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1.1 EMMYXL 

EMMYXL is an expression oriented, line-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 TNi74. 

The syntax of the EMMYXL language is presented in a seperate 

document (TNi74) and will not be repeated here. Some points will 

be clarified and discussed. 

1.2 Expressions 

An expression is 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 eva~u~ted to 8~(3+4)~~, rathe~ than (8~3}+4=~~ 

ExpreS9ions, m~y, ~pp~ar (l.S ~rgu~.ents of DC and ~QQ p.seudo ops. 

See TNt 74 ~or q mo,r:~ Q:,etailed discussion., 
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1.3 Multiply Step 

Operation of the EMMY multiply step is 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) 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 

2) 

3, the product is REG[3] IREG[2]). (Note: the symbol ~ 

denotes EXCLUSIVE OR). 

The least significant bit of the product is saved, 

product shifted right arithmetically by one bit. If 

and the 

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 is 

reset. 

4) PRODUCT<63:32> is returned to REG [AF1 and 

returned to REG[AF ~ 1] • 

PRODUCT<31:0> 

Since the arithmetic 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 quantities 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 6) 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] IREG[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 long 

division. The divisor is subtracted from the high-order 32 bits 

of the dividend. If the result is >= 0, 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 low 

end of the high 32 bits of the dividend register (bit <32:32». 

One final divide ste-p is required to calculate the remainder and 

least significant quotient bit. This final step shifts the 

remainder left by one bit however, placing the quotient 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 

(Resul t) 
Dividend 
Register 

+-------------------------+-------------------------+ 
I I I 
I I I 
+-------------------------+------------~------------+ 
63 0 

+-------------------------+ 

+-------------------------+ 
31 0 

+------------------------+--------------------------+ I Remainder (31 Bits) I Quotient (33 Bits) I 
I I I 
+------------------------+--------------------------+ 63 33 32 0 

EMMY Divide Step Operation 

Divide Step proceeds as follows: 

1) Contents of Reg[AF] IReg[AF@ 1] form the DIVIDEND and Reg[BF] 

the DIVISOR. 

2) DIVISOR is subtracted from DIVIDEND<63:32>. If the result is 

>=0, it replaces DIVIDEND<63:32>. 

3) DIVIDEND is shifted LEFT LOGICALly by one bit. If result of 

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

shifted in. 

4) DIVIDEND<63:32> is returned to Reg[AF] , and DIVIDEND<3l:0> 

returned to Reg[AF e 1]. 

Programming Considerations 

1) Reg[AF] IReg[AF e 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]<3l:3l>. It must be 

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

3) Divisor value must not b~ 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]<0:0>IReg[AF @ 1]<31:0> contains the 33 bit quotient 

Reg[AF]<3l:l> 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 

Tight logically by one bit to right align the remainder in 

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 V, C, and S. 

The mask and modifier bits dictate a test of either the 

CCOOES or ICOOES of R0. 

The mask specification is used to select a subset of the 

specified codes, ie CCOOES or ICOOES if S=0 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=l, 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=l, the'subset is inverted. The test is true 
\ 

if V=0 and any subset bit (or inverted subset bit if C=l) is one, 

or if V=l and all subset bits (or inverted subset bits if C=l) are 

zero. Otherwise, the test fails. 
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1.51 T-Machine Conditional 

The T-op conditional controls the execution of the A-op 

contained in bits <17:0>. 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 R0<11:0>, the microinstruction 

counter. Foreward branches of up to 8 instructions beyond the 

current instruction (R0 + 7), or backward branches of up to 7 

instructions prior to the current instruction (R0 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) set S to specify IeODES (S=l) or 

CCODES (S=0). 

ii) set mask to select desired code bits 

iii) for T-op conditional, if you want 

the A-op executed if any selected 

bit is one/zero, set V=l, 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=l. 

iv) 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. 

v) If you wish to detect any selected 
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bit one or all selected bits zero, 

set C=0, otherwise, if you wish to 

detect any selected bit zero or all 

selected bits one, set C=l. 

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'llllllll' ==> 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. 
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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 PL360. 

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 is printed with the source 

listing. In addition, blank lines may be included to improve the 

readability of source lstings. 

A page eject is indicated by a plus ("+") iri column 1. If 

columns 2 through 61 are not blank, they become the new title and 

are printed 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'FF0000' through X'FF0FFF', and 

the host register file addresses X'FF1000' through X'FF1007'. 

Main store addresses are currently X'000000' through X'003FFF'. 

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 

pseudo OPe 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'FF0l00'). 

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 language processor 

supplied title, and page 

discussed in section 2.1. 

identifier and version date, a user 

number The title/page eject card is 

Following the title are up to 55 lines 

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 follo~s, representing the asSembled 

object text. The card number and source text complete the line. 

Comments and assembler directive~ are printed with' blank location 

counter and obj~ct te*t fields. EQU's are printed with blank 

location counter fields and the EQUated value in the object text 

fleld. 

The source listing may be supressed by including a 

card anywhere in the source stream. This card in 

during PASSl and will prevent any source listing 

produced. 

"&NOLIST" 

interpreted 

from being 

Portions of a source listing 

-&NOPRINT" card just prior to the 

can be supressed by coding 

point at which the listing 

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 

.ource text~ the assembler produce~ 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: 

********** EMMY OBJECT LISTING ********** 

and several ASCII control characters for use in 

object text to the lab's Datapoint terminal. 

User's Guide for details. 

transmitting the 

See Uniterm II 

The default is to generate no object text file. 

card must be included if such an output is desired. 

