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Inatruqtion Control of LASL Cowputer o
¥ : : o

This memorandum will deiine eeveral features o£ a propoeed imtruction ST S
‘control for the LASL. Computer.‘ Every attempt has been made to provide .
for an easy extension of the syatem to the 1nput-wtput computer, Itis . W

- hoped that euentiauy the same instruction format will apply to both

machines, although it has not been determined that each machine will be

T ‘_ubla to e.«:ocutc every inatruction.

' *Imttucuon Format |

e Thu g,emeral fdrm of the instructiou word is as follows.

. Fleld No. T T R
Fleldsize 1 12 6 21 12 1z

R _y}The maaningi assigned to the various fields are as fonows. _

- Fiﬂd No. B Vo Unauigned‘ for provrammcr uses
2. Operatipn Code -
3, Address Interpreters
4, Word Address
B, Tag Address #1 , ORI
R 6‘.' Tag Addteu #Z " ' R e

: Fiald #1 ia a bit reservcd for the uae of the programmer, It has no special
. 'ma:hine function auignod to it, ‘ N , :

L Oparation Code

"Tho bits of the operation code ficld will dcﬁna the operationa which the machine
is expected to perform, . Thie field contains bits which define the various classes

 of instructions, The class of an instruction may indicate a variation in the basic
format described above, Some of the formats may be reserved axclusively for

- LINK operations; othiere might be umited to the LASL machine. Some formats
may be mterpreted by both machinn. . : :

L Other ‘bits of the omsration code may be used to indicsste variationa in the
‘ operation code mwlf, such as fixed p@Gint or floating point operations, The
. bits of the operation code should be’ used in a manner which ie most advan-
» tagnous to tha machine decodin of any particular oparation. : :




[

o ‘fAddres 8 Into rprete rs

. Six bita have been anowed for upecifying the manner in w}uch the Tgrr addreues
- and the word address should be used., The modifications of the word address .
- will be considered first, There will be three basic type- of word addresses ‘

in thia macbine: o ‘ .

1, Immcdiato. (X) - the word addrcus X oi the imtruction o
' ia used as data in thé operaticm apaciﬁed.

2, Direct, € (X) = the contents of the memory locations spcciiied
- are uud as data in the operation apecified,

3o B Indircct. C (C(X) ) - the corxtentu of the word at memory
i location X are used as the address of the word whose
~ contents are to be used as data in the operation apeclﬁod.

A fourth type of address wlll be a combiuation word and bit address. Sincc

the word size is 64 Dbits, the low order 6 bite of the 21 bit address will

dosignaw the bit addreu in the word specified by the high order 15 bits of
the 2} bit address fleld. This type of addressing will have to be implemented
by indexing in order to abtain direct addressing of any bit in a one million
word memory. It is expected that other formats will be available to cover
complete bit nddrosaing. but some sacrifice of flexibility might be made,

»'I‘h_é, A&drqu Interpreter field will also control the use of the Tag fields in

addition to the control of addresaes described above, The control of the Tag

. fielMw as well as the Address flelds will be effected through suitable deceding
- .of the bits of the Address Interpreter field. There are several classes of
use’ ic:r the Tag fields. - - B

- l. " Double Indexing - the two tage are used to index the Addrou
' through two indexing operations to produce an address which
- “may be any- one of the four typea described above.

"2,  Two Address commands - at times, two address arithmatﬁc -
,.imtructions may very cloaely approximate the efficiency of -
three address instructions with reference to saving memory
 references for both instructions and data, In general, inter-
mediate results may be handled more efficiently if sowe apecial
commands are provided,  To this end, three special uses of
. “Tag fleld:#2 are provided to aid in the handung oi the inter-
Tmodia.te ruults of a calculation. , o ;

a)  Tag ﬁcld #1 is uaod as gnormal Index Rogimr i S
" address, ‘but the address specified by Tag field S
el " #2 should recejve the contents of the high-ordcr
S " (A) reault register upon campletian of the opcrauon.
- This is aomotimem known as post—storing.
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b)  Tag field #1 is used as a normal Index Register -
address, but the address apecified by Tag field
~ #2 should receive the contents of the data register
{8). Thus, a number may be used in an operation
. and transferred to a second memory locatiou duzing
‘the compleuon af tha operation. L .

