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saves time for the processor and the resultant addresses are in general 

more compact than the identifiers they replace. 

2. 

Programs exist for the SIMPLE processor which translate external to inter­

nal APL and perform the concomitant editing, debugging, and "system" func­

tions. Thus the sole responsibility of the Al'L processor is to execute 

internal APL programs and indeed this processor is capable of nothing else. 

Since the two processors share core memory, programs and data prepared by 

the SIMPLE processor are directly accessible by the APL processor. 

This manual assumes familiarity with APL\360; for example see APL\360 

Reference Manual by Sandra Pakin (Science Research Associates, 1972). 



·- · 

2. APL Objects. 

APL is a language for expressing algorithms which manipul~te numbers, char-·. 

acters, and n..:dimensional arrays. In this se?tion we will .describe how 

the.se objects are represented internal to th~· APL processor· . 
.,. 

. Every value iin , · ,..~ ? 1' :Pfi, occupies a single .. 32-bit word. '.Because of the dy-..._ .:...-. · ~ 

namic nature of APL, stemming :from· its lack of . compile-time type .declarations, 

each value must carry explicit type information ~t run-time. Thus type bits 

and value are . packed·-together 

fil . . 
. l.:9 are illustrated the formats 

.. explanation is in order. 

2.1. . Floating-point Numbers . . 

into a 32-?it word ·or descriptor. J;n Figure · 

of the various types of values·; _some . further 

A floating-point number consis~s -of a signed, fixed-point coefficlent 

(..with· the radix point . lying be~we~n the fir st and second. si.g~ificant bi ts) 

and an llexponent" or power..:.of.:.:.two scale factor . • If F i~· a :floating~ 

point number whose 

and e (all taken 

sign, fraction, and exponent are respectively • ,s , • f . 
V.~\i~"~ 

ai\ integers) _then 

F = (1 - 2s) • (1 + :,~2.2~· )~_2_< e~--12_8...,...).~--~--:--'-~""'."', 
. 2....., 

As can be seen from Figure 1, all floating-point numbers h:1 Mete. AfL are 
• . . 'f 

11
normaiized, 

11 
that is, if : c_ = (1 + 2_t.,2,_2_.)~-::i-s_:.,_t_h_e_c_o_e_f_f_i_c_i_e_n_t_o7'f_a_f-:-l_o_a_t_-__, 

i _ng point number F , then 1 < c < 2 - 2-22 Equivalently, the "lead-

ing" bit of F (the first bit after the sign of . F) ·is ·a one. The bit· 

.patterns corresponding to unnormalized numbers are thus available to encode 

. ' 

:other types of .values; · Figµre 1_ shows h,ow the type field of a value not a • 

floati.ng-point number is · ~sed . 

• • I ' 



j I 

.___/ 

! -

: - i 

l \. I • •• • ; I ~. :. ~ - ' 

I 
, I I 

f ~ -t"-
1 

. 1 

. , 

I , 

• 1 

• 
· . . , 

t -

1-
1 

)olololoJololt I ol · 0 • • ] !"ci.ndefil'\ecl vo.l\ten 
I I • , 1· 

J 

I ~ I :-t-t b~~, -:--+: :... : -- • I ! . - I • 

--2~+ 4 ~~ifi~~-~ ~oi ~i {{~{;~~p~•i-~~~~~co-sb~~o/ ; -l~ i~-~l"_b/ fol~ ~y-_-
1 , ) r J , • ' ·1 ' I i • 

J 1 
• , . ..l~. ' .r. 1_(frAc.+i.~~ . .:•f1elcl.~· • .:__ .. _ .. _ ,---·-- -- ~-c_ ____ ; ___ • . ,-,_· ~-

1 
• __ ;_ - - • 

I --1--~,. ::Tl ... .-:r I I I I I I • I . • i . . I I . I I 
I I I ' . . I I • 

-- .. ·-

I 
L ..:. 

I __ I_ , I' J ,_ ~ --- --- i- • l T. 
_ I • • _ _ _ L..- _ _ - .!. ... - ·- - + -- I - - · ..., 

. · I I ; I 
' - .. ___ I J, ,_j ,-r· _. - ··-- --- -· .! 

I \ ' 'J . • l ' , ·• 
I I I I . I ; . . I I I 
. , - I __ -_ i~-:~-1-~- - • ~-t-·- ~-- . i 

.. - ·- 1. -!., ~--i . I' ·:-~11 --'. ·--\-1 _.t_! 
• , ' I • ' ' I. I 

: ---- - I • -1--i-.--~-.:.... ·'....j~ :-·-1 _. -- ~ -t ~ - ·I 

I • 

, I ·. • • 

J . .i 
I - . 
( • .. -

I 

I ,. • • - - • ·- . •-
f . 