A "&CODE" 

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 a "&SIM" card in included, and no errors occurred during 

assembly, the assembled object code is loaded into simulated 

control store, mainstore and host ~egisters. Microinstructions 

are fetched from the location contained in R~<11:0>. The starting 

oint for the simulation can be set by ORGing to R0 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 tim.e, a post ex'ecution dump of 

micromemory and the host register file is printed. 

When a "&TRA·CE" card in included, 

performed as the simuaton progresses. 

microinstruction register and host 

hexadecimal. 

an instruction trace is 

Each instruction cycle, the 

registers are printed in 

Default condi tions are NOSI.M 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 0-1 

d) illegal DC 

a) illegal conditional 

b) address not > 0 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) 
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K 

L 

M 

p 

Q 

R 

illegal "MASK" function 

a) missing "(" 

b) <c~ask> or <bmask> out of range (not >=0,<=255) 

c) V,C,S not 0 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 >= 0, <=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 
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S PASS2 LC not = PASSl LC - internal error has occurred 

T illegal T-statement 

a) illegal syntax 

b) illegal operator 

c) ilegal operand 

u undefined symbol 

x illegal pointer mod after indirect access 

a) other than CF to DF specified 

b) illegal syntax (ie not "+" or "_H) 
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Appendix BUsing 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 is, qualifying name(s) 

seperated by period(s), it m~st be enclosed in single quotes in 

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 upper and lower case 

characters, an.uplow listing may be obtained by coding ",SYSOT=D" 

in the EXEC statement (note the misspelling of SYSOUT). Only the 

assembler listing will be printed uplow, so watch for two 

listings. 
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examples: 

I I EXEC EMMYXL, S.OURCE=myf ile ,GROUP=gg., QSER=uuQ 

file accessed is 'WYL.99.uu.myfile'. Listing i$ upper c~se only. 

II 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. 

II EXEC EMMYXL,SOURCE=360emu,GROUP=gg,USER=uuu,SYSOT=d 

illegal - SOURCE contains qualifier which begins with numeric. 

II EXEC EMMYXL,SOURCE='text.versl',GROUP=gg,USER=UUU 

f1le 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 t6 the second step. 

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

the assembler. This data set is scratched at step terminatton. 
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The original source, however, is kept. 
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IIMX=KU07l JOR ~XFSKU,'EM~YH Dct'O'rTIME=(O,5J JOB 1322 
II EXEC EM~YXL,SOUttCE=t~ULTDIV',US=R.=M)(F,GKuUP=KU CD 2. (j}Procedure Call 
XXEMMVXL PROC SOURCE=,GRCUF=,USER=,SYSGT=A 
***~t**********~*.~~*.*********.*****.*~ •• *.~* ••• **.****4c***** •• ******* 
*.*~*.***.*.*.***.****~.***.***~* •• ¥***~.~~~*~**.*** •••• **~** ••• *****.* 
.If*''''~'>!' 

***'1<" " * .. * .. ** 
*"'*"''''* ***.4<* 
.,,,*It-** 
***-«** ****** 
It***** 
****** *It*.** 
~***il* 
***"!t.ojC* 
*** .... * 
****** *.*.-* 
**li<Ii'.r* 
•• **It* 

FM~YXL 370 CROS~ ASSEMBL~R FUR ~TANFJRD tMMY 

SOURCE IS A wYLeLR EDIT FuRMAT DATA SET wHICH 
CCNTAINS SGUPCE TEXT AND EMMYXL CONTKOL CARDS. 

QUALIFlfRS, MUST BE <=8 CHAR6.: TERS AND &cGll'4 WITH 
ALPHABETIC C~~RACTER. 
DATA SeT MU~T ALSO BE CATALOGED. 

SVSOT IS SVSCUT CLASS FOR ASSEMBLER LlSTI~G 

CC~SULTAI'IT: 

A F F I LI A T I ON : 
TElfHCNE: 
ACDRESS: 
SUBP.~ITTED: 
EXPIRES: 

~ALT~R WAlLACri 
(IGITAl SV~TE~S LAB-ELECT.ENGR. 
(4<;)7-0317 
E~l ~22 
03/11/76 

*** 
*** 
**. 
••• 
*** *** * •• 
*** •• * 
•• * 
* •• 
••• * •• 
•• * 
**. * •• ••• ••• 

***********~********************.***** ••••• * •• **.****** •••••• *** •• ***** 
.*~*~******.**.*******.****.*.***.*.*** •• * •• * •• ***.* •• *** •••••••• **.**. 
XXUNP~ES EXEC PGM=IOP~OGM 

XXST~PLIB CD CSN=SVS4.IOPFOGM.lIB,DlSP=SHR (g}UNPRESS Step -unpress EDIT fonnat text and create card image file 
XXSVSPRINT CD SVSDUT=A 
XX~Y~PUNCH CO SV$OUT=B 
XXliVUT DC DS~=WYL.&GROLP •• tLSJ:R •• f..SJURCE,DISP=SHR 
IEFo531 SUBSTITUTIQN Jel - CS~=~YL.KU.MXF.MULTDIV,Dl~P=SHR 
XXOUTPUT CD UNIT=$VSDA,SFACE=(3200,(3l,lO).,DISP=(NEW,PASS), 
XX CCB=(LRECL=80,BlKSIZE=3~JO,RECFM=F8) 
XXSVSIN 00 OSN='WVL.D2.~27.CC~MAND·.DISP=SHR 
IFF236I ALLOC. FO~ MXFKU071 UNPR~S 
IEF~371 16E ALLOCATED TO STEPLIB 
IEF237I 036 ALLOCATED TO S~SP~INT 
IEF2371 023 ALLOCATED TO SVSPU~CH 
IEF237I 17C ALLOCATED TO INFUl 
If:F2371 51F ALLOCATED TO CUTPLT 
IEf2371 l7C ~LL'JCATED TO $VSIN 
IEF1421 - Sl2P ~~S EXECUT~D - eCNe CODE 0000 

