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ANALYSIS IN DEPTH 	OF THE ITEMS LISTED IN PROPOSAL FOR SIMPLIFYING 
c 


AND REDUCING TRANSISTOR COUNT OF SIGMA 

1. 	 Elimination of the Hamming checker, generator from the computer internal 
bus, (memory word#, and exchange) The reasoning behind and implications 
of making this move are: 

The Hamming checking and correction syrtom is being 
applied to an area where moat generally we have ex -

Little Meed 	 psrienced the greateat reliability in past machines. The 

moat effective place for thia type of checking would be 

t&e I/& 


This ias an expeneive and time concumkg operation, If 

it can be eliminated, not only will transistors be saved, 


Save Time but it may be pornriblo to reduce the length of the time 

cycle in the I box thereby iacreaoin~~performancs, 


An interesting thought emiaating from item b is that it 
19 conceivable if the I box cycle io  reduced and perform-


Swap Time for ance increased, it may then be possible by removing one 

Transistore level (es t . )  of Look Ahead and eaving mora transfatore, 


yvrrv 	 to bring the performance level back to where it presently 
i d  0 

A simplified parity checking system should suffice to re-

Parity rhodd place the ful l  Hamming checker based on the argumentof 

Suffice item 1, 


The Hamming checking ayrtem happens to be the only speci-
fic unit which presently hrs the ability to correct single . ,

only Unit with error#. ff this unit iar removed, then another area must 
Error Correction be found where sia@le error correction faeuitiea are ovaii- j i b p  

able or else make a change in the wording or interpreta - acQ " I  

tion of the Sigma contract, 

Errors that have been 	cxpeiioncod in core memory eye 0 

tern$ once the sy8tem ha8 bean checked out and installed 
pay  At*L4i 

i " 

Hamming not are not generally single bit errorso Line drivere, de - , r  
Really Required coders, and iende amplifier8 have cau6ed more errors "fi>:,Ir?c; 

' - i . # * + athan the picking up or 	dropping of a single bit, 
' # " ddL~d 

f1 Item e can be questioned on the grounds that we have no 
experience with the type of memory being built. There i a  f*-**4' , 

Challenge Reason- however aufficieat similarity 60 that intuitively the con -
& ing Preslented cluefon can be drawn that the relative parameters effecting 

reliability should not b e  substantially altered. *rJ 

6 
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g) Elimination of the Hamming checker from the Sigma 
'b computer proper will immediately result in a tran -

Fundamental eistor savings of about-units u a subatitution ie 3 . '7~~~~~ 

Tran8istor made, relocating the Hsmihing or replacing it, then 

Swing% the transistors involved must be subtracted from the 


imrncbata ravingo. 

- '''7 < -

20 	 ~ l i r n b t i a nor making an optionelJg%tzre*OT
_.e 

Decimd multiply, cumulative 
multiply and divide. The rewona behind and implications of making thin 
change are: 

The Sigma computer is n ~ w  	 7considered to be a product 
I ;  

to satisfy the requiremento of Scientific or Technical N W ,+ 

applicatione only, with War modification of competi- I 


t h e  area, 	the existence of decimal arithmetic opera = ': "C-F ~~~~~ 

Change in 	 tiaao can be justly chsllangad, Binary VFL, and con- ' 
p-4, 

e r 


Computer 	 nsctive operations are @tillrequired, thereforeproviding & 
d 

..pmF* 

Empharits 	 a decimal add and subtract is of trivial cast and may L A - j  

ponsibly be used to advantage. The remaining decimal J 
8 ,ui,L( 

optrationr which c a q  more readily be eliminated are 
multiply, cumulative multiply and divide, 1 

The number of tranrietors that can be eliminated is ap-
proximately. Thir number is composed mainly 
of traneistors khat compriead the execution cpg$~g+J.&~of-

+,_,I---
the subject inatructfonso The basic decimal addfacility 
18 retained to provide Pimple add and subtract to aid in 
conversion problems 

