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COMPANY CONFIDENTUL 

A review of the 
S T R E T C H  P R O P O S A L  r, 

February 7, 1956 

The 	following study group has reviewed the subject proposal: 

Applied Science: 

3, W. Backus 

5. L. Greenectadt 
3. B. Jackson 

j?. E. John~ton 

W. F. McClelland 
D. W .  Sweeney 

Englneering: 
E. M. Boehm 

Product Planning: 
3. E. Criffkth 

z 	 The study group finds the propooed computer weak in certain areaa. 
These! areas are l iated below in order of importance, It is felt that 
the recommended changeer in theme areas ahould either be included In 
the original proposal or offered at additional cost in order 
Los Alamos that a satisfactorily balanced machine will be available, 

1. The total random accesa rstorage capacity of themachine132,000 words) i a  entirely inadequate for a macYP lne. -
having the proposed arithmetic speeds, 

a. 	 This 32, 000 word storage capacity is already 
offered with a machine (the 704) having approxi-
mately 1/200 the arithmetic epeed of the Stretch 
machine. 

be 	 The largest matrix which can be stored i n  the 
main storage units of the machine can be i n -
verted in approximately 20 seconds, 

C. 	 The access time of the high a p e d  RAM units- is 
euch that it is not feasible to transmit blocks of 
inforrnation smaller than 10,000 worde. A 
32,000 word atorage capacity then permkte only 
three blocker of information to appear in storage, 



- --- 

-2-

b 

e, 	 cant, 

A well balanced machine should have a storage 
capacity to  contain at least ten blocks, The 704 
main atorage can contain seventeen 
"blockffof information from an auxiliary storage 
unit ie here considered to have a number of c 

t:words whose transmimkm tiqie from the unit is 8 
1 ) - - --".__.-- ---. 	 ICI 

twice the average accegs--$imeof the chit, 
st" 

Recommended storage capacity: 
Sixteen 8,192 word two microsecond access storage 
units (inetead of four such units),  T c h l :  131,072 
worder, 	 -.----___ 

2. 	 The high speed (. 5 microaecond acccas) storage capacity 
(1,024words) is inadequate. 

a, 	 Storing instructions in the two micror;eeond access 
units causes the machine t o  operate at  1/3 t o  1/10 
its potential rspeed. 

; 
b. 	 Few programs will fit in the proposed 1,024 words - _

of ,5 microraecond access unit8. Thus, a large 
* . 

portion of many programs wi l l  operate the machine 
at a small fraction of its top speed. 

. 
c. 	 Dr, Kolsky of Lo8 Alamos states that i s  likely in 

future problems that hydrodynamics calculations 
which require 10,000 701 instructions may appear ' 

aimply as subroutines, 

Recommended 5 microsecond accesrs atorage capacity: 

Eight 512 word units (instead of two axeh units). 

Total capacity: 4096 words. 


---r-%. 

3. 	 Facilities for removing large volumes of iaforrnatiaa from 
the machine for later re-entry are inadequatp. 

a, 	 Twenty minutes are required t o  dump 2,000,000 
words from d i s c  atorage onto a 727 tape unit, Thus, 
when examination of certain priG itlfomation is 
necessary at some intermediate atage of a calculation 
before continuing, as much a$ 40 minates may be 
required to clump and re-enter the appropriate infor-
mation. 

I 



b. 	 During the process of unloading one partially cam-
plcted problem onto 727 tape, the mac 
atherwise useless if the next protlen. requires the 
uee of the d i s c  atoragc being unleaded. 

c. 	 LOSAlamos anticipates frequent oceurr;~nceof the 
c&ituatfonsreferred to in a. and bo above, 

Recammertsded facilities for removal and re-en 
mation into the nuchine: 

Two magnetic tape u n i t s  (instead of none) capable 
of recording or delivering more than 15,000 words 
per 	second, '-.I cO-*ILs. 

4. 	 Fiacilftiea for providing initial input information and recording 
final output at  speeds commensurate with thbt of the machine 
are inadequate, 

a,, 	 Loading a 180 x 180 matrix and recording ita inverae 
OM 727 tape requirte 40 seconds, Inverting the mal;rtr 
requires 20 secondpr, 

b. 	 In the 704 two zriui~pli~~~~ona can be performed in 
the time required to enter one word from 727 kpeo. 
In the Sfretch machine, 800 3-34.tip1iC2t18 can be 
performed in the time required to enter a word 
from 727 tape@, 

Recommended facUtirt8 for prodding idtfal input and final 
output at appropriate speeds: 

Auxiliary equipment for recording input hformatlon 
on the high performance tapee recommended in 
item 3 above and for  printing or preparing 727 tape8 
from information on the high performranee tapas. 

5. 	 The ultra high speed (. 2 microsecond aceem, rransistor) 
storage capacity (16  worde) may be i ~ d e q u ; ~ z t e ,  

ar 	 The rate of flow of instructions from , 5  micro-
aecond fast storage is frequently not quite adequate 

, 	to operate the machine at full effectiveness, There-
fore, it is often nsceasary to u0e ultra i'ast ratorage 
for all index quantities and intermediate. remilts in 
order to obtain these quantitiee at the proper rate 



_ _  

without interfering with the flow of instructions, 

Recommended ultra !dgh storage capacity: 
Sixty-four . 2  microsecond transistor re~ i s ters  
(instead of sixteen such registera) 

6. 	 In general, the greatest weakness of the Stretc;';tkcomputer 
as propoercd is its lack of adequate random acciha storage 
capacity. A n  incream of euch capacity to 131,072 words 
is recommended because this ira considered the largest 
economically _*feaeible capacity obtainable using present', * , -

meth.ods of constructing random accem storage devices. 
However, the study group wiahes to epnipliasizc in t$e 
strongest possible manner that it conaiders random accecps 
atorage capacities in the neighborhood of~~~~~~~~n~ 
more words e~aentialto a well balanced rnachiiie with the 
speed of the Stretch computer. It seem8 clear that any 
proposal to Lo8 Alamos offering raridorn accea6 storage 
capacity of about 1 , 0 0 0 , 0 0 0  words and any  reasonable 
machine organization s t a d s  an excellent chance of being 
accepted even at increased coat, 

I
It is suggested that a stong program in IBM to develop economically 
feasible 1,000,000 word random accees storage devicers would be of 
inestimable benefit to a11 areas of our future EDPM business: scientific, 
industrial, and commercial data processing. It is furthets suggested 
that IBM give careful consideration to indicating in its proposal to LOB 
Alamos and any similar proposals its intention to embark on such a 
program for developing very large random accem storage devices. 

1In order to supply information to the arithmetic unit of the Stretch 
machine at an adequate rate, the udte  of a very large random access 
etorage require individual accegs times of less than ten n-icm8econds. 
Far cemin classerr cif problcna, multiplexing techiqueei of the look-
ahead type would fail to provide an adequate flow of inforhation u d e a s  
the acceLts time to an i n d i v k k d  unit of storage l a  lesa than. five micro-
seconds, fncreages in the speed of the arithmetic unit beyond those 
now proposed would require corrteponding decreases in the ij lCCe88 

time to each unit of storage if the arithmetic unit i a  to be kept reasonably 
busy. 

Below are l i s ted  ~ o m eof the considerations which indicate the increasing 
importance of very large random, accese atorage devices for data proc-
essing machines of the future. 
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1. 	 A large proportion of even the problems of today i n  the 
scientific, industrial, and commercial areas require 
storage capacitier in excess of 1,000,OUO words. Most 
of thia storage capacity today i e  necessarily in &he form 
of non-random accese storage such a s  tapes, drums and 
disc  $torage, 

We are encountering many difficulties with the non-random 
access propertiee of these large capacity storage faeilit5ics, 
The frequent nccerserity to sort information atored om taperr 
and the ohwners of the sorting process hi an indication of 
the 	need even today of large raqdom access storage. 

3. 	 Ctrtain present day probleme are such that solutions are 
completely not feadble unless the data can be stored €n 
random PCCCSB ratorage, Examples: (1) obtaining the r_o_oter 
ofmatrice?. (2) M g ~ t e - 3 g l ~  ft i s  not un-‘r” I calculation&, 

reasonable to assume that the higher sipetds of future machine8 
will 	make possible the solution of much larger problems of 
these types, thereby requiring random access storage capac-
ities fn e x c e ~ 8of 1,ooo,ooo words for their eo1utioa. Certain 
other types of calculatians are such that they may require 
very much snore machine time when non-randorui acceiw 
elorage must be used for data than the time required when 
adequate random accese storage is available, Linear-pro-
g-.--- probloma a d  other scheduling calculations arcramming” 

examples in the area of induretrial problems. Certain rWle 
maintenan-ce- and 89~@143jobs are example8 in the commer-
cia1 areao In tho racientific area an example which may very 
we31 conatitute a large portion of the calculahtiorvb performed 
at*LLosAlarnota is that of the aolution of hydrodypamjcs prob-

F -- - - - I -

lems over a network of points whose neighbors change during 
the calculation. 

.m , 

4. 	 The major time and cost involved in planning the solutions of 
moat large problems is aslsociated with plannin the organization 
and transmission of Information in non-randarn ccts8 sborage. 
Planning the efficiong u ~ eof this auxiliary storai_;ois corres-
pondingly the m-08%difficult, if not hpos8 ibfe ,  task to have 
performed by an automatic programming ayatem, 

J 

The best non-random access storage device now contemplated 
for the Stretch machine, the RAM with 6 micro econd per word 
transmiasion rate, cannot erupply information at an adequate- rate to keep the arithmetic unit buey for a very eignifjtcarit clast3 
of problems, those involving large matrices, In matrix multi-



plication where neither matrix fits the random access 
storage, the calculation proceeds at half speed,

- I - w ~ - ._*l'. 

6, 	 The Stretch machine and other future marchhers d l 1  produce 
results at a rate which prohibits their complete human 
inspection. Thus, future computers must be able to loc%te 
intereating or.exceptional results for detailed human ex-
amination. Their ability to do ao will depend almost entirely 
on the ability to rearrange information rapidly according to 
a variety of criteria. Such an ability to rearrange h p l i e 8  
large random ~ C C I U Sstorage, t 
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I, Introduction 

This report describes, in summary, the presently acceptad form of the Stretch 

computer, The form of the machine, as herein described, ie the reeult of a rather 

dynamic convergence of opinions about what is desirable and opinions about what is 

feasible, Since these two sets of opinions do not always converge, the form of the 

machine must change in order that divergences are changed into convergences, The 

overall effect is thus to force a general convergence toward the form of the machine 

as it will be. The form described here wil l  be subject to violerr fluctuations in the 

future, for new hardware possibilities and opinions about what is basically desirable 

must change the form as much as possible, in order that the rate of convergence be 

as high as possible. 
L 

D %* *  A s  is presently conceived, the Stretch computer wi l l  be made up of two computers.

_Lwq 

Theare computers are complete in themselves and capable! of independent or integrated 

operation, The reason for this is that it allows a certain degree of independence in 

the planning and design of the system, thus simplifying some of the concepts of a 
1, 


r~yatemof such advanced capabilities. The principal difference between the two 

computers is that one is slower in operational speed than the other. The slow 
e 

machine wil l  be about 10 times as fast as the IBM Type 105 system and is daaigned for 

both commercial and scientific probleme. The fast machine w i l l  be about 100 timer 

as fast as the XBM Type 704 system, and it is slanted toward t h e  specifically scientific 

or technical area of com?utation, It is this machine which w i U  satiafy, for the most 

part, the AEC contract with IBM. 

This report wil l  describe the two machines separately, but it is expected that , I *  

p e rs
of overlap wil l  mrve 

to make the joint use of the two m~kchbcssi s  practical as posri 

there w i l l  be many overlapping concepta in the two, The s m ~  



11. 	 The High Speed Machine 

A. 	 Introduction 

The High Speed Machine is composed of three basric units: memory, arithmetic 
a* 

unit, and decoder, all three interconnected by a bus aysttm witqappropriate input/out-

put cannection. 