XXEM~V EXEC PG~=EMMYXL,PA~~='PAGES=50J,SiZE=148,TIME=30' 
XXSFPLIB e.C DSN=WYL.C2.N27.=P'/IIVXL .• JOdLIB,DISP=SHR @Assemble. then scratch card image file 
XXSYSP~INT DO SVSOUT=&SVSOT 
IEF653I SUBSTITUTIQN JCL - SVSOll=A 
XXFT10FOOl DQ U~IT=SYSCA,SPACE=(3404,(125,25)),OISP=(NeW,DELETE), 
xx CCB=(~ECFM=V8S,BlKSIZE=3~J4) 
XXF T 05FOOl DO CDNAM~=SYSIN 
XX$VSIN DO DSN=*oUNP~ES.OUTPUT,DlSP=(OLD.DELETE) 
II 3. 
I~F2361 ALlGe. FOR MXFKL071 E~MY 
IEF237117F ALLOCATED TO STEPLIe 
rfF237I C36 ALlOCA 7 fD ~O SVSPPINT 
IEF2371 5lc ALLOCATED TO FTIOFOOl 
IEF2371 51F ALLOCATED TO FTC5FOOl 
IEC130I SVSIN DO STATEME~T MISSING 
IEC130I SYSPUNCH JD STATE~E~T MISSING 
IEF1421 - STr:P WA~ EX~CuTEC - CeNe CODE 0000 

x 
("") 

(./) 
):::0 
3: 
'"0 
r­
rr1 

rr1 
3: 
3: 
-< x 
r-
r--(./) 

--4 -::z: 
Ci) 
(./) 



E~MY X L 

CD 
FFOOOO 

FFOOOO 

FFOOOI 

3/28/76 

000000\10 
C0000002 
00000004 
OOOOOll05 
OOO~007 

OC13A020 

6FF220BF 

(j> 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 

~MMYXl cXAMPL~ 1 flxeo POINT MULTIPLY 

&COCE 
&SIft 
&TR~ce 

.ReGIAT~R DfFINITIO~S 

~AR 
XR 
P 
Q 

S 

EQU RO 
cQU ,.,.2 
EQU R4 
EQU k5 
EQU R1 

.OIVIDENO HIGH HAl¥ 
.01 V IDENO lOW HALF 
.DIVISOR 

.P, Q ALSO FORM TtiE PRODUCT ~EGI STER .( 64 81 TS) 

.S IS ALSO THE MULTIPLICAND REGISTER, Q THE MULTIPLIER 

JRG X· fF·OOOO· .START AT LOCATION 0 
"UtT: 

.FIXED POINT MULTIPLY ~2 BIT OPERANDS 

.OPERANDS 4SSUMEO IN RSGlSTE~S Q (MULTIPLIeR) AND $ (~UlTIPL'ND) 

P := 0 XR = 32 .CLEAR PRODUCT<63:32> SET ITERATION ·eTR 

MUS(P,S) DEC XR ',<0-) MAR-I) .33 ITERATIONS 

Language Processor Identifier and Version Date 
2 User Title 
J Flag (none in this assembly) 
4 location (bus address) 
5 Object Code (or value. in the case of EQU, Mask) 
6 Input Card Number 
7 Source Text 

PAGE 

2.000 
3.000 
4.000 
5.000 
6.0.00 
7.000 
8.000 
9.000 

1,0.000 
11.000 
12.000 
13.000 
14.000 
IS.QOO 
16.000 
11.000 
18.000 
19,.000 
20.000 
21.0.00 
22.000 
23.000 
24.000 
25.000 
26.000. 
27,.000 
28.000 



N 
00 

EMMY X L 

FF0002 
FF!)003 
FF0004 

FFJJ05 
FF0006 

FF0007 
FFQ008 
FF0009 

FFOUOA 
FFOOOS 

FFOOOC 
FFOOOD 
FFOOOE 
FFOOOF 

FFOOIO 

FF0011 
FF:>0~2 

FF0013 
FF0014 

FF0015 
FF0016 

FF0017 

FF0018 
FF0019 
FF001A 

3/28116 

00000011 
00000009' 

6001F018 
oi)01C019 
6001001A 

OAFC6001 
18008000 

C283800A 
19020001 
OQFE7000 

O~900845 

19020003 

0086£:060 
00928060 
32140001 
3310COOO 

1~080020 

6CF220BF 
52100001 

C0478015 
COS24000 

C0278011 
00Bf:5000 

1Boceooo 

COOOOOOO 
FFFFFFFF 
FFFFFF2A 

30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
~1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
13 
74 
75 
76 
77 
78 
79 
80 

~MMtXL ~XAMPL~ 2 FIXED POINT DIVIDE 

.THf. DIVIDE ALGuRITHM WILL wJRK WITH POSITIVE VALUES ONLY. 

.THEREFORE, ~E MJST COMPL~M~~T NEGATIVE VALUES AND KEEP TRACK OF 

.WHICH VALUE~ W~KE CuMP~cMtNTEO. THF.,REMAINDE~ MUST BE CO~PlEMENTED 

.IF THE DIVIOEI~D WAS NeGATIVE, AND THE QUOTIENT COMPLEMENTED IF 

.EIT~ER TH~ DIVID~NO OR OlVI~O~, BUT NOT BOTH, WERE NEGATIVE. 

