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REPORT ON THE SI[MWL.ATIONPROGRAM 

FOR THE aASX COMPUTER SYSTEM 
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Any rsimuhtlon prsgrana m r y  run and w a n  produce an acceptikde priat 

out without truly rtprescrunting the given #)fdl.tt!im, It i m  the prirnaiy pur* 

poae of thirr paper ts coavince t h o  reader that the Bank Cbnaputerr,' dc-

fined a8 af tbia data, baa actually been arfmubtccll the 704, It will 

ala0  be aeen that, 8ta the rearuft of employing Fortran Aerrmhly, the 

elementary level the baric coacaptr invdvcd in rcprasmtfng I machina 

of the fkaturo an an drcady exirting csmputer; they are the triaaafer of 

information, the pasaing of time, and faterlock fa general. FfnLuy, we 

shall conrider in detail the rsfmulatfoxl of the Indeldng ArifhllRetic Unit, 

W the Decoder m d  Main Ar€thet ic  Unit, m d  the Busr system, 

Transfer of Mormation 

Probably the most basic ides is that of rapreaonting, h a  704 bguea(e, 

the f b w  of iaformaticPn throughout the computer ryrmtem, For purpos8s 

of illuetrrating thcsre general cenctpts we ehaU w e  mainly the buspll eystaarn 

portion of the pregram., but of courm these methods are alae uead In 

shuhkng: fhe hdexing snd ArbtAmttic ,Units. Coaaider the dirtinct 

(general) locations !a which a piece of inf~rxlrrstiencaa eldrt, ha the brit 

one of dour East memory boxer (4) a f&rtmemory out 

memory&-bure ( 6 )  m y  one of 16 slaw memory boxes 
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(7) alow memory-aut h e r  (8) kwr return register ( 9 )  decedcr and 


arithmetic unit (10) indexing arithmetic wit. Ekch of them gensrul 


location8 hzsr 8 Uock of 704 memory arsoclattd with it, (Note ItSut arch 


of the 20 memory boxee hao a block, ) The firet eight gsnord lesatione 

I 


above comprise the buas sysrtem and their 704 blocks each egntaia a 


sub-block of four addreb1e8 in whichare stored the earn8 typQ of hfwma-


13) 	 The return or destination arddrerarr SCDwhich the informa-
t 

tion wants (Wwant) to return slfter i ta  memory cycle, 

(4) 	 The brtructfok number of that inlrtructfon which is 

(tyif?g up) thie location. 

f 5) An address which dirtinguirkts a rtore ordsrr from a 

bring order, 


fn Fortran ~ ~ g e
i t  i r  now vary talsy to a h u ] a t s  the transfer or fnfar-
* 

matickrsround tho ryotem, For example, in order to get a memory 

cycle started frcam the rending regietrv we first muet finel but if the 

derired memory box i p i  free. Tkir 5111 acc~mpUrhedby interrogating the 

704 memory cell repreoenting the instruction number tying up this 

particular Basic Cemputer memory box. If there i a  nothing in th ie  704 

addreas than we Luzuw the box fa amilable and we should rend it the &fa 

i f  we can catch 8 pkee on the memory in-burrs ( faa t  or rhw.  ) The burr 

c 



-3-

availability ie  determfned in precisely the a a m t  manner. U we ~ Q W  

find the buss free we rtors:the contetltu of the 704 8ubb~ocksruipped 

to the rtgiater inW the 704 rub-block aerrtgpltd to the memery-burs u ld  

erase the register eub-bleck. [It ir this type cif step which makes up 

about 50% of tha program and which i a  carried out compraheariv+lym d  

economically by Fort rorrith i ta  oubscrtpted varhblsa. } W+also lset 

the bum clock (diacunssd bdaw, ) On a succeeding p e s  through the 

program the clock w i l l  read aero an8 weecanmovm the infatmatim fntc, 
*. 

the appropriate memory box wfthout again checking its availability. 

After a rubficient number of time unite haver: bcea subtracted from the 

memory box dock, it vd l l  read t erQand we can thm mwe to the nQ3Ef; 

general locotion (its rnamary out busa) etc, I etc, 
'ulrv 

p&8@hglQf Tkme 

Every ganerkl. bcatha 704 storage black [except the asnding and, return-

ing regi r terr )  has either Q A ~or two tlclocklladdrarssea in itu When War* 

matian ie  moved in*@a new general location, for instance f rom the index* 

ing A d .  into tha dewdiw, the C ~ O &  concept is ef dual rigniftcanca, Firit, 

program war beeaurrr the clock addrcrsa ab the prsvisur leeation had been 

interrogated an8 found te ba aero, sscandlly, we ~ u r tnew store the 

unite thc kaformatf~wWwt be present in thir locrrtion. Every time we d e 

a complete paam thrsttgh t h  p~0g;rar#,that is after w8 bavb moved things 

I 
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auzlilliary 704 addreels that tells UB whfeh of the two situatiogls i8  the case, 

general, if we do not want to comrnence routine X until routine Y i 8  in 
u 

state Q and if routine Y m a y  be in state Q under more thrn one condition, 

then we introduce a supplementary 704 irddreae, the contents of which 

will dietinguislh between conditions. 