Present  day opinion ha6 established the feasibility of producing a memory 

of 2 .0  w e $ .  full cycle time in large enough quantities to be used in a machine such ae 

is contemplated. However, in order to have computing speeds that are 100 t k m s  

faster than the 704, it is neceserary to have a baaic arithmetic rrpocd of the order of 

one microsecond per operation. This epeed is somewhat incompatible with the 2.0 

usee,  memory cycle, as it implies that the arithmetic unit can chew up data twice a8 

fast as the data can be obtained from the memory. There is also another problem: 

the instructions must also be procured from the bame memexy as the data, offering 

another block to the goal of getting a computer 100 times faster than the 704. W e  

therefore appear to be in a quandry; the arithmetic speed of 1'0 U B ~ Cis too fast for 

a machine with  2.0 USBC. memory; i t  appears that the overall speed of the machine 

wi l l  be limited by the many neceeaary references to the 2.0 usec. memory, 

The solution to this problem lie8 in the possibility of multiplexing the vlrrious 

units of the machine so that more than one unit can be operated at one time, In fact, this 

appears to be the only way of operating slower units e o  that they can keep up with 

faster unita, The unit size of the 2.0 ubec. m e m o r y  aids thia idea, for tha'memory 

w i l l  corne in blocks of 8192 worda, each block w-ith its owa memory register, so that 

the blocks m a y  be multiplexed by adding sufficient control hardware. It can be shown 

that this can be done and that, on the average, the delay due to 2,o usee. data references* 
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I 

b w  
can be made sufficiently small to be ignored, 

HoweAer, there i a  still a problem; if instruction8 a8 wel l  as data are 

stored in the 2mO up~ec,memory, these w i l l  still be a delay due Eo the many instruction 

, references that are nsdesrrpary, Due to the ordered manner in which these references 

arc taken, multiplexing does not offer an adequate solution, 
u I J e ~ i a t s 4  

For the Stretch machine, this problem will be a & h m & d' by the introduction 

of the notion of a memory hierarchy, that is, a memory made up of unita of various 

speeds, Specifically, a special memory with a cycle length of 0- 5 uaec, has been 

introduced as a special instruction storage, 

quantity than the 2.0 u a t c .  memory,Ikc the 

This memory w i l l  lie much smaller in 
LL.e*5)S4s5-= , 4 *  r * r * t a 4  "rl 

Memory (as the Om 5 uiec .  cycle 

memory ier known) is more expansive and only enouglf is needed ta contain the program, 

'cv 
Another even faster (0.2 UIGC.  cycle) memory iar included to Beme a8 a 

block of index registers, Thia memory allows the indexing proc:erss to proceed at a very 

high rate and thus contributes to the overall speed of the machine by lessening tzle time 

needed to prepare the final effective address, 

Thus, the computer has a memory made up of units of 3 different ~ p e e d s0 

2 .0  ~ s e c . ~O m  5 umc. 0.2 usee. It is arsumed that any combination of these may be
? 

specified for a particular installation, 

The decoder is the unit which i s  concerned with obtaining and indexing in@ 

structions, multiplexing the various memories with each other and the arithmetic 

unit, and executing the operation called for in the most fficient manner, Due to thele 
d ~ r e p a n c ybemeen the 260 U S ~ C ,memory cycle and the 1.0 usec average arithmetic 

"(iurrrr 

cycle, it is necessary to buffer the decoder with two or three registers which contain 

indexed instructions ready for execution, The relative slownaas of the memory can 
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be discounted by a buffered decoder, and the decoder wi l l ,  as a general rule, allow 
'iw 

the arithmetic unit to operate as  if it w e r e  looking at a 1.0 usec, memory. If the 

speed of the 2.0 usec. m e m o r y  could be increased to L O  usec, cycle time, the 

buffering could be excluded from the decoder with a small increase in overall 
;P 

performance of the machine, 

Two new philosophies have been applied to the multiplexed operation of 

the machine: one, the asynchronous operation of the various units of the machine, 

including the memories, arithmetic unit, and input/output equipment; two, the non-

sequential execution of the instructions to provide for a very high simultaneous use 

of the various units of the computer. These philosophies are manifested in the 

design of the decoder which serves as  the central control for these simultaneous 

e ope rations. 
b 

The arithmetic unit is a completely self-contained unit which wi l l  operate 

in either f ixed or floating point notation. This arithmetic unit retains the original 

operands until the correct answer has been produced. Also, the arithmetic unit 
Jt 

requires only as much time as is necessary to produce the correct answer; this 

means that the a c t u a l w 

time needed to produce the correct answer depends on the operands thamselves; 

in pqrticular, the number of binary m e a  which make up the numbera determines 

the time required. This feature is particularly valuable in an asynchronous machine, 

for it allower the overall speed of the machine to vary with the size of the operands 

used. Thus, i f  the average operand is %mallqtin size, the computer wi l l  operate at a 

higher speed than if the average operand is "large1'in size; alsoc the adjustment in 

I.pllrup epeed is continuous and automatic, and the decoder takes advantage of any variations 

in speed. 
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At  this point, we w i l l  now begin the description of a machine that is founded 
f 

hw  
on the three basic units described above. 


111, Information mow 


A. General 

The computer is  basically a bu~pecyrstem to which is connected the memories, 

decoder, arithmetic unit and I/O. Appropriate control ie provided to switch tach of 

these units to the bus at the proper t h e ,  

B. Memory 

There wil l  be, at most, memories of three different speeds. Ths two higher 
Speed

speed memories are necessary to account for the difference in the Ilit)rd of the slowest 

( 2 . 0  usec. Data Memory) and the average operational speed (1 .0  usec. ) of the0 

arithmetic unit. The memories are a s  follows: 

b a, Data Memory 2 . 0  usec cycle 

b, Instruction Memory - 0 .  5 usec cycle 

c. Index Memory = 0. 2 usee cycle 

Since each type ofmemory is for a special purpose, the speed is  specified 

according1y. 

1, Data Memory - 2 b 0  usecs. This memory w u  come in blocks of 8192 words, 

and each block will  have its own memory register and memory address register. This 

type of memory may be increased in blocks of 8192 wordar and the addressing wi l l  be 

eequanced such that auecees i~aaddresses wi l l  be in adjacent blocks of memory, In 

case an odd number ofblocks is attached to the machine, one block m a y  contain 8192 

dm a d d r e s s e d  words, The machine addressing system w i l l  provide 

b for direct addressing ofa location in a memory of the order of one million words, 



and therefore, the data memory of tho machine may be built up of 8192 word blocks 
b 

until the maximum size is reached, 

Since all memories are composed of 64-bitr words, they are all compatible 

and any memory may be ueed for any type of storage such a s  data, instruction8 and 

index quantities. 

2, Instruction Memory a 0 ,  5 ueec. This memory wi l l  be available in 

blocks of 512 words. It is expected that this m e m o r y  will  be used principally for 

instructions, but it can be used for any type of information desired. The addressee 

of locations in this memory w i l l  fall in the low order range of the one million locations 

provided in the address structure of the machine. It is expected that the maximum 

amount of Instruction Memory that can be installed on any O ~ Qmachine w i l l  be about 

4000 words, It is probable that the addressing sequence will, be interleaved acr08a 
b 

adjacent memory blocks as in the east of the Data Memory. Mowaver, if the t i e i n g  

i s  propitiours another arrangement may be used; successive addresses wi l l  be placed 

in one block thus allowing a seventh1  placement within each memory block. 

3. Index Memory 0 ,  2 usec, This memory wi l l  be available in blocks of 
tLi 
m words, This memory is intended for u s e  a s  index register atorage and as aWtJUhry 

accumulators, It w i l l  be connected to the bus as an adjunct to the Data Memory and 

the Instruction Memory. The addressing eequence w i l l  be placed in the lowest-order 
s t a r t  

range of memory addresses. Thus, the memory addressing saqrence wi l l  with 

the Index Memory, proceed without any gaps into the Instruction Mernoty, and finally 

extend into the Data Memory, 

4. Address placement. It has been arbitrarily decided that the Data ?",.
f, 

MemDry w i l l  start at location 4096 and extend as far as neolc!mary up to a maximum 

of 1,048,576. 
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The Instruction Memory w i l l  occupy those location from 4095 downwar& 

It is assumed that a maximum of 4095 words of Instruction Memory wil l  suffice. If 
\ 

\ 
any customer wishes more than 4095 words of Instruction Memory, the line 

m a y  be moved up to $192, but this should be done only as a larrt raoort, 

The first  4096 words of Data Memory are assumed to be unavailable, for 

these addresres are occupfed by the Instruction Memory and thu Data Memory. There 

is, therefore, the implication that the first 4096 words of Data Memory must be 

'rersrbmedfor other uses,  even if  all of the address are not uaed. It is possible
---?---

that there wil l  be an engineering solution to this problem such that the loss is virtual 

and not real. -
C. Memory Bus 

The bus system in the Stretch computer w i l l  be, in a conceptual aense, one 

common, bidirectional system which is common to all memoriaa, the decoder, the 

control arithmetic unit, the arithmetic unit, the 110 Exchange and, i f  nece uaary, 

the I f 0 Computer, Figure 1 gives a schematic view of this syiPl?tm: 

Mamor Memor 

Figure 1 
i 
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Thia syetem involves a bue which is common to all basic units thus 

allowing the transfer of information between any two units during any 0 . 2  u6ec. 

period. 

The actual bus system, as finally designed, may include more than one 

bus as shown above, but the final decision must depend upon consideration of 

engineering feasibility and overall machine performance, For instance, in ordee 

to achieve the desired performance on a set of typical probleme, it m a y  be 

nececrsary to have a separate bus for transmitting instructionrr from the Instruction4 


Memory to the decoder. 

D. Instruction Flow 

1. 	 Instruction Counter. Thia counter wi l l  denote the location of the 

* 	
last instruction called from m e m o r y  into the Instruction Regicrtar. Thia counter will 

be available for modification, and its contents m a y  be read out at any time into the 

memory, Control Arithmetic Unit or Main Arithmetic Unit. 

2, 	 Instruction Regieter. This register receives the inrrtruetion from 
u 
 a d  

the m e m o r y  register. Al l  indexinghother address modification takas place in thin 
I 

register, A special Control Arithmetic Unit is associated with this register to 

perform the arithmetic required for indexing operations, The Instruction Register 

has associated with it a decoder which w i l l  decode and execute instructions which 

do not 	involve the Main Arithmetic Unit, 

Instructions which refer to the Main Arithmetic Unit proceed on into 

the Decoder after their addresses have been properly modified. No address modifica-

tion of any kind is possible in the Decoder itself. 

bru 



irrwl 3, Control Arithmetic Unit. This unit comprises a 26 bit accumulator 

with sign control, It is capable of addition or  subtraction of signed 26 bit 4 numbers 

in integer form. The normal address wil l  be a 20 bit eigned number, and any 

arithmetic operations will  be accomplished in the high order (left hand) 20 bits, The 

low order a i x  bits are for use in bit addressing wherein the address of any bit in 

memory m a y  be repredented by a word address of 20 bits and a bit addre88 (of any 

bit within the word addressed) of six bits, 

Multiplication operations may be performed on 10 bit integerr but 

,ata loss in time, 

The normal mode of uae wil l  be such that the operation of the 

Control Arithmetic Unit w i l l  be rpecified by suitable modiffers in the inrtructioa 

itself, However, a set of special commands w i l l  allow the unit to be programmed 
w 

in a manner ahalogous to the Main Arithmetic Unit to handle cases not included in 

the instruction format. For example, the operations of multiplication and division 

in the Control Arithmetic Unit m a y  be initiated only by one of the set of special 

commands, Shifting in the Control Arithmetic Unit w i l l  also not be pos8ibh except 

when specifically instructed. 

4, Decoder, This unit consists of a decoding register and severa l  buffer 

registera, The normal flow of inatructions w i l l  be from the Instruction Regiater, 

where they w e r e  indexed, into the first becoder buffer register, thence into the 
d r c d c v  

second -buffer register, thence into the third - - = stc. until the decoder 

$egister is reached. The number of decoder buffer regiaters is dependent upon the 

relative speeds of the components in the machine and the desired degree of performance. 

b v  In certain cases, it  is pos8ible to initiate a reference to Data Memory from aome of 



the .buffer registers, but this action is dependent upon the instruction contents of 
b v  

the buffer registers and the Decoder Register a id  i a  not a feature that can be 


accounted for or used by the programmer, 


The original location in m e m o r y  of each instruction is carried along 

with it in the buffer and Decoder Register, and i s  lost only when he execution of an 

fnatruction has been completed and no automatic breakin action8 are required, 
e M+:*-

, 5, Execution Control, The ' of the instruction wi l l  proceed until 

the end-of-execution signal is given at which time the option of breakin must be 

examined, If no breakin is possible or specified, the next instruction may proceed 

If breakin is taken, the next instruction m a y  not be initiated until a special trigger 

ics sat by the program, 


E, Data Flow 

b v 

The data being transmitted to or from the Main Arithmetic Unit w i l l  always 

pass thru the S register which serves a8 a connection between the buer ayatem and 

the Arithmetic Unit proper, If the data being transferred to the Arithmetic Unit is intendm 

for any register other than the S register, then the data must be transmitted from the 

S register to the other register. Figure 2 shows the layout of the Main Arithmetic 

Unit and illustrates the registers which are available to the programmer, 

Bus 

Figure 2 



The S register is 64 bits long and serves as an operand register for 
p* 

arithmetic operations and also a8htermination for the bus system, The R register is 
and 

64 bits long 08 is used to contain the remainder in divide operations. The A regioter 
e x c e a  in 

is 112 bits long and i ts  -length is one mantissa length exactly so that floating 

point operations may be extended to produce double precision mantissas. 