.IceOE· BIT <1=1> wILL I/~uI('ATt: RFMAINDE=R TO BE CO~PLEMENTED, AND 

.IceOE BIT <:>:0> INDICATE QUOTIENT TO BE COMPlEMENTEO~ 

CCMPLREM 
NEGT 

EQU MASK,~,O,O,l) 

EQU MA~K'l,o,l.la 
.FLAG FOR REMAINDER 
.FLAG FOR OUOTIENT 

S = M(DIVISOR) 
P = M(OIVIDlJ 
Q = M(DIVID2) 

.tOAD DIVISOR VALUE 
.LOAO DIVIDEND HIGH HALF 
.LOAD DIVIDEND lOW HALF 

S := S NOT ZERO => MAR+l r .IS DIVISOR ZERO? 
~AR .- MAR OR X'L)OIJ08uOO' .YES - HALT 

( POSITIVE =>.; MAR = * ~. 3 
MAR := MA~ XOR X'U001JOOO' 

.IS DIVISOR NEGATIVE? 
• YES - SET OUOTIENT FLAG 
.CO~PlEMENT - IGNORE OFL S := ~~ ; INC ~ 

P := P ; (NOT NEGATIVE =) MARt5) .IS DIVIDEND NEG? 
MAR := MAR XOR X'00030uOO' .YES INVERT QUOTIENT FLAG 

.SET REMAINDER FLAG 
Q := -.0 
P := ~p 
Q • - Ot1 
P : = P tCt 0 

XR := 32 

DIV(P,S) 
P » 1 

COMPLRE'1 => 
p := -.p 

( ~~GT => 
Q := -.Q 

.ONES COMPl 
• INCREMENT 64 BIT DIVIDEND 

• n:ERATI ON CNTR 

DEC XR (,<0 => MAR-I) .33 ITERATIONS 
.TRUNCATE OUOTIENT TO 32 BITS 
.AND LEAVE REMAINDER RIGHT JUST 

MAR=.tt2) .MUST WE COMPLEMENT REM? 
INC P .YES - IGNORE OFl 

MAR=*t+~) .HOW ABOUT QUOTIENT? 
INC Q .YES - IGNORE OFl 

.~u~ Q CONTAINS ~UOTlfNT AND P CONTAINS REMAINDER 

M~R := MA~ OR X'00008000' 

CIVISOR: 
DIVIC1: 
CIVIC2: 

DC 13 
DC --1 
DC --214 

.HALT 

PAGE 2 

30.000 
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 
64.000 
65.000 
66.000 
67.000 
68.000 
69.000 
70.000 
11.000 
72.000 
73.000 
74.000 
75.000 
76.000 
77.000 
78·.000 
79.000 
80.000 ' 



Efot~y X L 3/28/76 HOST REGISTER 1 "'I T 1 Al. I ZA T! ON PAGE 3 

82 .NOW INI.TIALI ZE HOST REGISTERS 82.000 
83 83.000 

FF1000 84 JRG X' ff lOCHP (j) 84.000 
FFIOOO 00000000 85 DC X' OQOUOOOO' I.RO' START AT t,Q,CATIOft O. 85.000 
fFIOOl 000000'03 86 BLK 3 .U~OS£D REGISTERS 86.000~ 
fF1004 00000000 81 DC 0 87.000 
FF1005 00000020 88 i)C itS .O-REG - HUL TIPL IER 88.000 
FFI006 OOOCOOOO 89 DC 0 .R-REG NOT USED 8.9 •. 000 
FFI007 00000"12A 90 DC 298 .S-REG MULT I PlICANO 90.000 
coo 000 91 ~NO 91.000 

1 Reset Location Counter to Host Register File 



EtiMY X L 3/28/76 SYMBOL TABLE LISTING PAGE 4 

~USY ~ASK oooooooe 
C!;:~Y ~ASK 00:)00104 
CC"'PLRE~ MASK OOJ·)OOll 
CIVIDI SYr-1S OJFFOO19 
CIVID2 SVM8 O\)FFOOIA 
DIVIS OR SYto'S OOFFOO18 
HIGH M4SK OJOOC094 
LGW PlASK OOJ001J44 
M.!R R::G 00000000 EMMY Symbol Table 
MLLT SY~8 OOFFCOOO 
NEGATIVE ,.,I\$K 0000C084 
N~GT ~ASK COOOCOO9 Tag or Name 
000 "~SK 00000014 
OvERFLOW MASK 0000C602 2 Identifier Type 
p REG 00000004 
POSITIVE ~ASK OJOOOQAO 3 value (in case of EQU. MASK, etc) or location (in case of Tag) 
C RtG 00000005 
RO REG OOOOCOOO 
R1 REG 00000001 
R2 ~EG 00JOOO02 
R3 FEG OOCOOOJ3 
P.4 PEG 00000904 
R5 REG 00000005 
Rc f;EG 00000006 

w R1 P:G 00000007 
0 S REG 000·) 0001 

SAME MASK 00000024 
XI< REG 00000002 
ZERO .,ASK 00000600 

CD @ @ 





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 ("@II). 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 
contro 1 the tape uni't of the Datapoi nt 2200. The Acs i i "ENQ" is 
interpreted by the Uniterm (r) program as lienable cassette" (X ' 2D ' ), and 
enables data to be written to the front cassette unit. The second control 
character, "DC-2" or "TAPE-ON" (X'121) actually begins writing data to the 
cassette. 

Following the object text appear two control characters which are the 
complement of the first two. ~ IDC-4" or "TAPE-OFF" stops writing data to the 
cassette and writes the last record (purges the Datapoint buffer), and an 
"EOT" (X ' 371) disables the cassette unit. 