. 
. I 

. I . I 
__ , 

. · , . 1· 
I - r-, . 

I 
·- .. -➔ 

' I t . ! , --1 --~---L-r-- :-_ j_ ·11 ·-~:_,I -> ; -'. C 

. j . - ' - . 
I , , • I I I I I ' · I 
:_ I ~-1 __ ---1-r-- :~- _, --1 ~ 

'I. ~---- ·· ·~-, --~r- ~ L c·J_,. :~_J -'. __ • l - ,·. 
I· I I I .[ : I . I . I 

- -- --, 

. I 

·; · . 



' . 

) 

-

l ) 

4. 

2.2. Integers. 

An alternative .representation for int_egers of magnitude less "than_ :22·3_ is 

avaiiable. In particular, zero must be represented in thi~ format since 

it is not a non:nalizable fioating..tpoiht- nUI)lber. A point concerning zero 

is that it is always ,represented with the :s_ign bit s =· O ; "minus zero" 

is not allowed. 

,.:' ·.• 2. 3. Characters. 

.. . . 

• .A scalar character is represented by an B~bit code chosen from an extended-

. • ASCII character set which includes !the ·special cha_racters . necessary for APL·. ' · · 

2.4. Arrays. 

·A descriptor for a scalar (numeric or character) might be termed an .1'immed,~ 

iate descriptor" since it completely specifies the· identity of its val~e-. • 

In contrast, an array descriptor·me;rely points -to an ·array block stored 

elsewhere which .contains . the -elements and shape information of the-array.· 

This scheme has two benef:i ts: · •• 

(1) Al.;L desc'riptors _are a uniform l _ word in size; 

(2) • Several · distinct array descriptors may point to the' ·same 

array block. · 
- • - £t2 • . · 

The form of an array block is given in Fig-µre ~- Following is a descrip-

tion of the various fields; 

The rank of an array is the number of ,dimension_s it I hap; .. the numbers 

in the array· block are called the 
• -~IJ I~ 1 ·; Q.o,y½t/, ~ • • 4 ;l('.rt1,-k 
~,~\?-, ••• '~ 

•1 ~ • -ll.. • .t.-1 k!.v-- fl · 
shape of the _· arraYi. If A~ of an array equals· n . , then there are 

~I', 

n . positions@ the 
' -bt~ • 

• th coordinate of the arr.ay; the number · of eleme:q.ts 

iµ the array is ~~~---~~~-~J01'1t~ 
rank ~ 

Nelts = I I· width. • 
i=l . 1 

~~-----...:___. 
a.~i ~~-\- . 6 "'2-tJJev. ·1t.J.e-~ 7 ck~r{-~s ~v w.l'\~o.-\-1v~. 1\1.Lw-~s; 
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The cases Nelts · = 0 and Nelts = 1 are both possible . . ,, • 

. . 
• The elements of the . linear sequence knovm in· APL as 

- - - ·- - - - ravel or~ bet_yeen . tw~•-,ne~-ghbor~ -.·.·1·· _.-.· 

___;) 

coordinate, is ~=~e-i-1-:h....s-tride. A f ~rmuia for .', . I 

. the ravel of 
- ----- ----- --- th 

'ing elements of the i 

e ---- ~ 

•str~de~ a-_:,~:.~:-~_:~:-__ w_::-_· t-_h~ ____ w_i_· d_t_h_:_..s-:'"w__:;..1 ~-w:2:_·-•:·~·~·~·:=•=="-'=n~((2~:'.:~:· :,,,:::::( .. 

G~) ·'~~~en= .'~~~ • 

· , ~ ", ~-n~ 
..,. / ./ _ • ' . stridel.. = I I wk , for l < • ' • , 

,,,/' (__-'- . k-.i:r~ 

. tqe 

APL l r~~:~ ... ~:st be homogeneous_•~~:=~~j§~ei-t.~e/alf :~~~~ ~ts of an array 

_must be n.~,.;e:-fl.,~-a.:l'T' elements must be character's _· ('In-,..:t.he ) former 

ca,se,_,,,,mfxed f16ating-point and integer numbers are . permis_l=lsiih :le,..,..)· '.· To ·gain 
C L . . ~ 

• compa';;:e
4

~-~~tlle elements of a . charact~r _;ar.r-cty .;_~ four. to a word. ·-
~ ~~ -f 

A_,M( "'~-:~;~~ the element..-typ~- ;~~an ·~rray bJ.0£~:tbi;i~i~t"·cg,tty.cter 
( . . - ., f,,._ ,. ;, . '·•,., . 

and numeric arrays. : I 
- - . .-L- - _ .... - -· --_. __ ---, ... 