4 Problemo that could formerly be expediently dons in 
* I fAlter Emphasis 	 decimal (normally ohort) may now be panoliaed in that k*f?.y2 

4 


of Prob1e m  it may become necesrary to convert to binary, procesa, ,' 


Attack and perhapa teconwrt to decimal, 

&'; Lckh

Although this may be true, it fa expected that this type i i , a w f  
I iof problem be encountered infrequently, 

The inclueion of controls for decimd multiply, cunnu-
lative multiply and divide may posetbly be made an f C ; a  

Optional optional feature, %%e ~uggestedapproach 1st to include 
Feature the controls h the o r i g i d  design and layout, then not 

l i e t  the control componeatrr with the rebased system, 
The hplfcirtfon is th8t machines newer desiring thcdi-
miartard facilities arc less densely packaged er contain 
warted $paca, 

'* 

EXznirrate the ability to permit full word instructions to lie aeroai word 
baundarieo, Specify the rertriction that full word instructions must lie 
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within word boundaries, 

a) ’ Applying the restriction will reduce the complexity 
and general confusion in attempting to undtr8trnd 

There will also reslult the elimination of approxi -
mately transistors, 

the logic, switching and data pathe of the Ibox, 
.rHd.?,” 8 t U2t-y. 

A
{2L * -

Applying t h i s  rmtriction may make an autocoding 
program or oarssmbly program a bit more cornpli-
5at0d & writs. There is nothfng tb-hai-c&te*Gc 
t h i s s p e  of prograxn would be irnpoarible to write 
or when written would be substantially reduced in 
efficiency, 

PP-

No Op, instructions would necessstily k v e  to be 
Larerted in a ptagrarn at the point where the program 
bream from a emrim of half word instru.tfon6 to 
full word instructions if the last hdlf word krrlrtruc-

two observadons can be made: 1) Programs w i l l  
not generally alternate between half word and full 

$ 

tion ends in the roiddleyf a word, The following 
f d 

Y 

or Penalty word instructiana at frequent intervals---- * 
Theywill 

-..*”.. 

mora likely executa loops or logic procereing in 
Q ~ S Cmode o r  the other and change mode only when 
it becomts necarrr,ry; 2) When a break is made 
from one modo te the other, the o d y  concern i a  in 
tho erection of converting from half to full word 
inrstructionr. On the average i o %  of tJttacaPies *w+*@f 

8 dfwould require &e inclusionof a half ward nozoi ‘ % : f  “ 


instruction - the case where the lslst half &d in-

struction endB in the middle ef a memory word, 


The cmpbaaia of Scientific applications ever corn-
mercial applicrtions has rsrulttd in suggesting the 
elimination of decimal multiply, cwnulrtive multiply, 
and divide, A logic& extension of thh philoeophy 
d r o  implfee lesa frequent u t  of full word inrrtruc-
tionrs. Lasr frequent w e  of full word instructiono 
aloo irnplfer lees frequent program changing from 
half to full word inrtructions thereby reducing the 
number of no-opr that would potentially be inserted 
into a program, 

p :c ’ 

I ’
Eliminate the poeaibility that a 0,s us memory ahodd be part of standard 
imtdlrrtion, or standard optional equipment to the Sigma syrtem, 

ch-gt in 
Emphasis 

40 
’lu 



. 
- 4 - 	 June 2, 1958 

Dr, H, Go Kofeky has e h w n  that the incluair>aof 

Dubious a 0 , s  us memory does not neceaeargy- kmply an
___ I L I .  " -c_*- - -c  --I 

Porformrnce increase in performance, particularly when re -

Increase latod to coets and possible sublstitutions for that 


C o 8 t o  J 


From information available the 0,s us memories 
are not actually 0 , s  UB and are claesr percentage 

Coat Basis 	 wilee to the 2 , O  us memories than the givennames 

imply, The capacities of the two memories are 

ana to sixteen far a cost that is approxSmatelyequal, 

Therefore a summation revcalr: coatr abut equal, 

capacity 1 to 16, speed of operation ia rzot 4 to 1, 


u tp- * ... -1-

The Sigma contract calls for inclusion of a 0,5 us 
memory and ff it is eliminated, it is quite tikely 