The Main Arithmetic Unit a lso  includes a 96 bit parallel adder to produce 

double precision a m w e n s  for the normal floating point mode of operation. In addition, 

there wi l l  be a shifting matrix included in the Main Arithmetic Unit, 

This shifting matrix will be capable of shifting any group of adjacent bits 

to any other position in any other register. It w i l l  also be possible to shift any group 

of bits to any other position .in the same register. There wil l  be, in addition to 

shifting operations, appropriate masking facilities for both the transmitting and 
b w  

receiving register and optional dontrol for a11 of these foatuter, 

Suitable checking hardware w U  be aesociatcd with the Main Arithmetic 

Unit such that all answers produced by arithmetic operations wi l l  be checked and 

corrected if poaeibh, This impxes that the original operands must be retained until 

a correct answer is produced, and thus there may exist some regirtsrrr in tha Main 

Arithmetic Unit which are necessary for producing checked answers. These, toa, 

wil l  probably be made arafiabla to the programmer if  they exfat, but the use of theas 

registers will  be severely limited by the implications of their principal use. 

II. Word Format 

There w i l l  be, of necessity, severaf different word formata in the Stretch 

Computer, This ia neceasary in order to provide flexibility and high rpsed psrformancr.
* 

b w  One m a y  design a machine with only a few formate, but the invariable result is l o a s  



tY,r 	 of speed in some applications, In order, therefore, to provide a high level of per-

formance in all problem areas, several word formats will be available in order to 

facilitate the use of the inherent speed o the machine, There wiU a x h t  

areae for which there is no optimum format, but if the chosen fopmats are properly 
sacu*%.ice 

compromised, any area m a y  be handled without a serioua of parformance' 

Since there may be only a limited number of different formats in a machine such a a  the 

StretchF one wonders how to guarantee adequate performance in those casea for which 

no epecific format is given. 

One solution commonly taken is to eliminate the problem by providing a general 

format which includes most all -, poasfbfe m ca8e8, This solution provides a format 

filled with various modifiers which are used to define the format for any given 

operation. Thi8 approach is commonly known a8 "Microprogramming. t '  When 
b 

implemented, this solution usually requires a longer word length than would any Other 

method and since some modifiers are not used in many operations, the space rearerved 

must therefore be, waated. IA order to gain the extreme flexibility of format and use, 

it is generally felt that the wasted space i e  not too seriou8a disadvantage. 

However, there is another solution to the problem of providing flexibility 

and high speed, and this solution appears to be more consistent with the fundamental 

nature of a stored program computer than any other solution hcratdfore proporsd 

Ln order to understand it, however, it i a  first necessary to defina what is meant by 

the ''fundamental naturat1of a computer. 

The meet eeoential charactariatic of a stored program computer is that it can 

be made to look like any computer that we please (within very broad limits), Thie 
b 

characteristic was unknown before the advent of stored program machines, (although 



Turing proved in 1935 that such a machine could be made) and it i a  the principal
b 

reaglon why the power of- storad program computer staggers our wildest flight8 of 

fancy. The ability t o  look like any other machine V-J is a property hitherto-
unknown of-any machine, and it is found to be the property a vary large class of 

c 

9

machines which we call,computers. In actual practice the only limitation of any 

computer is the time raquirad to perform the job. By this, we mean that any 

decent stored program computer m a y  be programmed to look like any other computer 

we please, but there may be a loss of efficiency such that the simulated machbcs is 

too slow for any practical u8e. The limitation, thercrfore, is one of time, Ia 

other words, the computer is limited to simulation only of thoss machineswhose apead 

is fast enough to be useful. k' 

Thua, the problem of designing a computer which can ''look**like tho broadest 
bf 

possible class of other machineiim one of exploiting the hardware of the given computer 

to the fullest. The consideration of this problem turns out to be the consideration of a 

subject w e  now call %diting. Editing refers to the procerrs of mapping information 

from one format into another. 

In the past, the u s a f u ~ e s sof having m o r e  than one format ha6 been recognized 

and all stored program computers have been built with at least two formats (instruction 
data)

and -1,14 so as to save editing operation., thereby effectively increasing the spead of 

the machine. In time, it was recognized that *havingmore than two formats 

would allow a given computer to simulate a larger class of useful machines, but adding 

formats colrta hardware and money, thereby decreasing the application - potential 
< 

aa much as slowing down the computer. The microprogram approach is to provide 

'kw a large generalized format with modifiers to convert it into any of a w r y  large 

class of formats is still. too small in many casea; also, it m a y  require more hardware 

'L1t2 / T b  
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than dots the case of few, but fixad, formats. In any case, tha microprogram solution

* is clearly an extension of the fixe-d format philoaophy and suffers from the same 
.J 

defect; that the fundamental nature of the stored program cornptxtsr ir not being 

exploited. 

The Stretch Computer will  incorpotate a philosophy which is different from 

that in any presently existing or proposed machine. That is, it wil l  manifest as an 

important part of its character the ability to simulate a much gr ater .Ictariety of 

computers than is possible by any other means; namely, it w i l l  have a e  a specific design 

feature the ability to operate in the interpretive (simulative) mode, The key to this 

ability iar, a8 mentioned previously, the ability to edit in a fast and direct manner. 

The principal rea8011that present day  computers run slow in the interpretive mode is 

that tbeir ability to edit in a gpneralized manner is very deficient. By generalized 

k w  	 editing, we mean the ability to map (transform) information in any format whatsver 

to any other format, usually the machine% own format. 

Present day computers spend by far tho  greater time in the interpretive mode 

editing instead of performing useful work. For certain often-occuring special c w e a ,  

such a1 floating point arithmetic, special formats are defined, but no real effort has 

been made to facilitata the ube of formats not folgseen by the mac i.nrtfs designers. 

Recognizing that the most innate characteristic of a computer is its theoretical abilit 

to simulate any other computer desired, the Stretch computer wi l l ,  therefore, contain 

the ability to operate irn the interpretive mode at a speed much more commen8urats 

he

with the speed of ita componenta. This philosophy will, in particular, b y  of great help 

in applying the techniques of automatic programming to the uae of large computers. 

Therefore, the Stretch machine wil l  have a limited number of word formats, &ut 

5 4e+ M i t i * *  

of, and operation with, * it wil l  contain special inetructioqto facilitate the 

an infinitely large number of other forrnats (these spacial instructions will be covered 



interpretive mode wi l l  be greater relatively, than any preleent day computer, thq 
b 

/ 

Stretch Computer w i l l  be able to simulate a gigantic variety of other computers, Where-
* F A 8  

as in present day computers multiple formats are built in ar an attempt to 

the nacerrsity of editingJ the Stretch philosophy recognizes that the ability to edit is 

fundamentally necessary to any computer, and therefore, every attempt w i l l  be made 

to provide this facility in a form which rmcagnizes that its importance ir greater 

even than th8 baric arithmetic operafiod 

The following set of format8 have been 88lected a s  a bash for carrying out 

the aforementionedphilosophy; the set of four formats includsr one instruction format, 

one index word (location) format, and two data formats, 

A. Instruction Format. ThirPl format iar compoclcd of eix fields as shown ih 

Figure 3 and several interpretation8 arc,possible, 

x operation AI Address E T 
1 12 6 21 2;r 12 2 I

la 

Figure 3 

for any given case. The fields and their respective uaes aro as f s l l a w ~ :  

Field 

X - 1 bit - This is an unassigned bit for the programmer% use, 

and had no assigned machine function. 

Operation - 12 bits - This field wi l l  contain the optrdtion code 

and any operation classifiers needed. 

Address Interpreter 6 bit8 - This field will. denote the interpretation 

to be taken on the Address, E, and T Fields. 

Address - 21 bits - This field wi l l  contain a 20-bit addrtsa and a sign 

to facilitate a generalized form of indexing arithmetic. 
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Extension = This 12 bit field may Berve as an exteneion of the 

Address field (for bit addressing) o r  as an Index Tag. The 

exact interpretation wi l l  be controlled by the AX field. 

Tag a Thie 12 bit field will, normally dcrve as an Index Tag, but 

may have other meanings as controlled by the A I  field, 

The exact interpretation of any combination of the Addresa, Extension, and 

Tag fields wil l  be specified by the contents of the Address Interpreter field. The 

A I  field w i l l  allow a maximum of 64 different interpretationn to be taken on thia 

particular format. In addition, the c l a ~ ~ i f i e r sin the operation code will  allow 

for many classes of operations such as floating point, fixed point, etc, 

€3. Index Word Format. The Stretch Computer does not have index registers 

b 	
a8 such. Instead, provision w i l l  be made for using any memory location i t s  an 

index register. This w i l l  provide as many index" regirters" a a  is convenient with a 

given m e m o r y  size. The various speeds of p memories wi l l  control the speed with 

which any given indexing operation takes place. The Index M e m o r y  is a special 

high speed m e m o r y  intended for use in those cases where high speed indexing is." 

desired and w i l l  effect a reference in 0.2 us tc ,  It is not necorrsary to u s e  Index 

* Memory for indexing operationa, and thus the Inetruction Memory or  Data Memory 

m a y  be 	used instead for indexing operations. The only difference wil l  be in the 

resulting speed of indexing operations, 

The format of an fardex Word wi l l  be as shown in Figure 4, 

S Compare Add Increment Base 
1 21 21 21 

bi l l@-
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The field wil l  be as follows: 

S - 1 bit unassigned at present. 

Compare Address 20 bits 8 eign - This field wil l  contain anQ 

addre88 which m a y  be compared automatically with the Base 

Address. Azi alternate interpretation of this field wil l  split it 

into two parts, a 10 bit count field and a 10 bit + sign count 

increment field. The count field m a y  be automatically incrq-

mented with the contents of the Count Ineremen& field. These 
v 

two interpretations wi l l  be specified by the instruction itrelf. 

Increment - 20 bit8 + sign The contents of thie field may be auto-Q) 

matically added to the contents of the Base field upon command, 

Base - 20 bits + eign 0 This field contains the addrew which wi l l  

normally be added to the contents of the Control Accumulator8 

as part  of an indexing operation. 

It should be noted that all fields in an Index Word are signed quantities and that 

all additions and subtractions performed as part  of indexing operations are therefore 

algebraic operations. This facility allows addresses to be increased o r  decreased 

by complementary programming techniques. The operations performed on Address 

fields in an instruction itself a r e  also algebraic and thus the Address field of an 

instruction is signed to permit a conoistent scheme of indexing. However, all actual 

e5
addresq aent to Memory Addrees Registers are interpreted aa absolute values only; 

there are no signs which refer to memory locations. 

C. Arithmetic Data Format - Thia is the standard format for data to be 

'+ operated upon by the Main Arithmetic Unit, Figure 5 shows the fields which make-

up this format. 

.L -
I . 
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Programmers' Bits - 4 bits Therre four bits are reserved for 

u s e  by $the programmer. They a r e  arsigned for any auto-

matic action, 

Sign Field 3 bits - This field contains the sign of the exponent,0 

the sign of the mantiesa, and an indicator bit to  indicate numbera 

not representable in floating point notation, such as zero. 

Exponent - 9 bits For floating point arithmetic this field willQ 

contain the exponent of the number. The exponent range is 

10 -+. 152 
For fixed point arithmetic, this field is left blank 

and is ignored by the Main Arithmetic unit. 

Mantissa 48 bits - T h b  field wi l l  contain the mantissa of floating 

point numbers and the fraethnal representations of fixed point 

numbers. The interpretation of this field w i l l  be specified by 

the command itself. 