Other addresees within the 704 storage bhcks are used for a variety of 

purpoaea. F o r  insta~ce,in each 704 storage block associated with a 

memory box w e  have an addrese containing the I1keytfof that box. The 

"key" 704 address merely holde the highsot addrees of the Basic Com-

puter memory box that thie 704 block i a  representing. It ii¶necearary 

in order to make the proper box f'busytrwith any given instruction, 

Every block associated with one of the 4 registers (2sending and rcturn-

ing) Includes an addreas for the "state bit" of that regioter, Lf the ton-

tents of the "ntatrsr bit'' address pf a sending regiater is a one, then the 

program knows it a n t e  to start a memory cycle. If a return register 

"state bit'' is a one then the A, V. b o w o  that data has arrived from 

memory. 

The indexing A. V. isalwaye in one of five etates, The state of existence 

when interrogated w i l l  determine the subsequent course of action. 

Detailed Deecription U d n g  Fortran Symbols 

For the sake of e h n p h i t y  let u8 define all cormtants, b a s k  machine unita,  

and programing devices, in the Fortran Language. The following, are the 
'W 

704 symbolic locationa which will be aeeigned abnolute location$ by Fortran 
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Symbols connected with indexing IXAUT c~ntaiarsome constant 

equal to the time for indexing IXAU ( I S ) :  

When IXS =1, IXAU (1) contains the addresar of the instructien 
When uCs=Zs IXAU (2) contains the address of the index 1 
When IXS = 3, IXKU (3)  contabrs the addreas of index 2 
When IXS =4# IXaU (4) c~ntahrmthe address of index 3 
When IXS YZ 5, fXAU (5 )  contains the actual address of data 
.When I S= 6 ,  IXAU (6) conWns the instruction number tying upL-__.---indexing unit 
When IXS ,I7, IXAU (7) c o n t & ~the inrtruction type tying up 

indexing unit - 1 4 9 j - L  

When IXS =8, IXAW (8) codtaina the time left for indexing unit to run. 
IXBB contains value of indexing A, V. "block bit" ( 1  or 0, ) 

Symbole Connected with Decoder and 
L 
 Arithmetic Unit 

contains a conectant which determine the type of inatruction 
<-\ (IDK)Type No, ( atore 

W Type No, ( (IDK). '-) bring 
where I t a k e s  on values 1 through 29,  In each of the 29 addreoses 
is 8 different cenetant used to aet the arithmetic unit clock accord-
ing to the type of aperation to be performed, 
18 set equal to IT (I) after I has been determined and the A,V, h e  
started operation. One time unit is subtracted from this address 
on each p e a  through the program, 
contains the value of the A. V. "waiting bit" ( I  or 0 ,  ) fL 

D ecoder 

IDR (I): 
When I = 1, IDR ( 1 )  contain8 t h e  left for decoder to run 

I = 2, IDR (2) contairis memory addrese t o  which we mugt goe 
I = 3, IDR (3)container value of decoder block bit (1 or 0. ) 
L - 4, contabe instruction aumber tying up decoder. 
f - 5, fDR contahas instruction t'ype tying up decoder, - *--

j,' - I- c' 

4Symbols Connected with the Bugs System 

IBUXT contains that conratant equal to the length 
of time information will tie up the fast 
memory out bus. 

JBUXT s a m e  for fast memory in buss 
fBUMT ~ a m efor elow memory out buss 
JBUMT eame for slow memory in buss 
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time ldt on this b u s  section 
memory addrespr to which we are going 
return register addrescs to which we arc corning 
back 
instruction number tying up tbir bum eection 
dirthgt~isheea atore from a. bring 

Symbols Connected with the Sendllng and returning Regirterg 

= 
( f ,J)  cancerm the J* register (we deal here only 
with registera (3, 4, 13, 14) 

When I d - 5 ,  this is the ~ a r n esub block a a  we defined far 
the bus8 eactions 

When 1 ~ 6 ,  

When I=?, 
I'state bit" (1 or 0 )  
IR (7,J) containrs the value of the returning 

IR (4J) coatafns the value a€ the eendfng 

"state bit" (1 or 0 )  