"ENQ" (X'2D') 
"TAPE-ON"(X 1121 ) 

Object File Format 

any number of object text records 
"TAPE-OFF" (X ' 3C ' ) 
"EOT" (X ' 371) 
This follows the title "********** EMMY OBJECT CODE **********" in the source 
listing. 

31 



W 
N 

****** ••• * E~MY OBJ:CT C~DE .~.**.***4 

<Control Characters (unprintable) "> 
@FFOOOO OC13A0206FF220eF6001F018fDOIC019~DOIDOIA~AFCbOOlla008000C283800A 
@FFOJOS 1 <;020UO lu()fE 7uOOOA <;OOE4 5190200030 OB680600u'i-': 8060~21400013 3100000 
iilFFOOIO 1A080020cCF220BF52100001C04780150092'tOu\)CO~7SIJ1700B6500018008000 
~FF0018 OCCCJCCDFFFFFFfFFFFFFF2A t 

aFF1000 0000000000000003000COOOCOOOOOOOu0000000000000020l00000000000012A 

<:Control Characters (unprintable)~' 

*** ~NO OF ASS~~eLY *** 
000.61 SECONDS ~SSEM6LY TI~E 

NO STATEMEt\TS FLAGGED 



IR= JC 131.020 RO 000:)0,)01 Rl OCl)(;OOO3 R~ JO.JJJOu-, k3 pUOJJOiJU R4 00001)000 P5 00000020 R6 00000000 R1 0000012~ 
IR= 5FF220BF PO 04CJu002 Rl 0(';OCCIJ03 K£ uOOO\)O~u R~ OJUuJOOO R4 00000000 R5 00000020 P6 00000000 R7 0000Ol2A 
IP= 61=F2203F f\O 1,)4000002 Rl OuOOOO03 kt. u~hhJliu~F rL~ OvuJ3JuJ R4 OOOOO12A R5 00000016 R6 00000000 R1 OOnDOl2A 
IR= 6H2203F 1'0 04(,;00002 f\l CCCCOOO3 r.L OOvUU~1':: K~ ullOv'-liHhJ R4 00000095 P.5 OOOOOOOB R6 00000000 07 00nOOl2A 
I R= 6FF2,Oe F ro 0400(\002 Rl OCOCOCJ3 i\~ uOuuuulD i\.~ OJui)O(JuO R4 00000174 R5 80000005 R6 00000000 R1 OOOOO12A 
1,,= HF220BF RO 04000002 Rl 00000003 R2 uIJJuu.JIC K3 O •• hJi)JJOJ R4 000OO1E4 R5 40000002 R6 00000000 R7 OOOOOllA 
IR= 6fF2208 F RO 04000002 Rl COCC.C003 ~2 0000U018 R:; OulJOOOOu R4 000000 F2 R5 20000001 R6 00000000 R7 OOOOOllA 
IR= b FF22081= KO 04('00002 Rl 00000003 R2 lJOJUJJlA R3 OuuJOOJO R4 0OOO01A3 1<.5 10000000 R6 00000000 R1 OOOOO12A 
IR= 5FF22J8F PO C4!)-)Ul1 J2 Rl 00000003 Rl OOOOOU19 k3 OuuOOOOO R4 00000001 R5 88000000 R6 00000000 R7 0000012A 
IR= bFF220BF RO 04000'.)02 Rl OOOC0003 R2 uOu~LJJ18 R3 uuuO(JOuO R4 00000068 R5 C4000000 R6 0001)1)000 !H OOOOOl2A 
If.= tFF220BF P.O 040(11)',)02 Rl 00000i))3 ~2 OOJOLJ:J17 R3 OJjJJJJJ R4 00000034 P5 62000000 R6 000,10000 R 7 OOOOOl2A 
If'= 6F~220aF .'<.0 04(;0iJ002 rn CGOCCG03 [,' iJuuuvu10 R3 u.););)JOOO P4 OOOOO'J 1A R5 31000000 R6 00001)000 R7 0000Ol2A 
I~= 6 FF220a F PO 04000002 !U OuOOOO03 R2 iJuuUJlI15 K3 UOlJu;)I..IOJ R4 00000000 R5 18800000 R6 000,)00;)0) R7 01)000124 (f) IF.= 6FF220BF RO 0400JJ02 Rl QOCCOOO3 Kt. OOOuv014 R~ uOO~OOuO R4 00000006 P.5 8C400000 R6 00000000 R7 OOOOO12A 
I~= 5 FF220B F RO 04000002 Rl 00000003 1'.2 JOOOO"13 R3 OuOO;)Ollu R4 00000003 R5 46200000 R6 0000000) R7 OOOOO12A 
I?= 5FF220BF RO Q"OOOG02 Rl 0"0000J3 R2 JUOOOJ12 R3 OJOJ')JJO R4 00000001 R5 A310000:l R6 00000000 R7 00OOO12A 
I~= 6i=F220BF ~O 04000002 R1 OCOCOC03 k2 CJOu.JvOll R3 uUOUOuOO R4 00000000 R5 D1880000 Rb 00000000 R1 00OOOl2.~ 
IR= 5FF22031= ;;'0 04(;OOU02 Rl OCO~OOJ3 K.i: JuiJUUu.i.J R3 U~lJuJOOJ R4 00000000 R5 68C40000 R6 00000000 R7 OOOOOlZA )::a 

IR= 6FF220BF RO O<tJ()(JC02 Fl.l 000000':>3 R<:: OuuuJvOF ~.;) OuOo)i)uO() R4 00000000 R5 34620000 P6 00000000 R7 OOOOe12A "'C 
"'C 

I~= 6FF220RF RO 0400:)002 Rl 00000003 RZ OOu~~UOE R3 Ouuu..,OOU R4 00000000 R5 1A310000 F6 0000000:) R7 000Q012A (I) 

IR= 6FF22uBF RO 040il0002 Rl 00000003 k2 OOOiJJOJD '{3 ullJJlOOO R4 00000000 R5 00188000 R6 000;)0000 R7 0'.)00012A 
::;, 
0... 

