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SUBJECT: Preliminary Revised Chupter oil Exchange 

Attached fa a pralbhary lrevision of Chapter 2 of the Wrvast IlkDanuarl, 
which ir  intended to lead to a programnerr~emanual of the B4-W syr-
tern, Dlobscriptive material and section&on the external unit8 thernaelvao 
have been omitted. 

Alro attached ir a diagram rhowing the latest tbinking on instruction and 
index word fermata. The control word follows the iqdex wor4  format, 
It should be noted that the Class and Operation bite ( 9 bfts) are eUrmrztly 
undergoing further re-definition, but thfa deas not affect the remaining 
format, 

Plsaee circulate your copy among your group$ and bring erhy suggestions 
for chlrngae to my attention. 

WB/pkb.. 	 w, Buchhole r 

Enclrr, 
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1, Exchsnge obad External Unite 

That function af the  Exchange i 8  to dtrect and control the informatim 
flow between many inpteoutput u d t e  or external memory unite on the 
oas ride, and the internal memory on the ather side. In addition, the 
Exchange provides a numbe,r of common control facaitim to be t h e *  
shared among the extarnal unit&, thue keaping theare unitu a@ 04mpZcp 
a8 possible. 

The baslic Exchange permits up t o  32 external unite to be conncactsd Im-
mediately to the syetern. T h e m  units are of the kind which operate 
eerially, one byte at a time, at any reading or writihg rate which doem 
not excead.67,OOO bytes per second. A number of unite m a y  opepa$e 
simultaneously through the Exchange, either reading or writkg, the 
number depending on the speed. 

. * 

High*sgsed topes and dfaks follow the same philosophy of control a8 
,the baric Exchange, but separate equipment i a  required bscaurs the 
higher ~speceddoes not prmit ae mwrh tim&eharirzg. 

fuzthef extenition of the balsic Exchange i s  contexnpSa.tedwhich will  
allow a great many more units of much lower #peed to  be accorXlMO-
dated rimultancsou~~y.Among these unit$ -1 be WnUally operated 
~eviccssand low-rpgesxd data links. Specifieathnr fax ail r4clrkNa We 
not campbttr and it wil l  not be provided WthUy, 

Tkh Eacchangt prcwldecr a general rn8tkQdl of connecting manmy BifWent 
kinda of units to a cwputing eystem. TMuwQl fnclutb d i ~ ~ c l :bp& 
from rennata ~ m x c e s ,output to rsmcrte sfOtiatrsr eomxnuftlcratisxx with 
ather computer# whfeh are not a afrdsct part of the ayitsm, an$ input-
output units using teohniques still under dev.leprnsnt. 



2, Irartmlartilma Cantrot +L,mernalWlllftrs 

4. The methsd csf pragram control to be described in thir serctfon applies 
to all external unit8 .  * 

When inatructions apply to external units, the computer axaeutes all 
addrerae modification. Xt then rrende the addresses and the decoded 
aptbration to the Exchange, which completets the! exeaution of the in@-
truction by obtaining;the operand (control word) from memory and 
starting the external unit. This procedure permits the Exchange, 
before it accepts an inetruction, to determine from its stored status 
indication bite whether the unit i a  readyI and to rrandwicb into.availa 
able time periodla the extra cycle8 nscedlaary to atart an opwation. 
I3 that unit is not ready (for instance, if the! operator has etapptad the 
unit manually fox an indefinite time), the Exchange rejects the ine-
truction and sends a eignal to the program interrupt weahanitam, 

The earnputer waits until the Exchange has signalled that it hste a c c q p-ted or rejected the instruction. If the Exchange hsbppaollr to be quits 
hay ,  the computer m a y  have ta wait arbma tenra of rnicroeeconds be-
couoltb lt i a  mmda fhxible in its operation than mast external uziits. 
which carnet wait. I 

The conputerpww wait# for the ext;amaX uait to respend ar to Warh-7-
the oparation, which may take milliisecrsxlds to minutes. The Exchange 
takse over fur1 control and 
c'omplatac!. The dslaya 
and arparrattng timele, but it also waifm for:a tape wait to rawlad ~r ergacd 
w e e  6~ black, for a printer to skip lilzm, ete, , befwa idtiatha; a mew 
oparatisn. Thus aa instruction which has been accepted by the Eatahangt, 
may r a w i n  in the Exchange for some time before the operatian can ach 
tually begin, 