The same format i s  used for bath fixed and floating point arithmetic, but the 

interpretation, as specified by the instruction, a l ters  the meaning of some of the 

fields, 

D. Logical Data Format - Thie format is, in reality, no format at all. It is 

somewhat analoguoua to the zero of an arithmetic iyetom, and i s  included as the null 

class of formats. This format, defined in Figure 4, complements 

Figure 6 

the set of all other formats and is one of the most important ofall formata, for it 

' %ib 



1 8erves a8 a blank format which the programmer may use to define his own format 
k w  

for a particular application. S h e  none of the bits are assigned to any give purpoee, 

the programmer may, by interpretive coding, define his own format and w e  it to 

construct a language of his own chooeing, 
t? 

This format may be altered in two ways; by fixed point (jll bit) arithmetic and 
+ 

by logical manipulations upon the set of 64 bits. The instruction set wi l l  include suit-

able commands for efficiently performing any alteration deaired by these meanr, 

thus carrying out the philosophy of providing means for efficiently operating the 

machine in the interpretive mode. 

c 



I The Instruction Word 
b 

A general form of the instruction word has been propocred. This form is 

modified to include specific sets of instructions, which require the specification 

of varying amounts of information. The different portions of the general form of 

the instruction word perform somewhat different functions for certain sets  of 

operations. A epecification of various types of indexing also requires modification 

of the general form. This section will define the general form of the instruction 

words and apecify the modifications required. A separate section will define the 

indexing modes applicable to thie computing system, 

A. General Format 

The general form of the instruction word is as follows: 


Field No. 1 2 3 4 5 6 


Field Size 1 12 6 21 12 12 


In this general form, the meaning aseigned to  the various fields is as followe: 

Field No. 	 1 - Not used, available to programmer 

2 - Operation Code 

3 - Address Interpreters 

4 - Word Address 

5 - Tag Address # 1  

6 - Tag Address #2 

This form provides for the usual mode of operation of specifying an operation 

to be performed and the address of the location of the data, with the provision of 

““trwu specifying the location of two indexing quantities which are used tor modify the address 



prior to the execution of the operation. Each of the fields is described in more detail 

6mv" 
in the following paragraphs. 

Field Number 1 

A t  the present time, one bit has been placed in the "not used" category, This 

bit location might be ueed by the programmer to signal special action either through 

subsequent programming or through operation of an automatic break-in feature. 

Field Number 2 - Operation Code 

The bits of the operation code field wiil define the operations which the machine 

is expected to perform. This field will probably contain certain bit locations which 

specify the various classes of inetructions. The class of an instruction m a y  indicate 

a variation in the interpretation of the inetruction format, Other bits of the operation 

code might be used to indicate variations within the operation code itself, e. g. ,  one 

b w  	bit within the Arithmetic Class of instruction might differentiate between fixed point 

and floating point operations. The bits of the operation code should be used in a 

manner which is most advantageous to the machine decoding of that operation. The 

specific operation8 which will  be required for the Stretch system are defined in a 

later section of this report. 

Field Number 3 .Address Interpreters 

The six bits of this field are used for the specification of the manner in which 

the Word Address and the two Tag Addresses are to be used. The assignment of 

meaning to these bits will be dependent upon the engineering considerationa involved 

in the design of mechanisms to  handle the different mode8 of operation. 

Field Number 4 - Word Address 

b The twenty-one bite of this field a r e  used to specify in a binary number system 

a sign and a twenty-bit address of a memory location. Provision is thus m a d e  for 
I 

l L / a q I n ,  
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directly addreseing somewhat more than a million words of memory. A sign is
Llw 

attached to the word address to simpLify address modification. This bit has no 


hca*%&&yin the interpretation of the address. 


Fields Numbers 5 and 6 - Tap!Addressee # 1  and #2 


Each of these fields contains twelve bits. The twelve bite permit direct addreoe-

in8 of each machine register and each of the 0 .  2 us and 0 . 5  us memory locations. The 

normat use of these addresses wit1 be to specify index regis ters  for the modification of 

the word addrese. Any of the faster memory locations m a y  be used as an index register 

within the general instruction form. 

B. M e m o r y  Location Addressing 

In most one-address instructione, the programmer is free t o  specify an opera-

tion code and the location of the data to be used in this operation. Provision i a  made 
b@ 

for modifying thie address by indexing. Two other modes of addressing are included 

in the specification of the Stretch system. These modes are immediate and indirect 

addressing. The usual mode of addressing wiil be referred to as direct addreseing. 

In direct addressing, one specifies that this operation be performed on or with the 

contents of some m e m o r y  location. 

Immediate Addressing 

Whenever constants in a direct addressing scheme are ueed arithmetically or  in 

the modification of instructions, it i e  neceeeary to refer to memory to obtain the con-

stant data word. In an immediate addressing mode, the bits of the Word Address 

(including the sign bit) of Field Number 4 are used as the data in the operation 

specified. The use of this addressing mode witi provide considerable flexibility in the 

b v  modification and manipulation of instructions o r  data. 
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Indirect Addressing
b 

In indirect addressing the contents of the word at m e m o r y  location X are used as 

the address of the word whose contents are to be used as data in the operation specified. 

In this mode of operation, the indexing specified is performed. The location specified 

by the modified iqdirect address m a y  specify a word which again contains an indirect 

addrese. The procese, that is, the starch for an immediate or direct  address, will 

continue until an address which ier not indirect is encountered. This mode of address-

ing ia  useful in providing links between programs and in the specification of the location 

of data for sub- routines. 

Bit Addressing 

In many case8 i t  is desirable to interrogate the condition of a bit location in 

memory. This bit location might be a single unit of a selector register. In these cases, 
h 

it might be necessary or  desirable to allow modification by the contents of two index 

registers,  Some combination of bits in the Address Interpreter Field (Field Number 3) 

will specify that the address be interpreted as a fourteenobit word address and a six-bit 

bit-position address This type of address representation implemented by indexing will 

provide direct addressing of each bit within a million word memory. This mode of 

addressing also assumes a difference in the form of the index register, which 

difference will be described in a later paragraph. 

C. 	 Functions of the ?"a#Fields 
-	 - _-

Some commente concerning the function of the Tag Fields have already been 

made. The most straight-forward use of these two fields is for the specification of 

two index registers whose content values are to be used auccegsively to modify the 

b w  	word addresa of the instruction. This use of the Tag Fields fs ueeful in those case8 

where the word address is either direct  or  indirect. There m a y  be some reason for 



allowing indexing 	of immediate addresses, but the exact definition wil l  be dependent,
b 

upon programming 	examples. The following paragraphs will deecribe various other 

u s e s  of the Tag Fields. 

Two Address Operation with Single Indexing 

The majority of instructions will likely require one-dimensional indexing. h 

these cages the index register to be used is specified by the contents of Tag Field # I .  

The following uses  under these circumstancee have been aerigned to Tag Field #2. 

a. Pre-Store - The contents of the receiving regieter (S) are stored in 

the location specified by the contents of Tag Field #2 following the 

Word Address indexing by the contents of the location specified by 

Tag Field # I  but prior to the execution of the instruction. Thus, a 

number taken from a L@p$rnemorylocation can be stored in a faster 

memory for future u ~ eduring the execution of the f i r s t  instruction 

in which the number i e  involved. It should be noted that this can be 

thought of a s  an exchange type instruction on the usual store class 

of instructions, For example,. the original contents of a memory 

location &re brought out and placed in a faet  memory location and 

then the instruction is completed by the storage of the particular 

accumulator o r  register specified. 

b. Post-Store = The contents of the high-order result  register (A) are 

stored in the location specified by the contents of Tag Field #2 on the 

completion of the operation. The contents of Tag Field #1  specify the 

location of the index register to be ueed in modification of the word 
\ 

ucrrr. 	 address. This mode is particularly useful in b e  storage of temporary 

results. 



c .  	Limited Two Address In this case, the use of Tag Field # 1  is 

used to specify a normal indexing operation. The contents of the 

location specified by Tag Field #2 are transferred to the high-

order result register ( A )  prior to the start of the operation. The 

low-order result register (B)may or may not be cleared, depend- 

ing upon the specification mode. At  the completion of the opera-

tion the contents of the high-order result register (A)  are stored 

in the location specified by Tag Address #2. This m o d e  permits 

a limited form of two-addres 8 oper-ation. 

[Actual two address7 N 

Combined Use of Tag Fields 

Many cases will require that index and other address modifications be performed 
b v  

using operands outside of the low 4,096 m e m o r y  locations. In such cases, it is desir-

able to combine the two Tag Fields to  form a second twenty-one bit word address. 

Three of the available twenty-four bits a r e  not used. The u s e s  of this second word 

address are: 

a. Immediate Address .The signed number specified by the twenty-

one bit second word address i a  combined with the normal word 

address to obtain a modified address for use with the operation 

code, This permita the indexing quantity to be carried within 

the instruction itself, 

b. Indirect Address - The signed number epecifitd by the twenty- 

one bit second word address is treated as an absolute value, 

This quantity specifies an indirect index address, that is, the 



quantity specifies the location of the actual Tag Address to be 

used for indexing. 

c. 	Direct Address - The signed number specified by the twenty- 

one bit second word address is treated as an absolute value. 

This quantity specifies the location of the index quantity to be 

used in modifying the word address. This mode of operation 

permits the use of any memory location within the computer 

system to be used a@ an index register. The use of a 2.0 

microsecond memory location as an index register will 

obviously cost some time in the execution of the instruction. 

Variable Field Operations .-- -

One of the most used logical operations involvers the packing and unpacking of 

pieces of information of less than a word length into or from word Length forms which 

can be handled by the system. This is normally done through the use of a mask or filter, 

which allows certain bit channels to be operative and the remainder to be aon-operative. 

Because all of the instructions refer to full words, the actual instructions used to 

apecify the operation of packing (for example), have little relation to the operation being 

performed. It is proposed that a limited number of operations (on the order of five or 

six) be provided with a variable field length type of operation. 

In this mode of operation Tag Address # 1  field is broken into two six-bit fields. 

The six-bit field nearer  to the word address field specifies for this operation the starting 

point in the memory word, that is, information is required from the memory word 

beginning with the bit position specified. The second six-bit field specifies the number 

yurrr, 	 of information bits required. On these speciat instruction8 part  of the operation code 

specifies the starting point in the accumulator. Indexing on a bit - basis is specified 

by Tag Address #2. 



As an example of thie mode of operation, the instruction 


Clear and Add 25, + 17986, 6 0 ,  6 ,  0 


i s  interpreted as: 


1. 	 No indexing 

2. 	 The 6 bits of memory word 17986, positions 5 5  through 60 a r e  extracted. 

3. 	 The bit in position 60 is used for sign control. 

4. 	 The bits in positions 5 5  through 59 are placed in positions 21 through 25 

respectively of the high -order accumulator register. 

This example illustrates the need for specifying operations which include 

manipulation of either signed or  unsigned quantities. It is expected that this type of 

operation Will be extremely useful in assembling instructions. 

A minimum list of operation codes would include Clear and Add, Add, Load, 
b 

Store, and Unload. . 

aMany of the advantages of this type of operation can be secured on other opera-

tions. In these cases,  the starting point in the accumulator is arseurntd to be the low-

order bit position (or  the sign position). The word address and the two tag fields arc 

used in the manner just described. Thus, the information field in the memory word 

i e  defined. Information sufficient to this specified length is provided to o r  taken from 

the accumulator during a given operation. This mode gives direct bit addressing of 

any bit within a million-word memory system, Indexing is based upon a combined 

word and bit address,  and the form of this indexing is described in the next section. 

There are additional implications of this mode of operation when one considerr 

the use of any regieter as an addreslered m e m o r y  location, Many shift instructiom a r e  

hw automatically made available by the commands associated with variable field length. 
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For example, the inetruction 
r 
b@ LOAD 14, f Addrese ACC, 15, 8 ,  0 ,  

accomplishes a one poeition left shift in the accumulator of an eight-bit field without 

change of sign. A special operation might be required to s e t  unused bits on left indl 

or right to  zero during a eirnukted ehifting operation. 

The specification of field length is restricted to a maximum of 64 bits, The 

apecified field of information may however, be contained in sequentialbit pos i t io~a  

of two adjacent words. 

Comment on Word Addreseing 

A l l  internal arithmetic and control regieters and counters will be individually 

addressable. Each of these addressers will be in some normal addreesing sequence, 

but thie sequence m a y  not necessarily be dense. The 0.2 us, 0 . 5  us and 2 . 0  us 

b w  memory locations will be assigned addresses sequentially within each memory type. 