Since it is possible for severa'l . array ·desc:r::i.ptors to · point . to the. same . . . 

array block, · a · reference count is used to determine when the· storage _for 

an array plock may _be r,eleased. T'nis count is a field in the array block 

giving the number of array descriptors currently pointing to thif:l array 

block; it is updated whenever such a descriptor is created or destroyed. 

If a reference count is reduced to zero, then the 

array biock may 'ee ;pcused. i S Yc.~ "¼j ;.~ . "' hce 
I 

, · I 

• I 
I 

storage occupied by. that 

p <>~~ 

S~tb"11 3. 4) 
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1. Introduction. 

One of the major goals of the new CRMS computer system is to provide ef­

ficient, time-shared APL. The system contains two processors with com­

mon (core) and auxiliary (disk) memories, as well as controllers for a 

variety of peripheral devices. One processor (the primary subject of 

this document) is specially tailored for the execution of APL programs. 

The other processor is optimized for executing programs in the SIMPLE 

programming language and is described elsewhere. 

Rather than directly interpreting source language character strings, the 

APL processor executes an internal "machine language" form adapted for 

that purpose. Three types of changes are involved in the mapping from 

. external to internal APL: 

(1) (literal notation => bi.nar;r notation) Each numeric 

or character literal is replaced.by a binary encoding of the 

number or character. 

(2) (identifier => variable address) An arbitrary correspondence 

between the identifiers of a program and unique consecutive in­

t_egers is formed; then all occurrences of an identifier are re­

placed by its number (address). 

(3) (infix => postfix) The expressions are reordered so that an 

operator follows its operands instead of preceding (monadic) 

or separating (dyadic) them. 

These changes are made for technological rather than logical reasons. Arith­

metic can be performed much faster on operands in binary notation than in 

decimal notation. Similarly, binding identifiers to addresses in advance 
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Paul McJones 

The APL Processor As an I/0 Device 

As the above title suggests, the APL processor appears as an i/o 

device to the SIMPLE processor. Five preassigned cells in central memory 

and the two-external communications flipflops are associated with the 

APL processor "device." The flipflops will be referred to as FFSA and 

FFAS, and have the following properties: 

(i) The APL processor can read (sense state=¢ or = 1) and reset 

(set state to¢) FFSA, while it can set FFAS (to state l); 

(ii) The SIMPLE processor can set FFSA, and can read and reset 

FFAS. 

Here are the preassigned memory cells and their usage (see "System Para.me­

ters" document by Charles Grant for the actual value of these symbols): 

(i) APLCOMWD - the SIMPLE processor places a command (either "start" 

or "stop") here for the APL processor; 

(ii) APLSTATWD - the APL processor places a status code here when­

ever it stops; 

(iii) APLDSEGWD, APLPSEG¢WD, APLPSEGlWD - before the SIMPLE processor 

commands the APL processor to start, it sets up these words to 

describe the data segment, procedure segment, and alternate 

procedure segment, respectively, of the program to be run. 

Figure 2 gives the format of these "segment descriptors." 

The APL processor is always in one of two states, ~ or running a 

program--see figure 1. A transition from idle to running occurs only when 

the SIMPLE processor gives a start command. A transition from running to 

idle occurs either when the SIMPLE processor gives a stop command or 

.spontaneously when the APL processor encounters a trap condition in the 
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program being executed, whichever happens first. These start and stop 

commands are given in the following way: First, the SIMPLE processor sets 

the low order (rightmost) bit of APLCOMWD: zero means stop; one means 

start. Then, the processor sets FFSA. Some time later the APL processor 

will notice that FFSA is set, will reset it, and will obey the command . 

. indicated by the current setting of APLCOMWD. 

Whenever the APL machine goes idle, it issues a status ~ode. These 

codes are issued with a method like that used for giving start/stop commands. 

The APL processor stores the status code in APLSTATWD and sets FFAS. 

Eventually the SIMPLE processor will notice that FFAS is set, reset it, 

and then look at the current value of APLSTATWD.. Figure 3 lists the status 

codes. 

Some notes on this interface to the APL processor are in order. First 

of all, when the processor is running and is given a stop command, it could 

take. as long as a few milliseconds before the shutdown occurs and the 

"ok, stopped" status is issued. (Sometimes the APL processor really gets 

wrapped up in its work!) Second, the SIMPLE processor should be sure the 

APL processor is idle before it writes into the segment descriptors APLDSEGWD, 

APLPSEG~WD, and APLPSEGlWD. This is because the APL processor·looks at 

these calls from time to time as long as it is running . 
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