The basic principle I s  that the Exchange can 
the aomputar just as B Q O ~a8 the pravkour apemation for the 8 ~ m eunit 
haa bean ccrrnpjleted. This permits the computer program to continue 
withotit being held up by any delays which must be expected with extarnal 
unit$. An instruction will be held, if necewary, while a tape unit i e  re* 
winding, etc. The Exchange cannotS however, accept more than m e  
instmcfim for a gt;Wlen wi t  at ar fime, Any attempt t o  d~ thile rerdta fa 
a program intermaptian. 
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3. Capacity of Banic Exchange 
-


The Baetc Exchange can auuomodate 32 external unit @OzattOlS or 
"adapte,ret'. With more than one unit per adapter, thc number of 
unitar may go above 32, 

Wsually, each adapter aerves one external unit, but some adapters 
may have two taps w i t s  attached, I U ~that one can operate while the 
other i e  being rewound and loaded. Only om unit at a timss ia logiual-
ly canaarcted to it.te adapter and capable of reaponding to ecamputerhi~ 
tructionei no two units connected t0 the sama adapter can operate 
simdterrrrr,ously. L*OC;ATEinstructinna permit switching the adapter 
from one unit to another between operatisna, 

The Barafc Exchange permits a nvmber of external mitr to read 01: 
write airmtlfanaoualy, the qurnber depending on the speed of each 
unit opesratitq. The uh are placed Into three speed elarewu, each 
claea h w h g  h "weight" aktachcd to it: 

Speed Claar X 

$peed Clam II 

Spaad Clasrr JXI 

.> ,
, I .  

-	 60 micrsuaeoadr par byte cir rlowar -
weight of 1, 

- 30 to 60 microoacranda par bytr -
weight of 2, 

-	 15 tea 30 m$(rrarrsceHIdciper bfla -
waSgbt of 4. 



/ 
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4. 	 Reading and’writing* The baaic reading and writing opebation proceed&as follows: A READ 
or WRITE inatmction ie  given by the program to initiate the operation, 
The: instruction specifiers the external unit and a ‘‘control word” location 
in memory. These two items are sent to the Exchange, a i d  the compu-
t e r  program advance$ to the next instruction. 

The 	Exchange, then obtains from memory the control word whic defines 
I Pthe beginning and end of the rnemoyy area to be used for reading,,writing, 

The debired unit i s  then started and reading or writing proceeds until 
the entire memory area has been usedr ata indicated by the contrd word. 

There are three variations of this operation: 

(a} 	The external unit may terminate reading or writing Of it reachers 
the end of a block before the entire memory defined by the con-
trol word has been used, READ and WRXTE terminate bywhich-
ever of these two condition$ happantfirrt. 

(b) Xf the inetruction =AD MULTIPLE or WRITE MULTIPLZ 10 
w e d  inotead of READ or WRXTE, operation alwayrr continuers 
until the specified memory area i s  exhauoted. Thur more than 
one block may be read OP wtitten with O P ~inotruction. The d y  
exception i s  i f  the external unit i s  stopped by some othetr colUqie 
tion,lauch as end of file. 

I 

(6) After the memory area defined by a clMlltro1 w w d  i$Ctxhwitedr 

i t  is porrriBl0 for the Exchange to aruibortituts another armtad 

word and continue, without $topping, b thts mernolry dsfhed 

,bythat contra1 word. This fdature, called “8eatter-r%rrdrtor 
tlscatter-writttti e  described below. 



m 5.1 Data and Limit Addressela 

READ and WRITE instructions include the addrcsret of a control 
word in m e m o r y  to be used by the Exchange in executing the operation, 
The control word, as stored in memory, contains the address of the 

Ma 

Basically, the control word follows the same format as the index I'J mt 

words used by all instructions. Thus the same word m a y  mrve a s  a 
control word while reading a block of data, as  an address modifier 
giving the'base sddrt s s  of the block while computing, and again, as a 
control word while writing that block. 