P e d t y  of tha? renegotiation of tho  contract might be inorder, 

Elimination OP at laar t  the substitution of iome hardware or 


logic feature rzcrt pre~lsndylisted in the contract to 
replace the 0 ,5  us memory, 

Elimination of the nccessLty to provide facility for 
0,5 us memory can a r c c t l y  releult in the dimina-

Advantages tion of-transistors, The need for addition, efco
b in instruction preparation, specid bus switching,, 

regirtar entry etc. art eliminated. 

5, 	 l!3iminate tho urPe of signs for  index arithmetic, permit straight addition 
only with subtraction being done by addition of the complement of the ++fJ-- * ir LIL 	 -"..I_ ~~number fatended to be 	aubtracted. 

I 1 

2 %The acceptance af this restriction immediately re- 4 k:z; 

ina saving a€approximately-tralM3htOr8 o =+;+?!? 
Since only additian i s  pcrmiseibIs, no cornphmcnta-


Traniistor8 tion ie required et the inpute to the index adder, no 

Saved recomplementation cycle has to be provided for, con-


trol logic $8 rimflffied, the carrying and manipulation 
of rfga bits i s  e f h h r t e d  and no taot for a negative ef-
fective addrasr neea be provided for ,  

+-.,A-


X€ this.restriction i s  adopted, it- more likely , 

k.. 
2 .
using emitter follower logic, etc, to reduce thethe  .)*!a7f r ff 

Parfoxrntng 	 of index add cycfeo m a  time reductian(and perhaps 
Advantage 	 the time saved by the Hamming chekker elimination) 


E a y  wov lds  the ability to seduce the ovrsrrall t i m e  

cycle of the I box thereby incraaaing performance. 
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Since o d y  addition would be provided, tbe program-
mer rantlot w e  a single numeric field to adjust dircc-


Programmer tioa of indexing. Two eaparate valuce muat be pro-

Plbnalty vided, the other to
one to permit forwa+d p r o g r e ~ a ~  

permit negative progress if it is neceieary that this 
technique be employed, In certab instunctss a pro -
grarnmer can avoid the problem just dercribed by 
wing two index rsg f~ tcrsin place of one thur halving 
the number of independently available index registere 
or maybe increasing the frequency with which avail -
able fndsx registers must be set  up for independent 
usage 

d) 	 No machine presently e x i s t s  which provide8 the f iexi-
bilities and capacities of the Sigma computer. If a 
problem normally requires 4 index registers, eight 

Penalty Sigma regiuters can be used with @even remaining for 
Relationships multiprogramming, additional flourishes to the raolu -

tion, atc, The net result can often be t h a t G n ~ ~ e ~ e ~ e-
hsndigap is imposed upon the programmer and theprob--
i<m-*maybe run faster and at less coet depending upon 
hcreaecd I box performance and transietor count re -
ductian, 

hv 
b e  	 Eliminate Prqreseivt  indexing abilities and the ability to apecify that a 

full word Lnstructfon may be immediate. 

.a) The adoption of this proposd will resdt in a transistor 
savlnge of approximately-unitr. Complexity of the &"T 

Tran6lotor I box will also be reduced in that it no longer bocornea 
S~Vi I l$€?  a problem to Ipee what the 'P'field will turn out to be 

after indexing B O  that the proper handling and indexing of 
the inetruction addrerse~can proceedo 

I 

c-7 
Jb) 	 Progressive indexing hres always been subject to chd -

ltnge primarily on the basis of doubtful advantageQPro-
gresrive indexing provides no unique ability,..it make6 

Doubtful ssrsible a macro-ing of an index instruction with a pro- VQ&, 
Advantage CCGEI instruction, but provides no function that cannot &*&P & b i  

of Progre8sive otherwise be specffie&-Its existence is a t t r & ~ & w o4* 


Indexing 	 things: ( ~ i i ~ ~ s i ~ X t < ; ' sopinion) 1, A compromiee be - / I ~ L  

tween two camps of apinion, with the resulting; mental 
compromise that W you accept this item, 1 will accept '* a " *  
item x which you champion", 2, Demonstrating that this - --/-* 

feature can be w e d  to eliminate some instructions in ~~~~~~~~ 

certain arears of commercial applications, 
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, 

