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April 9, 1958 

INTERNAL NOTE #29 

Subject: 	 Preliminary Specifications of a Basic Computer 
Coding System 

The coding system we propose for the Balric computar i r  basad 
on the philosophy that the most applicable codfng system for any corn-
puter is one directly related to *e mPrchine f t  fs meant to serve. 
Therefore, the makeup of instructions for our propomed scheme will 
have a pattern similar to that drawn up for fnstructiaa. words by the 
Basic machine phnners. 

Baric computer instruction words come in two 8be8, a half-
word and a fdl-word. A half-word instruction is composed essentially 
of an operation, an addre.8, and addreear;modifiere. The full-word 
instructbn i r  composed of the previously described half-word plua 
an sdai~onalhalf-word for 8pecifyb.g essentially a eacmd address 
and address modfiers. An e a d y  recognizable ddfferance then d a t s  
between there two po~~sible  Far both typeilltypes of instructions. 
there will be a primary address, but in addition, the full-word in-
struction will have a secondary address. Therefore, half-word in-
rtructioas will be grouped as single address Snatructions and f d -
word instructions will be grouped a a  dual address instructions. 

Single address and dual address hstructionrs can be further 
eubdfvided into six instruetian categarierr each. (These categories 
have already been defined by the Basic machine plannere.) Among 
the instruction categories WE find that the regisbra rffeeted by in-
struction operations are either specified, implied, or non-daknt .  
(Theee registers m a y  be the accumulator, accumulator wrign byte, 
~naSk,indicator, or index regirtern. 1 If the regirters are nom-
edsfmnt or h p l i e d ,  there is no need for cading. If the regieterrr are 
specified, there i 8  need for coding. Therefore, a c h s a ~ c a t h lwith 
respect to implied and specified regirtera ehould exist for there 
instructjlon categories, 
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Our proposed coding spstem for the Barric machine now takas 
ohape, There will be tvpo groups of inrtructione - a h g l e  address 
and dual address. Each of there group will be subdivided into an 
implied register chss and a specified register class. Under each 
clasr will fall two or more of the mix instruction caeesorker of tach 
instructian group, The outlined orgadeation i s  as follows: 

I. Single Addre8s Group 

A. Implied Reginter Clsrss 

1) Floating Point Instructions 
2) Mhcelh.noau8 hetructionr 

B, Specified Regirrter C&sa 

1) Direct Index hatructions 
2) Immediate Index Instructions 
3) Count and Branch Iizrtructians 
4) Indicator Branch bstructiom 

n. Dual Address Group 

A. Implied Reghter Class  

-	 I)  Transmit hstructions 

2) Input-Outprrt Inrtructiona 

3) Store I. C. and Branch Instructions 

4) Branch on Bit Inatructions 


€3. Specified Regieter C k s s  

A dhcrcpaacy may be apparent in placing integer instructions 
under the specified regfater elails but 8 8  we shau see later, integer 
iarrtructfono are more suited to dsjs clsssificatim. Now wfthin this 
framework we can errtablish a sy~ternfor exprersing inat~uctions,  

The teneta for ckprenakng instruction8 in our propomsd codfng 
ayotern are theare. helyu*t€ons may be exprerired whh numeric or 
mnemonic symbol. or a c t d  binary notation, Symbulic notations 
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will be rmreetricted aa to lengthwhether these notationrr reprerent
'W opcration0, addresse8, index rsgirter~,or rpecial modifiers. The 

coding format wi l l  be free of pre-established instruetion rubdivhions 
and reliancewill be placed an punctuation to denote the intent and 
extent of instruction notations. For thoee coderr who insiat on 
precirely defined coding fieldr for expresring instructism, they have 
only to follow the lame inrrtruction exprersion order as we are pro-
posing and if they follow this order, they have but to define their own 
special field rsstrictianar far our general coding rpatarn to achieve 
complete compatibility. In fact an important tenet of OUT ilyrtem 
should be that it be amenable to &or coding variations, such a# 
#heabove special caie,  merely by notifying the anaernbly program of 
the variation, 

How the proposed tenet8 wffl be effected is fairly o b v h u ~ex-
cept for denoting instruction notation intent and extent by punctuation. 
Now, if we recall the instruction organization a@ already aet forth, 
we remember that there is 1 single addreas group and a dual addresu 
group. The single address will rtand alone and needs no punctuation 
a81 long ae the regirter i o  hplfed. Hewever, if there i m  a specified 
regitstat, it will follow knd will be separated from the addre88 by a 
comma. W'hentver there fr an trddreea modifier, it wi l l  be placed 
immediately after the address and enclosed En parenthesis. In the 
caee of dual addreooer, the recand addreae will follow and wilt be 
separated from the firfit addresa by a comma. If there ia a rpccified 
regirrter, it w i l l  follsw and will be separated from the second address 
by a comma, Again, whenever there is an address mbdifier, it will 
be placed following the addreror but inaide the following; comma and 
endomed in parenthesis. C&eratbn8 need no separation a8 they wiu 
appear firat in the entry and are easily recognizable. Thir rhould be 
a simple and comprehensive advanced system far coding irzstructfonr, 

The general organkation of the propored coding syrrtem is as 
f O b W 8 :  

I. Siagh Address Group 

A. Implied Regfrter Clam 

1) Floating Point (n/u) Addreraa (k) 
2 )  hfiscd~anaaurAddre.8 (k) 
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B. specified Rsghstcr Class  