I 

The data word addrese i s  contained in the word address portion 
of the Value field. The Exchange ignores the bit addrese and sign porm 
tions of the Value field. 

The word addralse portion of the Limit field determine$ the end 
of the data tranafer (if it has not been terminated by &.her msane, a s  
explained below). The number of word8 transferred i e  then the diffe-
reqce between the word address in the Limit field and the initial data 
vdord.addrees, ignoring signs and bit addresses. Thus the Limit Se 7 
one word addretile higher than the last addmes actually uasad in memory, 

The Exchange can only handle and addrega blocks of information 
starting at the left end of a full word in  memory and containing an inte-
gra l  number of words ( i . 6 ,  , a multiple of 8 bytes), An extsrnai unit . 
may, however, terminate operation at any time before the Limit ad-
dzerrr $8 ralachsd. U, during reading, the laet word has not been corn-
platad, the Exchange fhiahea the shifting proceea, filling in sera bite ' 

r013the Fight of the laat word, before sending the ward to memory. 

5 . 2  Control Word Interrogation 

Normally, the Exchange operratltele.with external units independently
of the computer program, from the timer tha program initiates an opera* 
tlon until the tima the Exchange aignals ta the computer the end of that 
operatian, s b  deecribed below, At that time, it i s  posgible for the corn-
puhr pragram to  tntarrogata the contrel ward ta 0btain mom infcmnation, 
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E t f l A c r  C o ~ Q f p ~ cWolQI) 
The instruction $epscificae an extam1 
unit whom current control word i e  transmitted to the memory addrasa 
a l w  specified by the in6truction. By the same procedure the program 
may at any other time, if desired for special procedure$, monitor the 
progress of the operatian. 

The control word thus obtained containis information a8 to the 
status of the external unit and the operation performed. These "status 
bite" are placed by the Exchange in the 14 positions corresponding to 
the bit address and sign portions of the Value and Limit fields. The 
statue bits are listed in a later eection. 

In addition, the control word will contain the next data word ad-
dress to be used, All  previous addressee are then known to have been 
used already and to be available for further operations, except that it 
must be realized that iome kinds of er rors  are not detectable until. the 
end of the block i s  reached. 

5. 3 Scatter-Read and Scatter-Write 
Cha iu\  

The rcDlrm bit in the index word define8 whether one or more than 
one control word ir to be wed. 

C A * h
If the -bit is 0, the present control word ir the last one. 

CARin 
I If the 3BRQ2 bit i e  1,  and the limit in the present control word hasl 

been reached, the Exchange automatically obtains another contrd werd, 
To do thh, each cmtrol wovd contains a GhaSn addreesr which i0 the ad-
draars of the next wntr 1 word to be used. The fast contra1 w w d  in the 
chain must contain a# &&%it of 0 to atop the operation, unlarae it is 
planned to have the external unit determine when to atop. 

'SUBtechnique ier w e d  to  permit scattering of pO;t.tiQnrJof a block 
of informatton in difiklrant a m a s  of memery, 

The @cattex*readand ecattar-write f6aWrs i6  nlat avallabh with 
high-speed tapes and dirks becauese of time limitattonrr. 

, 
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F-- 0  6. Iastrrracttions 
w e  

The following 3 ihrtructions are all that Pa needed to control any caxtbrnal 
unit regardless of apeed, The computer and Exchange da not differentiate 
between different kind8 of units which have differant operating characterir-
tics, The exact interpretation of how a unit responds to each instruction 
is a functfen of the design of the external unit and will be described in COPI 

nectfon with each unit, 

6 , l  	 READ 

WRITE 


These inlstructionr initiate a reading Qr writing operation, The Se-
cond Address specifies the external unit and the effective Word Addresls 
specifies the first emtral word to be usedp The control word, in turn, 

/ he data addresses in memoryo S m m m ~  

Information transfer i s  terminated either by 8 signal from aa ex-
texlzal uait QX by the data addrers in the lrast contral word reachtng the 
epeclfied limit, whichever happens first, If terminatfan by limit O G C U ~ I  
bsfsrcs, the unit haar reached the end of a block, the unit cmtlnuear tt, f h  
end by itueif, independently of the Exchange, before permitting another 
operation t@starto On reading, any partly filled word at the and @fa 
I#adt ia completed automatically by filling the remainder of the word wifh 
YZBIXQ~before storing it in memory, 