The recent change in emphasis; Sigma computer as a 
prime tachical cafculrtor, minimising the commer- r 

cia1 aspects, wedkenr the argument of item b) 2, 

The 	availability of an immediate modifier prover con- * 
veniant when a coaetant to be derived from an address 

Doubtful Value portion of an insltruction a8 modifiod by an index quan- d 

7 - %  
of Imms&ate 61 tity is derirod, (either may be zero) How often is thie 

dasiroblt? Since an immediate modification cannot be 
logically defined when applied to a I t t o  memory'' typeof 
inetruction, ita u6c ie rertrkted to Itto bccUmdatorll 
type instruetiom 

e) 	 The existence of Progressive indexing and an h m e  -
diots modifier can, at beat, provide for the combina-
tion of certain types of instructione (index modification 

Real 	Advantage and procersing) thereby rqducing the- to^. 	 - _~ 

~ 

inrtructions compriring the program. e immediate 
modifier offers the advantage that for the particular 
case p q  data fetch need be made, not is it necessary tc" t - $  

to provide aeri'e*pWiSstorage area for this particular 
C 1 W 8  Of COZ' i8~Xl t8 ,  

* 

The P field or progressive indexing modifiers cxirt in 
Confusion the second half of a full wgrd instruction, Both halves 

b P  Point of BL full word instruction are indexable, Tho following 
truth6 can be outed,: 

1) 	 The exact nature of the instruction 
cannot be determined until the eecand 
half of a full word instruction has been 
indexed. 

2) 	 Logical rules of algebra cannot be ap-
plied to indexing the second half of a 
full ward instruction since the indexed 1 

area lis comporrcd of iPdapsndontfielde 
through which carrys may propagate, 

3) 	 Extreme care will have to be exercised :p 

Ito pravent arriving at a P field result t 

which i s  detrtmaataJ, 

Eliminate or class ae optional features the LZC (Left zero counter) and 
AQC 	( A l l  ones counter) asoocfatad with the logical connectives opera -
tions0 

' b v  	 Transistor a) The LZC and AOG are expensive unitrs and if eliminated <Ls"@O 

Savings would result in a aaving of approximately-transistors, 

6 

70 
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The 	LZC and AOC are features which have never 
Ib 	 before been available to programmers, and a1 -

though they are powerful tools, it is expectedthat 
programmers wi l l  not be making immediate effec-
tive use of thesae tools, It is the opinian of Ehia 

Jurstificatfon ae writer that except for sophisticated computer u i e f b ,  
an Optional them features will in larger percentage of c a ~ e s  
Feature bo left idle while concerted efforts will be expanded 

to work with the logical connectives, From this it 
isr concluded that tho LZC and AOG can be justly 
categorieed a6 Optional Featurego The intent is 
that the LZC and AOC be designed and layed out, 
but not included as part of the original model. 

4 	 The L Z C  and AOC provide information which can-
not easUy be derived by any other technique. The 


Juotdficationfor only justification for reducing the feature to an Op-

Retention tional level is ita cost and lack of proof that the 


feature irs a neeerrsity, 1taAnclusion-G overall 
Sigma design along with the connectives roioea the 
computer at least one level of sophistication above / 
dl exioting computers,. 

b 8, 	 Eliminate or class an an optionolr,fsituro the address comparison mech-
anisrn far multl program 50ne prutection, 

4 Removing the addrees cornparison feature from the 
Transistor category of "integral part" of Sigma computer will 2){JL 
Savings reroult in a saving of approximately-transistors, 

B) 	 The addraee cornpariaon mechanism is daftttd €or 
program (memory sone) protection in machines that 
are bein8 used for multi programming. The implica-