1) Direct M e x  Addreao (Ex), Jx 
2) Immediate Index Address (Ix), Jx 
3) Count and Branch Address (M),Jk 
4) Indicator Braach Addrerrr (M),Indicator 

r]i. D d  Addrese Group 

A. h p l i e d  Register Class  

1) Trsnamit (K(x)) Addrees (h)#Address (k) 
2) fnput-OtEtput Addrear (Lx), Addrear (Ix) 
3) Branch on Bit Address (k)#Address (M) 
4) Store I. C. and B r a c h  Addreaa (Ix), Addreas 

El. Specified Reghter Class  

1) fntegor (bid) Address (ZX, P), Fld (fx), Reg (of€) 
2) Connection (1,111) Address (h,PI,Fld (k),Re3 (off) 

Herein we note that the integer inrrtruction category ia  placed under 
the specified rcgirter c h r a  wherear 8 regirter can rctadxy be im-
plied. However, d a c e  the register addreal can be modified by an 
offset, we adopt .Ithe aarne acheme 08 wed in t h o  cenncctba h d t u c t h n  
cattgory. But in practical use the aceusnulator refilter need not be 
rpecffiod for integer instructdoas; therefore, the regirter coding can 
be omitted and the offset apecifiied in the normal way (cnclortd in 
paranthesiB). 

Further elaboration of &e coding sya~temis offered here for a 
more thorough underatanding of it. W e  shall dircusr the ayatern by 
proceeding through the coding ryatem as previously outfinad. 

Floating paint operation. may be performed with normslised 
fraction&or uaormklfzed fractions, thus, at the coder# option efther 
(a)or (u)can be aeloctsd. The addreoared data which the operation 
will affect can have one af several uigns m. The sign may be 
specified by the coder et it may be the name as arsigned to the data 
when it was last artored. The addrees may be modified by m y  index 
register (k)from 0 through 15. Mhcellaneouu inatructions have only 
an addreale modifier (Ix)which ir used in the same way a@ for flsating 
point fnstructions. 
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For the first two inirtruction categoriea under the specified 
register class: of the single addrelrr group, the address modifitra can 
be any index regirrter from 0 through 15. For the lart two, the addrealo 
modifierr can only be index regirtera 0 or 1 plus several rpecial 
rnodifierr whose definition will be f ~ ~ n d  Thein the Baric manual., 
specified regilrterlr (Jx)are index regirrters 0 through 15, Were J is 
ueed ba tead  of I to denote the difference between an index register 
that ir operated upon and one that modifies an address. The specified 
Indicator win refer to one of the 6$ possible conditions in the Basic 
machine which can be interrogated for. 

For the implied register claas of the dual address group, the 
rymbols should be self explanatory except for K ( x ) .  K ( x ) f u r ~ 8 h e 6  
the number of half words to be tsanarnitted and can be either an con-
stant number (K)or an index regirter addre88 from 0 through 15 (&) 
which eupplicrr the conatant number. 

Under the specified register class of the dual address group 
we find the most complex instruction expressions - integer and 
connections. The integer operations m a y  be performed in binary 
or decimal arithmetic; thus, at the coders option (b) or (d)can be 
selected. There are 16 connectiona which can be rrelected and the 
truth table binary output that would r e r u l t  from any particular 

W 	 connection is the best meam for epecifying that particalrtr connection 
Integer addresses have a sign modifier which is the 8ame as that 
explained for floating point instructions. The primary addresses for 
both integer and connection instructions can be modified by index 
regirtera at3 previously described and in addition the index registers 
can be changed in accordance with the P modifier. U the primary 
address:is an immediate value, a number symbol (#) following the 
value i a  sufficient to W i c a t e  that it ia actual data. For both integer 
and connection instructions a specific size field must be r a t e d  and 
this field may or m a y  not be indexed, For both integer and connection 
inrtructians an operation register i e  either implied or stated. Unlasa 
otherwise specified the register operation begins in the normal position 
and need not be rtated. But  for thooe cases where it is offret, the 
offlret will be ~ymbolicsllynoted in parontheef8. 

It should be obvioun that for this coding eyr~temany part of the 
instruction enclored in parenthesis may be omitted entirely and 
sufficient information ie  still available for the machine to execute the 
inetructian without dire conaequencee. Thus, when coding addresses 
that do not have modifiers, a statement of omission i s  uxmeceaaary. 
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Additional information pertinent to coding ie:  

1. 	 - afgn to be ured in traatfng data a4 location indicated by 
either actual or symbplic addrerr 

- - unaigned negative QZ absolute negative 

- * opposite sign under appropriate conditions 

nothing - data sign. 

2. 	 k - index registere 0 through 15, may be actml or mnemonic 
representation . 

3. 	 P - increment I$), increment-count (IC),increment-count-refill (ICR), 
or decrement (D),etc, whichever is appropriate. 

4. 	 Fld - either decimal or mnemonic repreBentation of field to be pro-
cessed. If actual numeric, byte size and number of eharacferr must 
be provided. 

W 5. Off - offaet from starting p i n t  of acctundator or register. 

6.  	 Reg - register Ita be affected by operatian. Accumnhtor register AB 
implied for integer instrw=.t.i;crnr 

7, 	 K(x) - either canstant fK)indicating number of 3h.u words to be 
transmitted or index registar number (Kx) containing: r u b  a number. 

a, 	 3x - index register operated on by am operation. 

9. 	 M - branch modifier codes indicating advance, condition O;IZ Ulhfch 
to branch, and final indicator conditions. 
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