There will be no gaps in addressing between these different memory types. All  df 

the internal registers and counters, the 0 . 2  us m e m o r y  locations, and the 0 . 5  UB 

memory locations will have addresses  below-decimal 4096. 

Multiple Tag Words 

The general instruction form provided for double indexing, that is, the 

modification of the word address by the address modifier values of two specified 

index registers. A special word format is required for those cases of multiple-level 

indexing to a degree greater than two. 

The instruction contains an indication in the Address Interpreter field that 

multiple-level indexing wilt be required. Under these conditions, the contents of * 
Tag Address #2 specify the location ofa "multiple tag word. I f  The location of aw 
ltmuLtiple tag word" might also be specified by a combined address of Tag Addreer 

# I  and #2. 
"129 f r k  



t The multiple tag word has a format a8 follows:
'iuul. 

a. Interpreters -

b. Tag Address # 1  -
e .  Tag Address #2 -
d. Tag Address #3 -
e .  Tag Address #4 -

f ,  Tag Address #5 -

4 bite 

12 bits 

12 bits 

12 bits 

12 bite 

12 bits 

Thus, a maximum of six index regis ters  can be specified with an instruction and a 

multiple tag word. The interpreter field (a)specifies the first of the five tag&- v 

(counting from the left), which is to be used. The indicated tag and all of those to 

its right will be used in a normal manner. Any tag fields which are zero will not 

enter into the indexing operation. 
b w  

Additional multiple tag words may be called for through the interpreter field (a). 

Indicator6 specify that the contents of Tag Address #5 be used to  specify the next 

multiple tag word, or that the Tag Address fields #4 and #5 be combined to specify the 

next multiple tag word. 

Geometrical Addre ssing 

The use of the multiple tag words for obtaining multiple-level indexing is 

restricted only by the fact that the tags used be of the tweLve-bit$ type, thus 

restricting the index registers to locations below 4096. In every other respect thie 

is a completely general syetem of indexing. The following descriptions of geometrical 

addressing will illustrate a second mean8 of multiple indexing which i a  only a little 

less generat than the system just described. 

uc*r 

This form applies to those instructions in which both tag addresa fields a re  

available. The Tag Address # 1  is used to specify the base address of a s e t  of twelve 
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6w 	
successive memory locations which may be-index register^. The bits of Tag Address #2 

indicate in sequence the index registere which are to be used. Thus, for example, 

Clear and Add 9 17286 490 101100001001, 

where the first two addresses are in decimal and the last in binary dmeans that the 

word address (+ 17286) is to be modified by the contents of index registers 490, 492, 

493, 498, and 501. This form of multiple-addressing has the advantage of compactnosrr, 

The changing of indicator bits is iimplified by bit addressing, and the direct modification 

of the word address or tag address is aimplified by the variable-fietd type instructions. 

Indexing 

A method to modify word and bit addresaee automatically ir referred to by the 

word "indexing. In general, a word addrese is modified by the value contained in 

the index register specified by a secondary address within the instruction, In the 
kw 

general form of the instruction, the modification of the word address of the contents of 

two index registers is possible. On s o m e  of the other modes of operation, only single 

indexing is provided, This section will define in somewhat m o r e  detail the functions 

of an index register, 

A. 	 Index Register Type # 1  

Any register o r  memory location can be ueed as an index register. The index 

register ie  then sixty-four bits long, rather than simply the length of the word address, 
pevt ;*r&

The additional bits m a y  be used to specify other p&me& information with respect to 

toop cycling and the other uses of the index register concept. The Index Regi8ter Format 

Type 	# 1  contains: 

a. Compare Value 

b b. Value Modifier 

c. Address Modifier Value 

d. Not 	Used 

20 bits and sign 

20 bits and sign 

20 bits and sign 

1 bit 



In cases where this format for indexing is specified, the address modifier value 

(field c )  is added with regard to sign to the contents of the instructions word address 
.c 

field. The result is the effective address for the given instruction. 

Instructions pertaining to the index registers of this type would include: 

a. Modify Value = the contents of the Address ModifLer Value (field-c )  

are combined algebraically with the contents of the Value Modifier 

(field b), and the result replaces the original contents of the Address-
Modifier Value field. 

b. Modify Value and Compare - the operation described above is per-

formed, but the result  is also compared with the contents of the 

Compare Value (field a). The equal, high, or low trigger of the 

index control is turned on. The contents of these triggers m a y  

be tested or stored on a subsequent instruction. 

Any of the! fields may be changed or reset by means of the variable-field type of 

instructions described elsewhere in this report. Normally, only the Address Modifier 

Value (field c ) would be changed, but there will  be many cases where it will be det3ir--
able to change the Value Modifier or the Compare Value. Field -d may be used by the 

programmer for purposes of indication or problem control. 

B. Index Register Type #Z 

In some cases, it is easier to control the repetition of a given process of a 

counter, rather than by relating a Compare V;llue to the Address Modifier Value. 

The index register format Type #2 provides for this mode of action. The contente 

of the index register are: 

a, Count Modifier 9 bits and sign 
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b. Count Value 10 bits and sign 

c. Value Modifier 20 bits and sign 

d. Address Modifier Value 20 bits and sign 

e. Not Used 1 bit 

Indexing and the modification of the Address Modifier Value by the Value 

Modifier is accomplished as described for the format Type #1, and presumably with 

the same circuits. A special instruction is required: 

Modify Count - the contents of the Count Modifier (field -(L) are 

combined algebraically with the Count Value (field b) and the 

result replaces the original contents of the Count Value field. 

A test  of the count value will usually be a zero test of the Count Value field. 

This is incorporated in the variable field length transfer instructions. The test of 
b 

the count value for values other than zero would be performed by tho compare type 

instructions. Any of the fields m a y  be changed or  reset  by means of the variable-

field length type of instructions described elsewhere in thie report. 

C. Index Register Type #3 

The use of bit addressing, either in the specialized case of 8 word address 

broken between a truncated word address and a bit addres8 o r  the more generalized 

form described previously, requires an address modifier value of 27 bits. The. 

vatue contains a sign, twenty bits for the word address modifier, and six bits for the 

bit address modifier. The size of this value cannot be contained within either of the 

two previouely epecified formats. The Index Register Format Type # 3  contains: 

a. Count Modifier 9 bits and sign 

b. Count Value 10 bits and sign 
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c .  Value Modifier 	 14 bits and sign 

d. Bit-Address Modifier Value 26 bite and sign 

e. Not Used 	 1 bit 

The special instruction used to combine the value modifier and the addresa 

modifier value must take account of the differences in field length. This instruction 

is called Modify Bit-Address Value and operates similar to the instruction Modify 

Value. The instruction Modify Count operates as described previously. The teetrr 

of Count Value will be handled by variable field length transfer or compare instructions. 

The Bit-Address Modifier Value can be tested by variable field length compare 

instructions. Any of the fields may be changed o r  rese t  by means of the variable 

field length type of instructions described elsewhere in this report. 

fl 	Input- Output Equipment 
W' 

Every effort must be made to provide a general, easily usuble  method of 

attaching input-output equipment to the computer portion af the ii~ystem. It is difficult 

to predict the types of equipment which will  be available in 1960 (particularly, when 

one assumes that the equipment of any manufacturer must be handled in some way). 

A common control element for equipment operating at or below the X5KC range is being 

designed. This element is called the Exchange. 

The Exchange 


The Exchange is designed to  handle a wide variety of unita with a minimum 

modification of the units. The entire complement of units can be connected permanently 

to  the Exchange. A fixed number of channels (anumber less than the number of units) 

is provided between this switching control and the memory portion of the Exchange. 
b 



r Specific input or output unite are connected to these action channels under program 
b w  

control. Simultaneous operation on all channels is permitted. Thus, the number of 
t 


input-output devices operating at one time is limited by this fixed number of channelr. 

Lower speed unite (on the order to 20 characters per second) all operate into one 

channel and are always connected. Approximately six input and six output units 

operating in the 15 KC range can be handled eimultaneously with reveral hundred unit8 

in the low speed range. The design of the Exchange should be such that the number of 

input-output units required can be used to determine the size of the Exchange. 

The functions of the Exchange are: 

a, To interconnect specific input-output units to the available 

channels. 

b. To aesemble the bits of characters into full computer words 

or  input, and to initiate the action t o  place completed words 

in specific locationr in the main memory. 

c .  	To take full computer words from the main memory and to 

dieassemble such words into characters for transmission to 

output devices. 

d, 	To accept control information from a computer and to use this 

information to control the actions of input-output units connected 

to the Exchange. 

e. 	 To permit maximum efficiency in the u s e  of channels by 
n

automatic assignment of input-output units to  avail.,ablo channels, 

f ,  To allow sktitable error correction and detection device6 to 

monitor I
i; the flow of information. 

f 
I 
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Exchange Instructions * 
The following instructions are needed for linking the operation of a computer with 

the Exchange: 

a. Select for Writing - specifies an output device and the location 

of a control word. The output device is  selected and the con- 

trol word is transferred to the Exchange memory. The Exchange 

control circuits initiate and monitor further operations. 

b. Select for Reading - specifies an input device and the location 

of a control word. The input device is selected and the control 

word is transferred to the Exchange memory, The Exchange 

control circuits initiate and monitor further operations, 

c. Select for Control - indicates a particular control operation re-

quired for the specified input-output device. For example, this 

operation might be Backepace or  Rewind in the cage of magnetic 

tape units. The nature of this instruction ie dependent upon the 

input.output devices connected to the Exchange. 

d. 	 Interrogate I /O  Unit Status - specifies that the status bits 

8iersociated with a given input-output device be made acceesible 

to  the computer working with the Exchange. The status include8 

information about unit not ready, busy, read-write error, trans.. 

mie8ion e r ro r ,  etc. Detailed examination of the status field it3 

handled by the programmer. 

e. 	 Copy Control Word - specifiea that the control word as it  now 

appears in the Excbange memory be sent to a specified location 

in the main memory. 



Additional Requirements 
$b 

The fallowing comments a r e  made with respect to additional requirements which 

are to be imposed upon the Exchange. Most of these features are already included in 

the Exchange planning and are included here to  illustrate f'urther the flexibility of the 

Exchange. 

It should be possible to distribute input information into several different regions 

of memory without requiring control on end-of-record signals. This is accomplished 

by chaining control words. It should aleo be possible to group informrtion into one 

record from several different regions of memory. This again is accomplished by 

chaining control words. 

If information is not required in a particular record, the flow of information 

from o r  to main memory should be eliminated. The action of the Exchange might 
'(urrru 

continue, but the main memory is not imposed upon. This function is probably m o r e  

cloeely associated with input. 

Information corning from an input unit should be treated a6 a ser ia l  sequence 
' 1 

of bits. This rsequence should be placed in m e m o r y  in groups of sixty-four bits. No 
bvve 

provision fshould be made to standardize size or adjust the i d o m a t i o n  to a 

specified word length with existing input-output devices. These operations can be 

handled by programming. It should be poasible to influence future devices to meet 

the exact requirements of the Exchange in a m o r e  suitable way. 

Medium - Speed Input-Output Devices 

The following device8 are conrsidered in the medium speed range and will probably 

be used on the Exchange: 

b w  a. Type 727 Magnetic Tape Units (or  an improved version of 8uch 

units) to provide a communication link between this system and 
d 

the 704=705 systems and certain auxiliary equipment, 
9 / c  c 



b. Electronic Printer Plotter to permit page printing and print 

plotting with recording on microfilm. An associated visual. 

display will be provided. The printing rate is 16, 500 char-

acters per second. 
@ f e r  at;*4 

c ,  High-speed direct printer with the&haracteristics of the 

present ~000. l inesper minute wire printer. This will be 

used for direct communication with the computer and for 

use as an auxiliary operated printer. 

d, High-speed card reader for direct attachment to the corn-
o r  

putcr for uec  as an auxiliary card-to-tape converter. 

e. Card Punch of highest speed available for direct attachment 

a Y
to the computer for u8e as an auxiliary tape-to-card converter. 

b 
Low-Speed Input- Output Devices 

The followtng devices are considered in the low-speed range and will probably 

be u s e d  with the Exchange. The number of units included in this category when one 
1, 

considers the Stretch Computer is probably extremely small, The nurriber will 

probably increaare as real-time applications are associated with the Stretch Cornputex. 

a. Manual Keyboard and Typewriter - interrogation deviceB of thirs 
e d w  +e 

nature will be used tmextract information from the rrystem, 

b, Telephone Lines - will urually form a natural link between the 

source of information and the computer system and between the 

computer system and the controlled elements, 

c .  Vieual Displays - wilt be used to an increasing extent. 