Queetion 	 tion is that a11 Sigma computers are to be multi pro-
Multiprogramming 	 pammsd. Is this a valid asrumption? If ;ne, two 

or ravarrl installations have problems that are s u f  -
ficiently long running, to juatffy the elimination of the 
multi program concept rshould they be penaEised with 
the cost of thesr~extra transistorr, thisrrrnectssary 
programming obatacls, and perhaps incrtaeed execu-I 

tion time 3 

4 An %mer gtmapttmdtiprogramming concept can be 
Restricted defined where the memory protcctien can be made 
Definition of &a responsibility of the auto aisem'bftr, supervisory 
Muftiprograrnminp program, or the automatic debugging program, This 

k 	 "inner group" concept ptrmito multiprogramming only 
as it directly relatee to the main prqgrarn, i .8, , r e t -
up routiaeer, I/O s i g d s ,  exception ca8e handling, etc. 
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More rsimply defined, an ''inner group" multiprogrm is 
b defined as the oophiaticated switching between theaeveral 

eub routines directly related to the main line program, 
1 

d) 	 If the memory protection feature were made an optional &5g i 

feature, the feature would be designed, but the ayrtem 
Optional Feature 	 would not include the hardware to perform the automatic 


protection unless requested by a particular customer(at 

an additional CO8t)o 


a) 	 A compromise may be a more acceptable solution, The I 

compromise would include specifying a memory protec-
t "Cornpromias 	 tion feature that ia not 80 elaborate, effective, complex, ,$82""3."-.g 

or costly as the one presently proposed, The transistor 
aaving would be reduced, but the overall effect wouldstill 
be to reduce the total trisnsistar count of the eystern. 

90 aiminate or claglaify as an optional feature the Elapsed time clock, 

a) The elimination of the Elapsed time clock from thesigma 
Tranriotor computer syiltem would result in a saving of approxim&te-

, *.g?pI 

SCavLng 	 ly -transistors, 

b) There is no known use being contemplated for the elapsed 
& Challenge time clock fn the area8 for which the machines m d t r  con-

Validtty tract axe being built, - *  I_-".There is no denying that_potential. 
UBCI can be listed bxthe doaen, but it ie notpreeently- 4  

c - 
h ? i - * ~ > ~ % ~ ~ ~ k_-yillbe used. 

c )  The elapBed time clock does provide a unique tool for com-

Clock ie puter purchaserso It is the one feature that 

Unique makes the machine fit  into the catcgary of 


sing, The effect of the clock cannot be duplfcatcd in any 7 4  c,k.lt 

manner - a clock must be provided or simulated for the 
eituatfons where it is required. 

d) 	 Making the elapoed time clock seema to be ;a reasonable / Icornpromiat, The customers not intending to uee it will w *  

Optional 	 not have it, and those customera whe dersire it will findit 

available at a alight additional cost, 


y $t * 1  

100 Roetrichg VFL aperations to bytes of 4 and 8 only, and theee bytes muet 
lie on boundaries which are modulo 4 both in memory and in the accumu-
labor, ilit: ;)

+ 

Tramfrtor a) Adoption of them restrictions can result in a traneistor 
fb 	Saving eaving of approximately11111111111 

uni ts 0 
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b) 	 If the above raatrictioa is adopted, aed*fhaabwkw- :t.r/L;2 t* 
bv" will result in VFL progrunming, The awkwardnaso will 

De-amphashe result from trying to adapt axioting control p r u n e t a r e  
VFL Opns. (instruction address& 18-19 bit#, e t c , )  into fields whose 

length is modulo 4. Certainly some modification or re -
definition af the machine will be in order, or at least the 
creation of some new instructions, 

Single bit fielde and non modulo,4 fields will have to be 
expanded to become modulo 4 by insertion of aero bits, 

Packing The net reeult becomes a reduction in the deneity of in-
Density formation bits etored in memory. Complexities are also 7mu,,& 
Reduced introduced in the I/O area where units functioning on,a 5 

or 4 bit character basis will have to be modified or con-
verted by some intermediate buffer to be compatible with 
the processing capabilitiee of the computer, 

d) The only byte eize conversion that could be pooeible is 
4 -Implied 	 from 4 to 8 and its invereeo Intermix of numeric and 