IR= 6FF220BF PO 04000002 Rl CCOCOOO3 R2 OOOOuuOC R3 OUuuuuuO R4 00000000 R5 068C4000 R6 00000000 R7 0000012A -'. 

IR= 6FF220ElF RO 040JOO02 Rl 110000003 1\2 ~OOJaOJB R3 OOIJJJIlOO R4 00000000 R5 03462000 R6 OOOJOOOO R7 oaOOO12A >< -B= SFF220BF 1<0 0401)0102 iU 0000C\)">3 R2 OOJJLlJu~ fd OOuJJJuO R4 00000000 R5 01A31000 P6 00000000 R1 OOOOOllA :z m 
V) ! F,= 6FF220oF 1<.0 C4000002 Rl .0\)00C003 R2 0")00)01109 ",3 UJUUJUUIJ R4 00000000 R5 00D18800 P6 00000000 P7 0000012A -t 

IR= 6FF220BF RO C4C00002 Rl 000(00)3 R2 uuJ;jJ~lJ3 1\3 OJJJJ:lJJ R4 00000000 R5 0068C 400 R6 00000000 R7 oaOOO12A ;;0 
c: V) 11\= 6FF2208F RO (;4000002 Rl 000(;(;003 xi j OtJuu-,u7 lb OiJ0JOO\Ji) R4 00000000 R5 00346200 R6 00000000 R7 COOOO12A ("") )::a 

IR= ~~F2,O~F RO OftOiJOOn Rl 0000(0)3 ;"2 JilJlJJIJJ6 id OJOJJOOO R4 00000000 R5 00lA3l00 R6 00000000 ~7 00OOO12A -t 3: - " w IR: 6FF220BF RO 040:.)1)\) :12 PI OOOOOIli)3 K2 UIiJJiJj)05 R3 O.JJJjOilO R4 OOOOO()OO R5 00001880 R6 00000000 R7 0000012A 0 .-w 
IR= 6FF220Bc RO 040JOO02 nl uiJOGC003 1\2 ;; vOOOJO'+ ,,3 OO~O;)OuO R4 00000000 R5 00068C40 R6 00000000 R7 0000012A :z m 
Ii\= 6FF22QB F RO 040J~)c)02 Rl 000)00(1')3 k2 IJOvOJl)o3 1(3 (JilOIlJuuO R4 00000000 R5 00034620 R6 00000000 R1 ooooel2A -i V) 

11:.= HF2£OAF RO 04000002 Rl oooaOC03 ;.;.~ uOuOINO, R3 {'OuuuOOO R4 00000000 R5 OOOlA 310 R6 00000000 R7 0000012A ;;0 -)::a 3: IF = 6FF220~F RO 040000',)2 Rl OOOOOO!l3 R~ UOOiJuuO.L R3 OOJJ:HJ':'U R4 00000000 R5 00000188 R6 00000000 R7 000D012A ("") c: 
IF.= 6FF220!".F RO 04 JO ,1:')\) 2 R1 CIlO000ll3 1,2 OilJuJlJuv R3 uGJJJDJO R4 00000000 F,5 00006 eC4 R6 00000000 R7 00OOO12~ m .-

)::a 
I:~;: 6uOlF01~ RO 040;)0(03 Rl GCCCOO,)3 1<.2 FfFFFFFF R~ uOulJJJOO R.4 00000000 R5 00003462 R6 OOOOOODO F.7 00nOOl2A 

@ 
-i 

IR= 60011:01<; F.O 04000CC4 Rl 000;)0003 i{2 FFFFFFfF R3 IJ.JUOiJOOO R4 00000000 R5 00\)03462 R6 OOOOOOO() R7 OOODOOOO 
1-1 

0 
IR= 60C100lA !<u 04\.1')0\)05 iU cooooa03 1(2 FFfFFfFF R.j UiJOOOuOO R4 FFFFFFFF R5 00003462 R6 00000000 R1 00000001) :z 
IR= OAFC6001 PO 040)0006 Rl 00000003 R2 FfFFFFfF R3 OOOOOJOO R4 FFFFFFFF R5 FFFFFFlA R6 00000000 R7 00000000 0 ;;0 
IR= C 2S3eOCA RO SBO,JOnCs :u OCOJCJJ3 i .. ~ FFFFFr=FF R.3 O\JuilOIlOO R4 FFFHFFF R5 FFFI=F F2A R6 ooo~oooo R 7 00000000 c: 