High-speed Input- Output Devicesb 

The Exchange is limited to hiandling information centered around the 15KC 

range. Such data transmiseion ratee are clearly quite low with respect to the 

computing speeds of the Stretch Computer. The following devices will be needed to 

provide a somewhat more balanced leystem. The control equipment required may be 

an attachment to the Exchange or separate units. 

8. 	Faster  Magnetic Tapes - tapes operating at a rate of 100 

tirnee that of tho 727 will be required. These will be ueed 

aid additional external memory. A tape of 10 tfmee that of 

the 727 will aerve as the input-output connection t o  other 

computers, It will probably oleo be used as an auxiliary 

recording source for later conversion to printed form or 
I 

card form. This speed tape should be ideal for handling 

the input-output requirements of a machine operating at  

about 0. 1 the rate of the Stretch machine. 

b. Magnetic Diesc Storage - with a ciapacity of a million worde 

and the ability to transfer information between this disc 

storage and the main m e m o r y  at a speed of 1 word every 4 

microseconds. Thiar storage is ueed to supplement the 

mangetic core m e m o r y  for the storage of iastructionr and data, 

Provision must be made for the efficient election of these unite and the 

rapid initiation of information transfer. 



* Input/Output Cor?PLl7"EJe 

For certain applications, it is desirable to a have a separate 

unit to handle input-output considerations, Thaeo applications are usually in the 

realm of problems which require a Parge amount of data to be processed or in the 

realm of real,time problems. For problems in which it would be advantageous to 

handle iaput/output with a special program running concurrently with the wotkiag 

program, a apecial unit is available. 

This unit i a  a full-sized computer in itself, and it is QIX which can operate 

alone or in conjunction with the Stretch Computer. The most distinguishing character- 

ist ic  of it is that i t s  speed is about 1OX faster than 700 serierr machine and about; 1OX 

slower than the Stretch Computer. The Secondary Computer, as it ir called>has 64 bit 

words and an assortment of word formats all of which are compatible with the Stretch 

However, the principle bias of the Secondary Computer fs toward a combination 

commercialescientific data processing machine. To this end, it containa hardware 

for both decimal and binary arithmetic, among other things, The Stretch machtae 

makes no specific concession to commercial data processing problems, but the 

Secondary computer does, and such concesi~ion8are manifested in the provision for 

arranging, rearranging and transforming of data format#, These provisiona, which 

are more elaborate in the Secondary computet than in the Stretch Computer, with the 

ability to perform arithmetic computations in both the binary and decimal m d a a  wi l l  

present to the commercial field a computer much more advanced than any machine 

now exiating or conceived. 



The ability of the Secondary Computer in the field of rrcisntific data proceasing 
b tl?m+ 

will  be provide- built-in floating paint arithmetic (in binary only) and very 

flexible indexing facilitiee. The arithmetic speeds of the Secondary computer wi l l  allow 

it to tackle problems conaiderably larger than are now posoiblc on the 704, but the 

ultimate in ecientific data proceasing ability will  be furnirrhed only by the Stretch 

computer, and no attrmpt wil l  be made to increase the power of the, Secondary cornputor 

for scientific problems beyond a factor of 10 over the 704, 
C r - p q  f 

Thus, the rea1 amphaais on the Sacondaryhie toward the cornmorcial data 

processing field, and scientific problems w i l l  receive only a secondary consideration 

beyond the provision of certain necessary features such as floating point arithmetic. 

Since the Secondary Computer wil l  have superior ability to edit data for input-

output operations, it is possible to ube it -a8 a fully programmed inpuboutput 
b 

computer for the Stretch machine, thus relieving the Stretch machine from that 

work which may be done in parallel with the computational work an the data. Since 

the requirrrrnentrs of suss machine are difficult to meet, a complete computer wil l  
b 


be available to process inpuboutput information, 

During those periods when the Secondary computer is operating in 

conjunction with the Stretch computer, the two m a y  communicate with "each 

othertLro"tkUII hree media: tape, memory, and the bus aystmn of the machines. A 

program to synchronize the action of the two machines wi l l  therefore not be limitad 

by the method of communication between the two. 

If there are period8 when the two machines need not act in conjunction with each 

other, both may be operated independently of the others, In thia case the two machines 

act a8 completely separate computer ayrtorns and each ham all the basic facilities 

to make such operation feasible, 

I %s l q b  
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V. OPERATIONS 

A. 	 Floating Point Operations -

The specifications of the actual arithmetic operations in floating point 

a r e  easily defined eince most problems will be programmed in normalized floating 

point. The requirements for special information about results which have not been 

easily available in other computers has been extended considerably. 

There wi l l  be operations of’add, subtract, multiply, and divide in single 

precision floating point wi th  sign manipulation of one of the operands. hhltiple 

precision operatione can be easily programmed. There wil l  also be special mani-

pulation and test operations for all parts of the floating point data word. 

Special information should be available to the programmer about the 

result of any floating point operation, This information can be categorized as folloW6: 

b v  
1. Exponent overflow 


2, Exponent underflow 


3. 	 Exponent in range but greater than a P e t  value 

4. 	 Complete figure lose as a result of addition 

5, Improper divisors 

One a programmer has been %otifiedtt that one of the above events has 
1 

occurred,’ ,the ability to propogate this exception’shouldbe his option. Therefore the 

following handling of exceptions is proposed. 

1. 	 Optional break-in if  both operands are regular but the result 

out exponent overflows or underflows, or an irnporper divide 

is attempted. 



2. 	 Optional break-in i f  figure loss irsr complete. 

30 	 If either o r  both of the operandr has an indication of exponent 

overflow or underflow the result w i l l  be predetermined by a 

set of fixed rules. If mantissas a r e  zero they w i l l  be treated 

as i f  they were non-zero except if they are used as diviaors. 

4. 	 Program Assignable bits can cause optional break-in as they 

flow into the S regirter from m e m o r y  for u8t ab operands but 

only those bits placed specifically by the program w i l l  be stored 

i, e. ,  these bits wi l l  not be automatically tranamitted through the 

arithmetic unit. 

The rulea for propogation of exponent overflow or underflow are given by 

the following figures. E is the symbol of exponent overaow, X ir the symbol for a i. 

+ 	normtllized floating point number, and e is the symbol for exponent underflow. 

Add operations 

* The result can c a u ~ eoptional break-in if exponent overflow or underflow, 

i f  exponent exceeds a set magnitude, or i f  figure losa is comptete. 

Multiply ope rations 

X 0 

E E 

-* 

X E * e 

e E e ei 
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* The result can cause optional break-in i f  exponent overflow or under-

flow, or if exponent exceeds a set magnitude. 

Divide operation 

Dividend ' 

Divisor E X e
I 1 

F--c 

1 
E i E  e e 

i 
X t ei "  
e !E E Ef 

The result can cause automatic break-in if  exponent overflow or under-

flow, if  exponent exceeds a aet magnitude. Optional break-in w i l l  a180 be caused 

if the divisor mantissa is zero. 

Operation -
Assume a sign manipulator, M which has four states: use sign, invert 

sign, set sign plus, and set sign minua. The symbol S wi l l  be used for the operand 

in the S register, the erumbol A w i l l  be used for the 48 m o r t  significant bits of the 

A register and the symbol A B  wi l l  be used for the complete A register, The symbol 

R wil l  be uaed for the contents of the R ' register. 

A l l  add operations will shift the number with the smaller exponent right 

before addition, If the mantissa b u m  overflows the mantissa wil l  be adjuhlted and the 

exponent increased by one, If figure loss occurs the mantissa will  be normalized and 
i 

the exponent decreased by the amount of normalization. The reeult willalways be 

a double length mantisaa in AB. 

Add operation 
\ 

MS + A into& A B  


MS - A into AB 


MS + A B  into A B  

-



MS - AB into A B  

M A  + S  into A B  

M A W S  into A B  

MAB + S into A 3  

MAB - S into A B  

Multiply operations 

A l l  multiply operations w i l l  produce a double length product in AB. The 

exponents w i l l  be added and a single leading zero in the product wil l  be normalized. 

M S  A - into A B  The two operands w i l l  be in S and R 
A 

M 8 ' S  into A B  The two operands will be in S and R 

Divide operatione 

Al l  divide operationswil l  produce a single length quotient in A B  and a 

single length remainder in R, The quotient exponent wi l l  be the difference of the 

operand exponents, The remainder exponent w i l l  be the dividend exponent l e a s  the 

number of divide sub cycles taken to produce the full length quotient, 

MB 3. S into Quotient in B, Remainder i n R  

M A + S  into Quotient in B, Remainder inR 

MS A into Quotient in B, Remainder in R 

Special operations 

Square root MS into B 

Load AtfS from memory 

Load MAB from memory 

Load MR from memory 

Store MS 

Store MR 

Store MA 
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Store MAB rounded 

Store M (lowerportion of B) thia operation implice the generation of 

an exponent 48 lo s s  trian B exponent. 

Round MAB 

Normalize AB 

hkke exponent S into floating point number in A B  

f Make mantissa S h t o  exponent in A B  lea8 one with m9ntiaaa ewal 

to one half 


Borrow from nnantiarra A 


Interchange exponent S &ndA B  


Compare exponent S 


Compare exponent A B  


Compare expanent R 


Compare Floating Point number 


Count leading zeros of AB 


Add to mantissa A B  


Add to  exponent A B  


Insert Program bits in AB 


Insert Program bits in AR 


Set exponent of S 


Set mantisea of S 


This is only a speeimsn list of the special manipulative commands for 

floating point numbers. The actual detailing of these commandr wi l l  depend 
1, 


upan the actual machine hardware. 
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There wil l  also be a mode of floating point operations which wi l l  introdqce 

b w  a fixed error similar to rounding into all arithmetic results to facilitate the deter-

mination of significance. This mode wil l  cause the automatic inversion of a pre-

determined bit in the result of all arithmetic operations. This inversion w i l l  take 

place before normalization. The operation8 necessary are: 

Enter mode (The accumulator bit positfan is assigned by 

this instruction). 

Leave mode. 

Test mode. 
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V. OPERATIONS 

33. Fixed Point Operations 
t & O S (  

The fixed point operatione can be divided into two cfaeres: 

operrtionr upon "full word" data, and those operatiom upon pieces of 

instructions and index word8 

The r e t  of operations proposed for the first claae will be eimilar to 

the floating point operations and will be on a word length basis. The 

word length a t  the! present time is 48 bits with sign and the 4 aseignrble 

bitr. The remaining 11 bit$ will be carried along but not conaidered in 

the calculation. There will be optional breakAn for the caaee of overflow 

on addition and improper divirore. The reeults will be defined if break-in 

i e  not taken and summary indication will be made. The 4 arrrlrignable bits 

and the 11 unareigned bits will be maintained in the S regiefer but will not 

h be tranamitted through the arithmetic unit. 

The operatione are: 

M S + A B  AB 

M S - A B  ell) AB 

M A B  - S 4AB 

MS 
A + 

M A - S --+ 

M AB; S -+ 

MS; A -? 

Load MS 

Load M A B  

AB 

AB 

Q in AB, R in R 

Q in AB, R i n R  



c 


Load MR 

Store M S  

Store MA 

Store MR 

Store MA rounded 

Store M (lower portion of AB) 

Compare 

Transfer Zero 

Tranafsr Non- Zero 

Transfer Plus 

Transfer Mhue 

The se t  of operation8 proposed for the second claes ier a eat of variable 

field length operationr. This set  of operatione should have in addition to the 
b 

data iaddraer and an index tag; three eix-bit addreasere. There addresssea 

wit1 indicate the atarting bit position in the S register, the field length, and 

the etarting bit poeition in the A rsgirter.  The addreas indicating the s tar t -  

ing bit porition in the S r e g i ~ t e ris equivalent to the actual bit address of the 

storage position addressed, This allows the programmer to addreer any bit 

or group of consecutive bite in any addressable location. During any indexing 
s 


operation using thir set of operation8 the six porition bit addreas will be 

appended to the low order poritions of the data addrerr  and any index quantitiar 

wilt increment this entire field with appropriate carry or borrow propagation, 
1 " h J

&the entire storage of the machine can be considered to be a c o n t i n ~ o u r  

string of bits without word boundaries. Thir ayrstam implies that tho high-order 

bit of a word hau the bit address, 0, and the low-order bit of a word has the 

bit addresb, 63. 