¢) Tag ﬁold #1 18 used ag a normai Index Reginter
. address, but the contents of the addreas apecified
by Tag field #2 are transferred to the high-order .
“{A) result register prior to the start of the oporation.
The loweorder result register (B) is cleared,
‘the completion of the operation, the contéents of. tho
~ high-order (A) result register are stored in the
location specified by Tag field #2. This mode ,
' permits a two-address type operation with storagc '
~ of the resylt in thn locauon af the first oparand.

Full Mamnry ’rag Addunas - In case a very large amoum of ;

random a¢cess memory (say 1, 000 000 words) is available on
‘the machine, there will arise cases in which it is desired to

use any mempry location as an Index Register, To facilitate
this operation, a tag larger than 12 bits is needed, and it is
provided by combining the two Tag fields into one field of 24

 bits. This single 24 ‘bit field may be intarputed in thrte .
- ways: - , , '

“a) 'Direct 'I'ag - tho two Tag ﬁelda are eambimd into R
one 24 bit field, The low-order 21 bits of thie fleld
are to be used as a direct. full addrass tag, -

b)  Indirect Tag ~ the two Tag flelds are combined into
 one 24 bit fleld, The low.order 21 bits are to be
- used as an indirect addrou to specify the actual -
Tag addrau. .

- ¢) Immediate Tag - the two Tag fields are co:nbinod into
one 24 bit field. The low-order 22 bits (21 bits and
#ign) are to be used as an immediate address to modify

the word addren. ,; S 2

',Tag Word Address - A spncial word format {s available for those

cames which require multiple level indexing to a degree higher

. than that providod for in any given instruction format, In this
case, a special "Tag Werd" is prévided. The location of the

Tag Word is specified by the contents of Tag field #z The

o format ai the Tag Word is deacribed later,

P



mailto:Srr#19@.1.M

vv *4‘}

L B ,,deoxing Ordar . If duimd. an indcxtng opomtion may !u SR
EEREARA applied to an address obtained by an Indirect rotaranct R
. to a memory locaucn. Tlmrc are two waya to uu thu
E ieature: ‘ . o ,

“a) 'A‘Tha Index Roghtet apcciﬁad by 'rag {ield #2 .
© will be used to index the address obtained by
an Indirect veference through the oifective
address produced by the use of Tag field Ql
~as an Index Rag:lsur addteu An the umal
mannet. . Co

b) The !ndux Reginur ta  be. uned in iwdexing t.ha
 address obtained by an Indirect reference wzm
* be specified by Tag fleld #2 of the location in
" which the address is found. The use of Tag
fields #] and #2 in the lnstructianwﬂl be aa
dqﬁned previously. _ ~ :

B, - Othar Uses - The Addrou Interpnter t’hld may. alse bo uuod to
"~ indicate other meanings for the Tag and Word Address. fields,
" For {nstance, Field Length, Character Sise, Table Lmkup and
:'q C other guch maaninga might be npeciﬁod if so duirad. .

A lummary of the varioua modas of addrosamg ‘that are provided by thu
- Address Interpreebr field wiu indicato wido rango of addrau apcraﬂom‘
‘that ara poasible. - IR . L

E ‘:1,' ‘ 'Double Indexlng Only one modqiof double ind»xing is availablo.rw
-~ This mode uses two 12 bit tags {n the normal manter, The
addrcas 80 producad may be any one of the four typu upeciﬁed. T

"2, Ssingle Indexing - Two versions are available, One version with
0 full 24 bit tags and anather with 12 bit tags. If the secend version
. is used, the remaining 12 bit Tag field will be interprewd varioualy.