' Restriction alphanumeric data for processing becomes leet3 feaarible, 

e) 	 A compromise that will permit more varied capabiltties 
and, of couree, reduce the traneistor saving is to speci-

'ylur~ Compromise 	 fy that the inatructions mentioned apply only to the ac-
cumulator. Some true VFL attributes remain in retain-
ing the ability to store and extract variable fields aseoci-
ated with memory, but these Bame fields in theaccumulator i f 

-~YcO,must be modulo 4, Byte sisae conversion may be fromany- 1 
thing (148) to 4 or 8 of the accumulator, and its inverse J 
operation. 

f) If a decision is to be made on the basis of the original I 
restriction$, it will probably be best to eliminate VFL / 

Persona3 from the computer completely and replace the voidwith p@.( f % ;  r 
Conclusion some apecial inetructione which d l provide the miroing rdrpt 

abilities (i. e , ,  h a d  Exponent, Store Addrese, etc,) ,  ,' i"?'.i n


.**'Sf.., ;=&
11, 	 Define, clarify and reduce the presently assumed level of completenesr of ,,* 

checking ;L, J '  

a) 	 The preeantly a6sumed level of checking is imposing a 
severe penalty in number of transistors required to reach 


Trannie tor the goals arbitrarily B e t ,  A large savings can be realized 

Saving from--transistors if the level of checking can s3
to 	 - ? & T ~ ~  

be reduced, 

b) 	 The present philorophy pertaining to the Sigmacomputer 
very simply statee that the computer will be fullychecked,- I-- -------..--"-+ 
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'(rv This philosophy C&A be expanded to have three parts, 1) fuU 
checking 2) error correction and 3) fault locationo A clear 
guide has never b.cen established to help the logical designer 

Review philosophy determine the type of chocking ayrtern or the method fordeter-
mining a resoonable coat for a checking symtam, Thenatural 
tendency ha8 been to provide checking abilitiee definitely 
above a minimum level costwiee, and with no method tojudge 

n 

adequacy of the applied checking syotem the whole system
becomes shrouded in doubt, 

To eetablish a criteria upon which logic daoignerr can baa0 
their checking sy.tems a Checking Philosophy is proposed. 
The 	net result of adopting thir or any other set  of rules rhould 
be a 	consistency of approach toward6 checking and a reduction 
in the number of tranaristors required for checking, # 

1, 	 No proposed checking schemes shall include 
error correction except LLIit tames free 
from the checking syottm design, -̂ .--- -s 

2, 	 No propoeed checking scheme ahall include 
fault location except as it cornea freefrom 
the checking system designed, 

-'& _-* 

3, 	 No checking symtern shall contain more than c+ 

30% of the transistors compriring the area i 
being checked, 

4, 	 The principle of "Borrow from Peter to pay 
Paul" may be applied to an area where a mini-
mum checking scheme cannot be designed for 
30% of the transistors of the area, If a mini- . 

mum checking system costs more than 30% 
of the area b e i q  checked, the area may be 
extanded to include anether area in whichthc 
cost of checking was below 30%. Following 
this principle, the total cost of checking in 
the computer cannot exceed 30%. 

5. 	 No checking system ahall be adopted if , it  .sap"I c++f

p v s r e l y  increases *e time of execution Ij,sst"&q :""e---

through the l o z p a t h  being checked, Severe G' 

can imply 30% increase, 

The following table m a y  be interesting, it was originally grt -
pared alp an aid to the Andysie of checking problem: 



lb 11 * June 2, 1958 

How to Where ohould Test for D etermining 
What kind How much determine checking be adequacy neccsa ity 
of checking? checking? amount done ? of checking for checking 