I 

Since the index words will contain one or  more signed increments in 

which the rign (or signa) will not be in the high order porition of the word, 
bw 

but associated with the actual increment field; it is necarsary that the rret 

of instructions be of both a cligned and an unrignsd natura. If the unoignad 

mode i i s  specified the field will be conridered poeitivs and all bit8 of the 

field will enter the data portion of the accumulator. If the signed mode is 

apecified, one bit of the field will be combined appropriately with the 

accumulator eign and the remaining bits of the field will enter the data 

portion of the accumulator. 

The eet of 	commands are: 


Load S uneigned 


Load S aignad 


Load A unsigned 


Load A aigned 


Add A unaigned 


Add A signed 


Subtract A unsigned 


Subtract A signed 


Store A unaigned 


Store A arigned 


Compare A unsigned 


Compare A signed 


It will be noted that the operations Load S unsigned and Load S signed 

allow the programmer to obtain partial words for uee in full length fixed 

b point operatione which have not been specified in the above Hart ruch a8 

multiply and divide. 



This set of command6 will make un-naceeeary a host of special manipulative 

commands which are required in other computers e. g. I rhift, store addreas, 

load address,  etc. They will also give the programmer a system much more 

flexible than hae been attainable in the par t  except by complax programs to 
inscv? 

extract or partial wards in memory. BerJidea being necessary to 

manipulate fnetructianrr and index quantities, theee commands will be useful 

in the casea where tables are collapsed to eliminate un-necessary zero@in 

worder or sero table values. The praeance J
oy

abeance of tabla values can be 

indicated by a bit array containing a one or  zero,rirnplifying in many caaea 

l a rgo  volume table storage roquiremente. Tbi8 set of commands Will a180 
Jbcr 

be n e c e s e a r y ~ sthe computer ie required to  perform radix conversion or 

other input-output functions 

C. Da ta  Transmission Operations 

There rhould be two types of data tranlemit commandb. One typo to 

transmit a word or block of words from one memory location to another 

and a second type to interchange a word or block of words between two 

locatione. It appears desirable that *&only should both starting locations 

“;sYbe indexabte, but that different incromentu __ be specified. The tramc 
d k.)crp& 

rnit command should be otrictty a memory function and not d b b u b  the 

arithmetic section. The interchange command may have to uae the S ragietsr  

a# an intermediate buffer register. 



Ve Operations 

De Logical operationa, The Stretch computer wi l l  have a bank of ssleetorle 

(triggrra) available to the programmmr to indicate the status of various component 

unite of the machine, These triggers wi l l  brb many in number and come in two classer: 

thoale which indicate the status of certain machine components and those which are 

controlled only by the program, In addition, the addressing scheme of the machine 

a l b w s  the addressing of any bit in any ward in the memory, thus making it possible
e.. 


A 
.c-

to look at the memory as a collection of bits, not words, 

To facilitate operationa on collections of bits, special commands are avail& 

ableS for example: 
k+c 


AND $X The contrnts of X a A N D e d  with the contents of the A Register 

OR X Same for OR operation 

b w ”  
Exclu8ive - 4-OV 

OR X Same &Excl. OR 

Set X For each bit La the A register, set the corerponding bit in word 

X to a one. 

Re 8et X Set to zero as above, 

Invert X Invert as above, 

Tranrfer if 
X ON For each bit in the A register, examine the cofrasponding bit 

in Loco X, Haf l  bite examined are on, tranefer, 
Cll 


Transfer if any 
x ON of tha corre8pondhg bit8 are ON, 

Tranefer if any X OFF 

Same for OFF 




The following are to be applied without reference to any other rtgieter -
b v  

ie, applied to the LOC.X only: 


Transfer if all X ON 


Transfer if all X OFF 


Tr any X ON 


T r  any X OFF 


The following include geometrical to numTerical address conversion: 

cl, 


Tr X, b, c ,  y ON Starting at bit b in Loc X, examine the nuxt c bits, When0 

a bit is found ON, place 
M# (the bit no. above b) in the CA and 

T r  to y. 

T r  X, b, c ,  y O F F  - Same for first zero. 

Count Ones X, b, c Count the total no. of one bits from bit b in X to C. Place 

the no in the CA. 

Count Zeros X, ky Same for zero8* 

Al l  of the above commands may be used with bit addreesing and variable field 

length addressing. These commands may refer to any bit in th8 memory am 
Ljrr 11 

ar e’ 
any selector. 

Provision for staring in a selector the result of a test  on any bit or group of 

bits wi l l  be provided as follawr: 

Set Sel. 2 ON if X ON 
These commands w i l l  act if the bit or group 

Set Sel Q OFF if X ON 
of bits specified in X f 8  ON, 

Invert Sol. Q if  X ON 
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Set Sef. Q ON if X O F F  


b" Same a s  above but X must 

Set Sel. Q OFF if X OFF 


be U F F  
Invert Sal. Q. i f  X O F F  

The selector,, Q, to be operated m a y  itself be the bit or one of the group of 

bits addressed by X. These commands allow one to program any of the binary 

logical conncrctives not included in thm machine a s  operatbhs. 

The s+lrctors wil l  be addrmsoabla in two modes: numarrfcal and geometrical. 

(1The numyerical mode ir the usual mode of addressing sslectora in pr88ent day machines. 
4 

This mod+ relies on an assigned numerical address for each reloctor, Any solector 

m a y  thus be interrogated by speci&xng its numerical addresr in the command. The 
sr 


geometrical mode of addrrm~ingdepends on the poaitione of bite in a regirrter. In 

this mode, a selector i a  aeeigned to a particular bit position in a register, and the
b 

selector m a y  be interrogated by a command which refer8 to the register. Those$ 

aeloctors corresponding to the bit positions with ones in tham wil l  be examined, ; 

'all selectors corresponding to the bit positions with zeros in them wil l  not be 1 
examined. Thie addressing mode has the advantage of permitting the examination of 

many selectors at of30 time. 

The above set  of commands, along with the data transfer commands covered in 
grc 


following section, conlrtitute a very powerful maans for logical control of program8 

and the rearrangement of information within the machine. 

E, Testing and Transfer 

There will  be a complete set of llfulll*word length tea t  and transfer commands 

for both fixed and floating point data such a s  compare, tranrfer zero, transfer minus, 
b 

etc. These commands a8 well a8 the variable 



length compare command and the index teBt commands have been dilacuersd 

in other eections. 

There will also be a sat  of variable length taut commande. TherJe will 

conrist of a word address and an associated bit address and field hsngth. 

The word and bit address will be indexable. The teste will be: 


Test D,  b, f for all ones. 


Test D, b, f ,  for any m e  


Count all onea in D, b, f. 


Count all sera# in D, b, f .  


Count leading z e m a  in D, b, f .  


Count aone8 in D, b, f, 


These command8 will Bet an indicator bit in the control raction which. 

can be interrogated for a subsequent possible tranofer. It will be noted 
b 

that this ret of commandas eliminate8 the need for special test command6 

for eero, non-zero, plue, minw, etc, , when operating with the variable 

length arithmetic. It also allowe the programmer to consider any portion 

ofmemory as a group of arelector bite. Thi6 will probably eliminate the 

need for a erpocial claee of indicator8 (or eelcctarr) which are program 

aerignable. 
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%e of the m o r e  important uses,for logical and testing commands wi l l  be in 

the utilization of the machine break-in system. The Stretch Computer wi l l  have, 

for certain conditions, a means for usurping contrql of the machine in  the event that 

logical conflicts arise. Some of these conflicts m a y  ar i se  out of input-output opera-

tions and some m a y  a r i se  from inconsistencies in the floating point arithmetic eyrtem. 

In particular, the floating point arithmetic system is not capable of a completely 

consistent definition, for the definition must be made in terms of 3 given problem claso. 

For instance, there is, a t  this time, no way to define in floating point notation a 

zero which is exactly analogous to the zero found in fixed point notation. In floating 

point notation there are many possible definitions of zero, --;andthe best zero to be 

used depends upon the problem. Since m o r e  than one zero definition in the computer 

is not feasible, one m i s t  specify what the machine must do if  the computer produces 

an undefined number as the result of an operation. Therefore, a reaaonably general de--mw 

finition of the results of any given operation wi l l  be built into the computer. For 1 

those cases in which it is possible to specify an alternate definition, break-in wil l  

be provided. 

The break-in, however, wi l l  be optional in every case, and the program mdt \  

specify the modes to be used, The optional break-in feature will  be composed of ' .~ 
I 

two parte: the Break-in Triygers which are directly associated with each condittdb ' 

upon which break-in i e  to be allowed, and the >Break-inControl Register * 

which contains a bit position for each Break-in Trigger. 16 the corresponding bit ilh the 
if;. 

Break-in Control register is a one, the Breakin Trigger, when turned on, w i l l  force an 

automatic transfer of control to a specific location. If the corresponding bit of the Break-in 

control Register is a zero, no automatic action wi l l  be associated with the Break-in 
I"* Trigger, and thfE machine wi l l  ignore that trigger. 
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This system allows the programmer to specify which particular occurrencee 

will cauae an automatic transfer of control. Thus, if the programmer cannot u s e  

the machine definition o f  the result of any given operation, he may, thru the specifi-

cation of certain Break-in Triggers, generate hie own definition in a subroutine and 

have it automatically applied whenever the condition arises. 

The commands covered in the previous sections wi l l  enable the programmer 

to modify the 3reak-in Control Register at w i l l  and to test the Break-in Triggers 

in order to determine the status of the machine at any time. The Break-in Triggers 

w i l l  be selectors of the same type as discussed previously, and wil l  be controllable 

to the extent implied by their use. 
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G. Data Transfar - The Stretch Computer w i l l  have available a spocial.
b 


command for moving a group of bits from any poeition in any word to any 

position of any otherword, The command itself wil l  look a13 follows:: 

Transmit Data X, a, b, Y, c 

This instruction wil l  transmit b bits starting at location X, bit position a, to 

location Y starting at bit position c, A l l  other bits at location Y remain undis-

turbed, Locations X and Y m a y  be any register or any memory location, and may 

even be the aame word, "%I This inetruction allows the transmission of a group 

of bits (not to exceed 64) from any word to any other word, effecting at the barn0 time 

a shift of a specified number of positions to the right or left. 

Another r@r8ionof the roarno command exchangoe two groups of bits: 

* Exchange Data X, a b, Y, c 

This instruction wi l l  exchange, b bits etarting at location X, bit position a with 

b bits starting at location Y, bit position c. All other bits in both X and Y remab 

undisturbed, No more than 64 bite may be exchanged in one operation. 

Another version of this command w i l l  exchange blocks of words in memory* 

Exchange Words X, n,Y 

This command wi l l  interchange tho locations of a block of n words, one block staeing at 

location X and the other block starting at location Y. The two blocke may not overlap 

in memory. 

All  of the above data transfer commands make u ~ eof the Main Axithm8tic 

Unit and its shift matrix, and thereforethe contents of the regirtem w i l l  be dartroyed 

h any data transfer commands. In addition, no other u8e can be made of the Msln 
f i  

b w  Arithmetic Unit while such operations are in proce8a. 

These commands allow the physical rearrangemant of data to be facilitated 

with a minimum number of commandrs, 
'z.ls7 I -



H. Compare Operations - Commands to perform data compari6onsa 

and subsequent trigger setting w i l l  be availabb. It w i l l  also be possible to compare 

two strings of bits both of which begin at arbitary locations within any txuo words. 

Usually, Hi, Lo, and Equal indication8 w i l l  b given #hroughretting appropriate 

selectors or triggsrr. Both Pogical and arithmetic compare aperations w i l l  be 

available. 

I. Tahle Lookup Operations - Certain specialized'tablo lookup operations 

are necessary to facilitate the US. of tabfee to represent functionrs. For the 

Stretch Computer, the commands wil l  be of two types: one type wi l l  search a tabla 

by comparing each entry against a standard, and the other type wi l l  effect a re-

placement of a given argument. T h m  table march command w i l l  operate as 

Table Search X, a, b, c 

This command wi l l  search a table starting at Word X, bit a. It w i l l  compare b bits 

(starting at position a) with the contents of the A register. If equality occura, the 

word and bit address of the argument w i l l  appear in the Control Accumulator. I;f 

inequality :oecuredm Ckr W i l l  be m d r x d  C bits and the process repsated If no 
Y 

equality occum before a preset addre88 in a special registar occurs, the procasa will 

tarminate, 

This same command w i l l  appear in several modes of compare operation: 

Conditions-

Equal 


H i  ar Equal 


Lo OT Equal 




In addition, the command w i l l  operate to find1 ,tho highest or lowest  value in a 
&%If+ 

n

givq table. 