Symbals Connected with the Memory Boxes 
*II 

th

fMTI(1) 	 containls the conatant equal to read out time of the 1 memory box 
IMT2(X) 	 contains a colnlrknt equal to the read out time plus the read in 

time of the Ith memory box. This method allows UI to eot  both 
clocks at onceo 

IK 	 contains a clonrtant equal to the highert addreas in the fast 
memory. This enable8 u8 to determine onto which buss (to 
f h t  or slow memory) information ehould be pZaced, 

c~nlzern8the Jth memory box. 
Whtn k2-5 this is the same sub-block ai3 we defined for 

burs aections and registers 
When 1=6, ]tm (6 ,J)  containpl the I1keylrof the Jth box that is 

it will allow us to pick out tbir box when we 
have idarmation headed for it,, 

When I= 7 fM (7 8 J) contain the amotipt of read in plus read 
out time left for this J memory box, 

Wdsn I l l ,  TM (1,J) same for read in time above 

An intuitive grasp of the program, obtained by following through the flow 

diagram, (Appendix n), rnay bo desirable before a detailed etudy of the 

actual program step by step, ie  made. Then, with the definition ofa  few 

Fortran etaterneat the raiader ahsuld be able te rndke his way through the 
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Three types of Fortran etxi~temcntsmage up about 9070of our program, 

They are atatemtnta, orDol'statements, and statemeats of the form 

A :Bo An t(U?lstatement, which is of the form "If (KOW) A, €3, C1' 

tbat if the curotenta O€ lacationtlKOW1tiEp negative tranafer to A, if sero 

instruction, It maye to perform the succeeeing Inrtructioao as far as, 


and including inatructioln numbered N aad then bagin the loop again. Each 


t h e  the program losrpa back the value of the subscript w i l l  be fncrtaocod 


by one, until the.inatruetione have been brrfed out WWI the value of I am. 


The statement of the farm A = B a i m g y  8€3t8the content 05 A equal to the 


content8 of €3. 


Let ua coneider the fo&whg portion of our program: 


10 Do 181 I a 2 , s  
L 
 ZhrBt (1, J) JBUX (I) 

IM (I, J) 0 IMTI (J)
IM (7,JJ 9 IMT2 (3) 

101 JBUX ( I ) =  8 

12 Do 162 J i  1,4 


- IF (IR(6,J)) 500,162,122 

When we transfer into statement 10 the value (J)has already been deter-

mined as the number of the memory box we are loobhg for. Also, the 

clock addreas of the memory in buss must have been aero, The "DOlaop" 

now sate the 704 sub-block aseociated with this particular Jth memory 

box equal to the sub-block associated with the in bumo JELUX (1). It aloo 
"W 

clearla the in busor during the fifth instruction, The rrdotrloop does not 

effect the third or fourth iartructions because their olnly rubocript is LL 
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J which has been fixed, Theee two inatructione, however, start the 

read+ and read-out time clocks by eetting the contents of the clock 

addreseeol e q d  to the cycle t h e 8  far tMr particular box. When this 

t r D ~ l 'loop 18 satisfied control praeeada to statement 12, mother tlDotf 

loop, The first statement in thir loop assks if sending regirtera 1, 2, 

3, or 4 want to start a memory cycle (Inthis program only 3 or 4 could 

poeklibly want to, ) That is, if the content# of the state bit addreem is 

negative transfer is made t o  500, a $top instruction, for t4ir address 

ahodd never be negative, If it is zero tranafer is made to 162 the last 

statement of the loop, which wilf. in turn send control to the beginning 

of the loop with the value of the subscript increased by one (unless it 

is already 4, in which:caee it goes to the next instruction outside the 
, .  

loop, If the contenter of the ''fitatebitr'address ia  a m e  and t h ~posi-

tive, transfer is made to 122 and etepb t o  inetigate a memory cycle are 

takeno etc. etc. Aa the reader can undoubtedly obeerve, the uBe of 
t 


'Fortran greatly clarifies and fiacilitkterrr airnulation programing arpecially 

through the aelf-oxphnatory nature of its instructions, 
* 



PRINT OUT 

The print out (Bee appendix ZV)is read as f o h w s :  Each of 26 

columns rapresentsz one of 26 general locatione (20 memory boxes, 

4 buss sectione, indexing A. V, 8 decoder), Each row repsaaaenta the 

microsecond, The number printed at the interaection of 

column L and TOW T is the number of the inrstruction which is tying up 

location L at time T. Thus, glancing across any row we can immediately 

Bee which units are tied up with what instruction8 at any given t h e .  Aleo, 

we may skim down a column and see how often a given unit i r  budy. The 

one remaining colunn give? the %tateft  of the indexing unit at ,1 micro-

second intervdls. 