:z IP: :>A9CO 84 5 KO 88Q('OOOe P.l CCC!}OO·)3 R2 FFFFFFFf ,\3 OUJJJuUU R4 FFFFFFFF R5 FFFFFI=2A R6 0001)0000 R7 ooooeooo 
I~= l C l12uJu3 f".0 SEJ0000C in OO(),\OO,)3 Ke:. F fFFFFfF t<.3 uU:JuOuull R4 FFFFI=F FF R5 FFFFF r:ZA R6 OOO;)t)ooo R7 ooooonOD 
I R= 00B681)60 r0 8Z(l3())OO Rl (lOJOOOO 3 1~.2 F FFFFFFF ;-.3 (JOulJJuOO R4 F FFFcFFF R5 FFFFFF2A R6 00000000 R7 ooooeOOD 
I~= 00«;28060 FO 8A03000l: Rl OCOOOO03 ii.2 i=FfFFFFF R3 OOJOQO.)O R4 FFFFFFFF R5 00000005 R6 00000000 R7 00000000 
I~ : 321400J1 RO 0403000F P.l OOOJOOO3 R2 F FFFFFFF R3 OOJJlJJO R4 00000000 R5 00000005 R6 OOOOOOO() R7 00000000 
IR: 33HOOCO f;.0 82030010 r<1 OCOOOO03 i<.2 F FFFFHF R3 OJOJ.JOOu R4 00000000 R5 00000006 R6 00000000 P.7 00000000 (9 
Ii'= lAO'30J20 Fa C4030011 Rl oooooo:n R2 FFFFFFfF R3 OJ\JJ.Juuu R4 Oooo()noo R5 00000006 Rb 00000000 R7 00000000 
IR= 6CF220BF RO 82030u12 Rl OO\JCOD.J3 1\2 uU(H.hJu2J id lJJuJJOOu R4 00000000 R5 00000006 R6 00000000 R 7 00000000 
IR= 6CF220BF 1'.0 82030:,)12 Rl aCOOCOQ3 R, O.JJuJL)lf iO OI1JJIJuJi.l R4 00000000 R5 OOOOOgC R6 0000000:> R7 ooooaool) 
IR= 5CF22,)8F 1=\0 82J30012 Rl OCOIJOOJ3 i\2 OiJuJJiJl:: R3 OJJJJJJll R4 00000000 P.5 00000358 R6 00000000 P.1 00000000 
IF.= 6CF2208F F,O 82030012 Rl CCOCOOO3 R2 OuOuJulD R~ OuOuOuuu R4 00000000 R5 00000680 R6 00000000 ~1 00000000 
IP= 6CF2208F PO 82030:)12 iU COJCOOO3 R2 JO(jJJ~lC R3 ullUiJJOOIJ R4 00000000 R5 00JOOO60 R6 00000000 R7 00000000 
IR= 6CF220BF Po.) 82030012 P.l CCO(lOOO3 :\£ OilJJJIll.B ~~ OOOOuOOO R4 00000000 R5 OOOOlAeo R6 00000001) R1 00000000 
IR= 6CF220B ~ RO 82030012 R1 OOJr.OO03 k2 OOIJOJJIA R3 OOuuJOlJu R4 00000000 R5 0000358il R6 00000000 R7 00000000 
IR= 6CF2,OflF RO 82030J12 Rl OCOCOOJ3 ,,2 OJJIJJJ1.9 K3 OJOJJJ;)!) R4 OODOO~)OO R5 00006 BOO R6 00000000 R7 00000000 
IP.= 6CF2208F RO 820:;0012 R 1 OOOOCOJ3 R2. OOOIJJJ18 k" ouOUJOuu R4 00000000 R5 00000600 R6 00000000 R7 00000000· CD If:.= 6CF220BF PoO 82030012 Rl 000C0003 h2 uJOQJU17 il.3 uJUUOiJJO R4 00000000 R5 DOO1ACOO R6 00000000 R7 00000000 
IR= 6CF220BF RO 82030:)12 Rl CO~OOuJ3 R2 OuOOJ016 R3 .JJ I.i iiJ 0", ° R4 00000000 R5 00035800 R6 00000000 R 7 00000000 
IR= 6CF220B F ~O 82030012 Rl 000000'.)3 11.2 00;)OllO15 a3 OJOOOOOJ R4 00000000 R5 0006BOOO R6 00000000 R7 00000000 
lP.= 6CF220BF F.O 82030012 R1 00000003 ~2 O\)Oc'hWlIt k3 OJOJJ~OIl R4 00000000 R5 00006000 R6 00000000 R7 OOOOooOD 
IR= 6CF~20B F RO 82030012 Rl 000C0003 R2 OOOOOOU IU uooooooo R4 00000000 R5 OOlAeOOO R6 00000000 R7 00000000 