6,2 	 REAX) MULTIF%E 

WBYTE MULTIPLE 


These inrtructsons are the same as READ and WRITE, except t b t  
'idormatim translfer ir permitted to continue beycrnd the end of a block 
on the external unit, Information tranefer ia  termhated when the last 
cmatrol ward r e a c h 8  itpr bpecffied limit or when the external unit reacher 
the and C Y I [ ] E ~ ~ S O ~ +die* (Ch L r t r g f  o c t u c ~ ,  

Each time the external unit afgnds the end of a black, a new word 
ie, started in msmoay, When reading, any reamaindef of the lrrt word sf 
aoch Ws& So filled with aerw before r t w b g  it in memory wid pxscsnd-
lng fo beginning of the next block. 
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.I, 6 , 3  CONTROL 

The effective Word Address is sent a8 control information to  the 
external unit epecified by the Second Address. 

The control information is decoded by the external unit to per -
form such function$ ad: 

4 Rewind tape 
Backspace tape 
Space o r  skip on printer carriage 
Turn on RESERVED light 
Turn off RESERVED light 

A single byte at the left efid of the Word Address is sufficient to 
specify control for moet units; the remainder is then ignored by the 
unit, 

604 LOCATE 

The effective Waxd Address is eent a8 an addrees to tho external 
unit specified by the Second Address, 

Thia instruction is used to eet up external addrsnaee on disk unit&, 
electronic printer-plotters, autamatic tape cartridge changerr, and r i m  

milar devices, It i e  also used to select one of rrcveral unit8 connected 
to  a riagle unit adapter prior to the firat time an instruction i s  given to 
that unit, Acceera to the specified location or unit i a  initiated, but the 
READ car WRITE instructions may follow at any time, whether acceie 
hae been completed or not,, 
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-*) 6,6 EXTRACT CONTROL WORD , 

The current control word corresponding to the external unit 
specified by the Second Address is  sent to the location specified by 
the affective Word Addrcss. Bit addresses a r e  ignored, 

6 , 7  ENTER CONTROL WORD 
4 

This instrdction is the same as  READ (or WRITE} except that 
the unit is never started and no data a r e  transferred. The Exchange 
merely sets  up the control word specified by the effective Word Ad-
dress in the Exchange memory location for the external unit rspecified 
by the Second Address. The etatus conditions controlling READ (or 
WRITE) also affect ENTER CONTROL WORD in the same way, 

i 
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2. 7. Statue of External Unit 

To permit the Exchange to control several external units, it must have 

available information as  to the precise status of each unit, This infor-

mation appears in the Control word in bit positions 18 to  24 and 55 to 61, 

which corrsepond t o  the! otherwise unused bit address and sign positions, 

The status bits are also available to the program on interrogation by 

means of EXTRACT CONTROL WORD. # 


The status bits have the following meaning: 

Bit 18 - SELECT FOR READ 
Bit 19 - SELECT FOR WRITE 
Bit $0 - SELECT FOR READ MULTIPLE 
B i t 2 1  - SELECT FOR WRITE MULTIPLE 
B i t 2 2  - SELECT FOR CONTROL 

1 Bit 23 - SELECT FOR LOCATE 
These bite Indicate that a corresponding 
operation is in progrese for that unit, 

Bi t24 - INTERRUPT WAITING 
Thie bit indicate8 that an Interrupt con&- ' 

tion has not yet been sent to  the computer. 

Bit 55 - END OF MESSAGE 
This is the normal aignal indicating that 
an operation initiated for the unit has been 
rucc=l&iiy cornpietea, 

Bit 5 6  - UNIT NOT READY 
The unit i o  not in a condition t o  be operated 
from the computer:, This bit combines cun-
ditiona such a8: out of material, etackar 
full, operator stopl power off, control errort 
and mechanical malfunctioning, 

Bit 57 - UNIT BWSY 
The unit is in the proccssar of executing an 
instruction previously given, Thirr bit may 
remain on even after the Exchange has c ~ m u  
pleted its part of the operation? e. g, the 

I unit remains BUSY while it $8 rewinding 

.-















