
00000124
00000000
00000000
00000000
00000000
0000C20D
00000000
0000CC0OD
00020000
00000000
00000000
0n03000D
06000000
00002000
00000000
00000000
00000000
0000000D
00000000
00000000

0000000D -

00000000
00000000
00000000
0000000D
00000000

©0E

JOVHL NOILONYLSNI

3 xitpuaddy

NNY NOILVINWIS 3dWYS



w
-]

IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=
ik=
IR=
IR=
IR=
IR=

6CFz20U8BF
$CF220BF

6CF2208F .
6CF2208F

SCF2208F
6CF2208F
6CF220BF
6CF2208BF
6CF2208BF
6CF2208BF
5CF2208BF

SCF220BF- R

6(CF2208F
6CF220BF
6CF2208BF
6CFZ2208F
6CF2208F
5CF2208F
6CF220BF
52100001
C0478015
00524000
£0278017
J8B65000
18008000

82030012
82036012
82030012
82030012
82030012
82030012
82030912
82030012
82039012
82030012

- 82030012

82030012
82030012
82030012
82020012
82030012
82030012
82030012
82030012
82030013
82030014
82030015
58030016
58030017
SA030018

NORMAL ENC CF SINMULATION

Rl
Rl
R1
Rl
Pl
R1
Rl
R1
R1
Al
Rl

R1:

Rl
R1
R1
R1
Rl
R1
R1
R1
R1
k1
R1
R1
R1

0000053
0C0C0003
¢C0C0003
CCaCco0a3
€00C€0Co3
go000003
0Qn000n3
0c0c00C3
003GC003
0CceCC0003
€20000903
000CC003
€oo0¢co03
GQ0C0d03
€C0090003
G000Ca03
©Cca00003
Q0CC0003
000C0003
000C0003
€00C0303
00000093
0060CC003
000C0003
€G0C0003

000.10 SECOMDS SIMULATION TIME

1 33 Multiply Steps
2 Result = X'3462' ="13,410 = 45*298

3,4 Load values for Division .
.Complement Dividend and set flag in RO

33 Divide Steps
Complement Quotient and Remainder

00uCe0Ii2
O0QUuUUll
L000L01Y
O0UBIIIF
QUIUIVOE
DUULUJ00

2 00JUJUUC

0v00VovL
0U0GU00A
Q0ULLILY
90900098
((VVIV VIV
000VUVLe
00030395
QUUULBULS
[(XVIV TV IV O V)
203duv02
[ARVIVNIVIVEV 3
00000000

. FFFFFFEF

FFEFFFFF
FEFFFFFF
FFFFFFFF
FFFFFFFF
FFFFFFFF

GOAUAIUE

3 YOLICUL

0Usuo2Le
000d3000
UJULIVUL
0000JV00
[ES IRV DIV
02 0U00U0

00033000 .

0OCLUUTY
Qu0LLLJ0
00GUVOLO
000uVa0e
0003000
VouUddLe
00000000
00003330
00002000
Q00V0000
03003000
VOVLAYGO
00000dUd0
Q00060000
0GGoJ000C
00023000

answer =-16.remainder -6

600000230
CoDBes o0
Q0300000
060000000
00000000
00000000
00000000
05000000

- 00000000

000000600
00000000
00000001
00000003
00000006
000C000D
00000000
00000091
06000003
00000006
0000030C
00000006
00000006
FEFFFFFA
FFFFFFFA
FFFFFFFA

32358000
J56BG0G0G
30DEG 00O
01ACC000
03580000
06800000
0D600000
1AC00000
35800000

6B000 000

06000000
ACQ00000
58000000
80000000
60000000
C0000001
80000002
60000004
¢0000008
00020010
0060C 010
¢0000010
00000010
20000010

FFEFFFFO

60Ga0aGa
GOCOo el
GOGGOO00
¢0G00000
00000000

0000000D .

cooo00co
00000000
00000000
00C00000
00300000
80000000
00000000
20000000
00000000
0 000e000
¢0000009
00000000
00000000
00000000
00020000

00000000

0000C000
00000000
000050000

R7 0CGGG00D
BT O0UC0000
RT Q0GG000D
/7 60000000
R7 ¢00G000D
R7 00000000
R7 00000000
R7 ¢00G000GD
RT 00400000
R7 00000000
R?7 Q¢000000D
R7 G0000COD
RT QCCO000D
R7 00000000
k7 00000000
R7 0C0OO000D
R7 00Q00C00D
R7 0000C00D
R7 0¢00CO0300D
R7 00000000
R7 00000000
R7 00000000
R7 0000000D
R7 00060C000

.R7 0000000D

®

®



RO= 8003801€ P1= D00CV003 R2= FFFFFFFF

6C0020
000008
000010
oogQoL 8

0C13A020
1902C€001
14C80020
00000C0D

*k%k EMNY MENORY DUMP %%k

6FF2208F
00FET000
6CF2208BF
FFFFFFFF

*kx END OF DUMP k%

000.78 SECONDOS IN EXFCUTION

Ge

€DC1FO18
0AS00845
52100001
FFFFFF24

R3= 02000000 R4= FFFFFFFA RS=

6001C049
19020203
C0478015
F8FBFBFB

60U 1D0LA

Q0868060 .
0u924000 .

FBF&FBFB

UAFC6001
00928060
€0278017
FBFBFBFB

FFFFFFFO R6=

18008000
32140001
00B65000
FBFBFBFB

C283800A
33100000
18008000
FBFBFBFB

* % % *

\

00000000 R7= 0000000D

OR ?M F Ma MP |

~P
LR 7R

€

*

a6

6

3 at

2

6p

B
3

* * K *



o <text>

+ [<text>]

<tag>
ORG <abs>

&NOLIST

&NOPRINT

&PRINT
&CODE

&SIM

&TRACE

Note:

Appendix F: CONTROL CARD SUMMARY

period followed by text - comments
ignored by EMMYXL

plus sign'in column 1 - page eject
text (if any) replaces user title at head of page

set location counter - <abs> must be EMMY bus address

supress entire source listing

turn off printing of that protion of source
following the &NOPRINT card

resume printing of all source text
produce EMMY object code

simulate assembled EMMY program if no errors

~occurred during assembly

all "&"

produce instruction trace during simulation

control cards and title card must begin in

column 1.
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