IR= 6CF220BF RO 82~30012 PI OOOCOOO 3 r{~ 00\100J12 K~ OOf.)uJJuQ R4 000001100 R5 00358000 R6 OOO(lOOOJ R1 OOQOOOOO 
IR= 6CF220BF RO 8203(;012 R1 OCOC0003 f\Z OOOU0\Jll 1(3 UUUUJOUU R4 OOOCaG!)\) R5 00680000 R.c;. 00(:08 GCO R! r.OO(,'IJOOD 
IR= 6CF220BF FO 8,030012 Rl 000(0003 R2 (JOOOJJlo ~3 0\)0000UO R4 ODrJOOOOO R5 00D60000 R6 00000000 ROc 00000000 
IR= bCF220BF ~O 82030() 12 P.l CCilCOOJ3 R2 OOU\l JJJF R3 O(h)JJOOO R4 00000000 R5 OlACOOOO P,6 00000000 ~1 00000000 
lR= ~CF2209J: RO 82030012 PI coocoe03 K2 OuJu.)uoE R3 0.1 UO :.'1) J 0 ~4 00000000 R5 03580000 R6 00000000 R1 00000000 
IR= 6CF220BF PO 82030012 Rl 00000003 Rl o viJOiJJOL) R3 OOuUJOOO R4 00000000 R5 06BOOOOO R6 00000000 R1 00000000 
I R= 6CF22J6F RO 82030012 F.l OilOOOOfl3 R2 OOjUJuoC ,(3 OvuOiJU~O R4 000'00000 R5 OD600000 R6 00000000 R1 00000000 
lR= 6CF220BF RO 82030012 R1 0(;0(;OOC3 k.2 o UOOuOiJS R~ u",OuiJO()O R4 00000000 R5 lACOOOOO R6 00000000 R7 00000000 
IR= 6CF220BF RC 8203\)012 R 1 0000C003. Fr.2 OOJO()OOA R3 OOOOJ\lJO.R4 00000000 ~5 35800000 R6 00000000 R1 00000000 Q) IR= 6CF220BF RoO 82030012 "1 OCOC0003 K2 OOOvuJu'# R~ 00000000 R4 00000000 1\5 6BOOOOOO R6 OOCOOOOO ~7 00000000 
IR= ~CF220BF RO 82030012 P..1 00000003 R2 UOJOOOJ8 R3 uOOuJllOO R4 00000000 R5 06000000 R6 0000000;) R7 00000000 
IR= SCF220BF FI.O 821)30012 P.l. 0000C003 R2 OO~\JJOO 7 R~ OOOOUooo R4 00000001 R5 ACOOOOOO R6 00000000 R7 00000000 
IR= 6CF220BF ~o 82030012 R1 COOCC003 R2 OOOuO\.l06 R3 OOOJUOOO R4 00000003 R5 58000000 R6 00000000 R.7 00000000 
IR= 6CF220BF RO 82030012 Rl oooe0003 R2 OOOOOJOS k3 OtlOJ)()OO R4 00000006 P.5 80000000 R6 00000000 ~7 00000000 
IR= 6CF220BF RO 82030012 R1 C0000003 R, o uOoOO04 R,3 uo",uoooo R4 00000000 R5 60000000 R6 00000000 R7 00000000 
IR= 6CF220BF RO 82030012 R1 000()C003 R2 OvOUIJUu.:S f<.~ (JOOOOOOO R4 00000000 R5 COOOOO01 P.6 ooaooooa R1 00000000 
IR= 6CF220BF RC 82030012 Rl OCJ00003 R2 OOOJJ002 R3 OJOJJJOO R4 00000001 R5 80000002 R6 000000'00 R7 0000 coon 
IR= ~CF220BF RO 820300 12 ~1 oooe0003 K2 o UJ.J!JvOl j{3 OOOLJJllOO R4 00000003 R5 00000004 F.6 00000000 R7 OOOOCOOO 
lR= 6CF220BF RO 82030012 Rl 00000003 R2 ouoooooo R3 uOO~OOOO R4 00000006 R5 00000008 R6 00000000 R1 00000000 
IR= 52100C01 RO 82030013 Rl 000e0003 R2 FffFFFFF R3 OJOOl~JO R4 OOOOOOOC R5 OOO~OOlO R6 00000000 R1 00000000 
IR= C0478015 RO 82030014 Rl COOCOJ03 R2 FFfFFFFF R~ uoouOIJOO R4 00000006 R5 00000010 R6 00000000 Rl OOOOooOD 
IR= 00;24000 f20 82030015 R1 00000003 R2 FfFFFFFF R3 <lOOOilOlO R4 00000006 R5 00000010 R6 0000'0000 R7 00000000 
If<.= C0278017 PO 58030016 R1 000C0003 R2 FFfFFFFF ;\3 OOl)OOOOu R4 FFFFFFFA R5 00000010 R6 00000000 R1 00000000 
IR= l0865000 RO 58030017 ~l 00000003 R2 FFFFFFFF R~ 00000000 R4 FFFFFFFA R5 00000010 R6 00000000 R7 00000000 C9 IR= 18008000 RO 5A030018 R1 00000003 R2 F FFFFFFF R3 oa~Oloao R4 FFFFffFA R5 FFFFFFFOR6 00000000 .R7 00000000 

., 
NOR~AL END CF SI~ULATION 

w 
~ 

000.10 SECor-os SIMULATION TIME 

33 Multiply Steps 
2 Result = X'3462' ='13~4l0 = 45*298 
3,4 Load values for Division 

Complement Dividend and set flag in RO 
5 33 Divide Steps 
6 Complement Quotient and Remainder answer=~16remainder ~6 



*** EM~Y ~E~ORY DUMP *** 
RO= 8003801E ~l= 0000U003 R2= FFFFFFFF R3= OlOOJOOO R4= FFFFFFFA R5= FFFFFFFO R6= 00000000 R7= 00000000 

OCOO~O OC13A020 6FF220BF 
000008 1902COO1 OOFE7000 
000010 lACS0020 6CF220BF 
000018 00000000 FFFFFFFF 

*** END OF DUMP *** 
000.78 SECONDS IN EX~CUTION 

w 
(J1 

tDCIF018 b~01CO.i.9 
OAC;00845 19020J03 
52100001 CO~,78015 
FFFFFF2A FaFBFSfS 

bOll lD01A OAFC6001 1 B008000 C283800A * OR 1M 
uO~6806J . 00928060 32140001 33100000 * .,p 
Ou9.24000. C0278017 00865000 IB008000 * \ LR ?R 
f8F8FSfa fSFBFBfB F BFBFBfB fB FBFBFB * 

F M ii M P B * E 6 2 3 • 
iG a a' 6P * 

* * 



• <text> 

+ [<text>] 

ORG «tag» 
<abs» 

&NOLIST 

&NOPRINT 

&PRINT 

&CODE 

&SIM 

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 

&TRACE - produce instruction trace during simulation 

Note: all "&" control cards and title card must begin in 
column 1. 
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