The replacement table lookup w i l l  look at m bits in the low order part of the 

lower half double length-#;Aregister and w i l l  lookup in a table ctarting at X, a, 

a group of m bite which w i l l  than be placed in the high ordur’ end of the upper half 

of the A regicrter. This cycle may be repeated a number, k, # times. If the cycle 

is repatithe the registers w i l l  ehift appropriately betwean cycliesr ao that-. a 

sequence of groups m a y  be transformed by the lookup procerm. 

i 
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VI. Automatic Program Interrupt Control 

We shall, in the following, use the expression "break-in" to refer to the 

automatic interruption of a program in exceptional situations. In the STRETCH 

computer many new problem8 appear because of computer characterist ics that 

have no precedent . For example, the aaynchronous non-eequential control allow8 

the execution of control instructions prior to arithmetic operations which normally 

would precede them. Thus, the recording of enough information to permit con-

tinuation of a program after a atop occurs is more complicated than in ear l ier  com- 

puters where it is often adequate, for this purpose, to remember only the last 

executed instruction. In those situationa where several  operations are occurring 

simultaneously (e. g. computing and using input-output equipment), if break-in 

situations occur in more than one eequence of operations, some observation of 

b 	priorities may be necessary in determining the ordering of the corrective o r  other 

operatione undertaken by the computer. Rather than attempt to make automatic the 

perhaps difficult decisions involved in doing this, we propose that the programmer 

be responsible for this corrective action. This may not be very much of a burden, 

however, because it is expected that a general purpose library program can handle 

these situationa in most cases, and it is proposed that such a program be an integral 

part of the break-in system. This program will be referred to below as the break-

in library program. The desirability of having such a program, assumed to be pre-

sent in all normal uges of the machine, wi l l  in part  depend upon the amount of storage 

apace that wil l  be required to accommodate it. It may be feasible to store that part 

of the break-in program that may be called upon frequently for the more common 

break-in conditione in core storage (2p dec cycle), while those parts that handle more 



:iuy 	 exceptional situations can be held in auxiliary storage. If, on further investigation, 

a very general program seems to be feasible then, in several  situations, as indi-

cated below, it may be worth including in this program procedures which, Ff executed 

by the inclusion of more hardware, would add significantly to the complexity and cost 

of the 	computer. -"2 

It is assumed that  a "Mask Word" register will  be under the control of the 

programmer. The 64 bits of thils word will  refer to the status of as many "triggers" 

which respond to various machine states (defined below). In addition, an "Indicator 

Word" register will  indicate the present status of these triggers. This register wi l l  

also be addressable and modifiable by the program. When the logical product of these 

words is not zero, a break-in will  occur. This will  cause a transfer to a fixed larca- 

* 	 tion (the first  instruction in the interrupt l ibrary program). It might be slightly more+ 
convenient to have the machine transfer automatically to a different location for each 

break-in situation. However, the cost of the additional hardware required to accomp- 

lish this should be considered and, if it is at all significant, the transfer to a fixed 

location should be made. The break-in program can then determine from the logfcal 

product of the Mask W o r d  and Indicator Word  the proper address to which to t ramfer .  

Since the first  step in the break-in procedure may, as indicated below, always be the 

game 	(copying the decoder registers) it may be desirable to do this in any event. 

Normally, many of the bits in the Mask Word will always be "on". Since a 

general break-in syatem is being proposed we suggest below the inclusion therein of 

the handling of several  situationrr where the incorporation of enough hardware to ac-

complish automatic cbrrective action does not seem to be justified by the infrequent 
'Iruu* 



-62- 


e

'w 	 need for  this action. Thus, we propoae that e r r o r s  in the results of arithmetic 

operations and possibly e r r o r s  in the transfer o r  retention of words (the desir-

ability of handling this type of error by this means wil l  depend upon the type of 

error-detecting code that is eventually specified and the cost of including auto-

matic correction) be corrected by the break-in library program rather than by 

additional hardware 

As an example of a special operation that might be considered worthy of inclu-

sion in a general break-in system (but possibly could not be justified if it, and all the 

hardware required to accomplish it, were considered alone), a special SUBROUTINE 

instruction has been suggested (by Mr. W. P. Heising). This instruction located at 

A would contain addresses B and C, It would cause the program o transfer to B and 

f* continue with the subroutine beginning at this location until an instruction from loca- 

tion C is called for. When this occurs the machine would automatically return cantrol 

to the instruction at A 1. I,, If the instruction SUBROUTINE is given before the return 

transfer for a preceding SUBROUTINE instruction haar been effected, the machine 

would "remember" enough information to permit this return to occur after execution 

of the moat recent SUBROUTINE instruction and the return to the location following it, 

This could all be accomplished by additional hardware including a t t  compare address 

register" and a "comparator" together with the break-in l ibrary program. The com-

pare address register would contain the addrees, C, that appears in the most recent 

SUBROUTINE instruction. The comparator would compare the contente of the instruc- 

tion counter and the compare address register. 
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Thus, this type of instruction involves a break-in operation, However, t a  
t
V 

handle it in the same way as the other break-in situations described below involves 

more hardware. It would be necessary to set a selector o r  break-in trigger bit in 

the Mask Word  when the instruction SUBROUTINE is given (hereinafter called the 

SUBROUTINE bit). The corresponding bit in the Indicator Word would be turned "on" 

when the comparator indicates agreement of the number appearing in the instruction 

location counter and the number, C, appearing in the moat recent SUBROUTINE 

instruction. Because of the possibility of subroutines within subroutines, the inter-

rupt l ibrary program would have to take appropriate action when a SUBROUTINE 

operation is encountered before the return condition of a previous SUBROUTINE 

operation. This wauld include storage of the most recent C addreas in the compare 

address register and the A and B addreaaes in the memory w e d  
II 

b interrupt l ibrary program which performs this function. When B SUBROUTINE 

instruction isr given, the SUBROUTINE bit in the Mask Word will  be examined and, 

if a previous SUBROUTINE order has not been completed, a different bit in the 

Indicator Word will be turned on and a break-in transfer to the library program vi11 
I 

occur. 


A list of suggested break-in conditions follows. Each of these conditions 

correeponds to one bit in both the Mask Word and the Indicator Word. In an installa-

tion that includes a separate input-output computer the detection of and remedial 

action for some of the break-in conditions listed below would be undertaken by this 

computer. Under group B, "E" represents a floating point number with an exponent
I 

overflow indi'cation and "e" represents a floating point number with an exponent under- - flow indication, 
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A. 	Input-Output Conditions 

1. 	 An error in reading. 

2. 	An error in writing. 

3. 	An end of file indication in reading (before a specified number of 


records has been read). 


4. 	A n  end of tape indication in writing, 

5. 	Attempting to read o r  wri te  beyond a maximum address ( e . g .  on a 

drum o r  RAIMAC unit) 

(In the above conditions it is assumed that a regietter will contain the address 

of the input-output unit involved, supplementing the information supplied by 

the break-in bit) 

B. 	Exceptional Arithmetic Conditions-	 ---I___ 

6. Positive exponent overflow in floating point multiplication. 


7, Negative exponent overflow in floating point multiplication. 


8, Positive exponent overflow in floating point division. 


9. Negative exponent overflow in floating point division. 

10, Positive exponent overflow in floating point addition or subtraction, 

11. 	Negative exponent overflow in floating point addition or  subtraction. 

12. 	A zero mantissa result of a floating point addition or subtraction*. 

13. 	 A zero mantissa result of a floating point multiplication (if un-


normalized arithmetic is used). * 

14. 	A zero mantissa result of a floating point division (if unnormalized 


arithmetic is used). * 
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15. 	 An exponent in the result of a floating point multiplication which ex-

ceede Borne preset bound+. 

16. 	 An exponent in the result of a floating point diviaion which exceeds 

8011163 preset bound*, 

17. 	 An exponent in the result of a floating point addition or subtraction 

which exceeds some preset bound*, 

18. 	 An exponent in the result of a floating point multiplication which is 

less than Borne preset bound*. 

lQ. 	 An exponent in the result of a floating point division which i s  less  

than aome preset bound*. 

20. 	 An exponent in the result of a floating point addition or subtraction 

which is less than some prerset bound*. 

21e Attempting to multiply a number of type E by one of type e. 

22. 	 Attempting to divide a number of type E by one of type E, 

23. 	 Attempting to divide a number of type e by one of type e. 

24. Presence of an exponent overflow bit in one of the operands in an 

arftbmet ic operation. 

25. 	 Presence of an exponent underflow bit in one of the operands in m 

arithmetic o eration.1 
26. 	 Attempting a fixed point division where the divisor does not exceed 

the dividend, 

27. 	 Occurrence of an overflow in a fixed point addition or subtraction, 

28. 	 Occurrence of an overflow in a left shift operation. 

20. 	 Occurrence of an overflow in a floating to fixed point conversion. 
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30. 	 Complete loss of significance in a floating to fixed point conver- 

sion. 

*The procedure followed by the interrupt l ibrary program will depend upon 

the setting of indicator bits in the data word operands, 

C. Arithmetic and Other Machine (or Programmer) Errors  
* 

31. 	 An error in a fixed point addition or subtraction. 

32. 	 An error in a fixed point multiplication. 

33. 	 An error in a fixed point divileion. 

34. 	 An error  in a floating point addition or  subtraction. 

35. 	 An e r r o r  in a floating point multiplication. 

36. 	 An error in a floating point division. 

37. An error in a word (indicated by the error detection bits) being read 

b out of a high speed storage unit. 

38. 	 An error in a word (indicated by the error detection bits) being written 

in a high speed storage unit. 

39. 	 Attempting to interpret an impossible operation code in an instruction. 

40. Attempting to interpret an impoesible address in an instruction. 

D, Programmer Controlled Conditions 

41, 	 Break-in bit uaed by the SUBROUTINE instruction described above. 

This bit Sin the Indicator Word is set when the contents of the Instruc-

tion Counter are shown by a comparator to be equal to the contents of 

a "control word regieter". 
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42. 	 Occurrence of a SUBROUTINE order before the completion of a pre-

vious SUBROUTINE order 

43. 	 Complete tracing break-in bit under programmed control. It caumeg 

a tranefer of control to the interrupt l ibrary program after the execu-

tion of every instruction. The corresponding bit in the Indicator Word 
c 

will normally always be on. 

44, 	 This bit is like (43) except that it ie controlled by a manually operated 

Switch, 

4s. 	 Transfer tracing break-in bit under programmed control. It causes 

a transfer of control to the interrupt library program before the execu-

tion of all transfers. 

46. 	 This bit is like (45) except that it is controlled by a manually operated 

awitch. 

47. 	 A manually controlled STOP switch sets this bit in the Indicator Word. 

Thus, manually stopping the! calculator is made part of the break-in 

system. 

48. 	 A preset time of day has been reached by the real time clock, 

49. A preset lapsed time interval is indicated by the real time clock. 

500 These fifteen bit8 in the Indicator Word are under the control of manual 

rsrwitches, 1the program, rea l  time devices and any parallel data pro-

ce~sor8(such as an input-output calculator) incorporated in a STRETCH 

system. Any of these can interrupt the high speed STRETCH com-

0 

64. 	 puter at any time, if the Mask Word permite it. 



-68-

The f irst  step in the break-in procedure wil l  be to duplicate the five asynchro-

nous control (osdecoder) registers in five reaerved memory registere. Since a pro-

gram could not perform this function if it8 own instructions went through the decoder, 

it sleems necessary to provide additional circuitry that would accomplish this when a 

break-in occurs. It will probably be desirable that the break-in program be informed 

of the original locations of the instructions in the decoder and therefore that these 

locations appear in the decoder registers aljl well as the instructions themselves. 

If two break-in conditions occur Bimultaneously or if a second break-in occurs 

while 8 prior break-in situation is being corrected, no special difficulties are en-

countered, In both caaes the break-in program can handle the different situations on 

a priority basie. If the corrective action for any break-in must be postponed, it  wil l  

* %* be the responeibility of the break-in program to "remember"the hdicator Word, the
.L 


contents of the control registers and whatever other information is necemary in order 

to correct  the ssituation at a later timet. 

The break-in program should probably be written so that the frequency and loca-

tion of machine errors, occurrence of overflows and underflows and other informa-

tion of interest to the engineer and the programmer wi l l  always be recorded, This 

would probably be an exorbitant requirement if break-in action were entirely automatic. 