: '_undcr control of tho Addrou Interpretar ﬂeld. 3 L

L4

\ ; Indax Re ghter Format

v Two £ormata aro propoaed for Index Registqrs (01' Ind.x Mamo.vy Locatkms)
AR ionows' : . G sl ‘

~a‘)(‘_ X ?’;@mﬁam 1(3_.) Roﬁet Quantity(ﬂ Addreaa { __)
L |Address S
16| 21bite | Zl bits o al bit‘u




T eBe ‘

. Thin format contains three addrcuusiaed (20 bitn) fields, each with sigm,
. making each fleld 21 bits in length, The Address field will be used in the
normal manner, wherein the qftccﬁve address is produced by summing
: algabraicnlly the Address field of the Index Register and the Word Addrees
~ field of the instruction, This sum will be stored in the Addrou ﬁeld of the
, Indox Register, destroying the previcms contents oi that ﬂeld. :

~ The C:omparc Addrou ﬁcld containa a singed numbor which {s compared with
~the Address fleld after each indexing operation utilising the specified Index

Register. When equauty is detected, the Address field will be restored with

“the contants of the Reset L)uant!ty field instead of the citcctive addreus,

. Bpeéial commandn could be mada available to compare the Address fleld with E

the Gomparc Address ﬂcld and Mdicata Hi, Lo, or Equal conditions.

- Bt X at the left end of tho tarmat will indicate whether the Index Regiater o

format 18 type a) as above or type b) as below.

‘ ) b) | - x Count . , S g g e s i ’ ' e .
S Incromcnt (___) Count (J Reoset: Quantity (__) Addreu ( :_)
" : 16 \~ ”Iu bite. JIUBME T 21 bifs T .

This 1oxmat 10:0 that of a) abova with the exception of the Count iiold. Tho
Count fleld {8 10 bits long with another bit for sign, The Count lncremont

ftcld lu 9, bita lang with one bit more for atgn.

“‘:Each timc thu Address ﬁold h v.nd in an index operatﬂon. the contcnts of the

Count Incrément field will be algebracially added to the contents of the Count
field, If the result of the addition leaves a seroc (plus or minus) in the Count
fleld; the Address field will be reset with the contenta of tho Reut Quantlty
ﬁold, 'rho Count field will remain unaltered, ‘

_3&10 Taﬁ Words

i‘.A spachl word format is available for those cases which require mumpla level
-indexing to a degree higher than that provided for in the normal instruction 3

format, Inthis case a special "Tag Word", the use of which is specified in the
instraction, will implement the multiple l.evel indexing operations, The word
wtu have a format as £ollows' S _ - ;

B A T&g Tag | Tag % “Fag 1
4";- Tf e "12”‘“"12* i ﬂ“ i "ﬂm"

Each 12 bit Tag ﬂeld can be interpretad as a tag only. The "A" u@m will
. specify the first (counﬂng from the left) of the five Tag flelds to be used, All

of the taga to the right of the firat one specified will be used in the normal
manner, n any of the Tag fieldc are blank, indexit;g will not take place £or

. that ﬂild.
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& ‘X'hn lut two Tag tieldn may bo combmed to !orm one 24 bl{ Tag ﬁnld. This
b ’ " form will be indicated by the "A" field. If this form is indicated by the "A"
S 'iinld. a muximum of iour Tag fields ars. avaihblt. S : -

: No provhion hao bun made £or ming mou than one Tag Word auccnnivdy. ’~
- Any indexing operations of higher than is poasible with one of these Tag Words
will have to be extended with another lnntruction whi.ch upeciﬂcu the uext Ta g ;

Word to be uud. :

"V«Thu propoul has thc ;dvantaga of conborving memory access time (for imtruc~ -
‘*tiom) in thon cuea rcquiring » hizh degree of multipk lwcl indexing,

} ‘,’,
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