t 

none none intuition 110 none none 
Pure 
Checking 

parity 
casting out 
duplication 

ctc, 

a little 
abit more 
a lot 

dfscuaBion 
70of xidntr 
logic
70ofover -

data pathe 
mem & bus 
logic uni ts  
controls 

intuitive 
no, ofxistnr 
used 

program 

asewnc it ie 
statistical 
re1iability 
study 

all corn alZdySi0 
puter statistical 

none 

rpecial code 

Error try again -
C0rr.c- stop I t  ) {  I I  I t  I t  

tioa decode 
2 out of 3 

POn6 

point topoint 

Fault loca- decoding 
tion trap 8t analyae 18 l t  1$ 8I 

'diagnoetics 

* 120 Eliminate the um of an adder for generating an interrupt address, sqbstitute 
the prefixing technique. 

Traneietor 4 Eliminating the uee of an adder for generating an interrupt 
Saving address will result in saving approximately-transfators, 

The addition makes possible the placing of the block ofunique 
ixutructiona related to the condition causing interrupt any -

Difference of where in exiating memory, The prefixing technique reotricts 
methQd8 the paitioning of this block of uniqua instructions to anymod-

d o  of 64 words, The worst conceivable loam a program can 
be reeponsibls for I s  63 unused memory positions, A program 
which cannot substantially reduce this 10983 is not well organ -
iaed, 

A possibility worth mentioning ie that the operation may be 
speeded up if no add cycle ias required. The prefix technique 

Fa8tar calls for 12 bit8 of interrupt base addresa to be placedaloog-
Operation aide tho six bfta from the Leftmost one identifier. It ir not 

evident that this can  have any effect on reducing tho overall L. 

I time cycle, 

b' 130 Simplifying or restricting the existing definitiena of instructions can $0-

su l t  ina tramistor eavinge. 

3 
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Eliminating Borne of the modifiers applicable to specific in -
structiona, restricting the breadth of coverage of certain 

Reduce No, of instructions and/or elimination of same of the dcsirable,but 
Formato not really necessary attributes of certain instructions will y-t

permit an instruction class to fit into the format of other in-
~~~~~ 

atruction classeso It ie poasfble therefore to greatly teduce 
the number aif different inertruction formatrs resulting in the -[ 

.tEsimplification of f box gating and control, Some ideas are 
available from proposal8 0415 and 0417, 

The Transmit and Swap instruction~care powerful tools for 
general programming and greatly facilitate such operatione 
a$ 84t  up and charming for interrupt, There are t h e e  when 
a good thing can be cerried too far, One posriblc case of -) 

Tran~mitand 	 carrying a good thing too far might be the rarnificationa rperci- 
Swap 	 field for the Truromft and Swap instructione, The following 

querPtions can fegitfrnatsly be asked: 1, Is it necessary to 
permit this manipulrtion ofthalfwordo ;IsweJl.-aa>l-yrd@ ? ~~~ - 0.”-

2, h e 8  an immadhtc mode pay for itself? 3. IB the re -“- LO 

rrultant aborted format just as easy to live with? (coneidera-
tions to auto assembly and auto coding) Prerently there are 
epecifiad: Transmit; full, direct; half, immediate 	 k 

f f i  

Swap: fdk,  direct; full, immediate f 

The most obvious deviant from a uniform format is ths&pph.-
.on Indicator inswuction, Another instruction irs providedwhich +* 

serve^ exactly the same purpose - namely the Branch on Bit 
Branch Indicator , instruction. Tha largest difference between t h e m  two instruc- - i  

OS Bit tioas ie sirtc - the Indicator ie half &or& the bit is full word, -pesTwo approaches can be auggested: 1, Eliminate the indicator ’ 

instruction since the bit instruction with the numeric address 
of the indicator regifitar will provide the exact same ability 
(at the cost of one additional half ward). %2.  Not all of the ia-
dicators are important enough to have an pptional rnaek bit 

/ -
c- i ,therefore why not leusen the density of bit packing in the in- c”’ -

dicator instruction by permitting referenct only to the more LkF* 
important indicator bits thereby letting the inetruction format 
become identical to other formote,.& 

14, simplification of the hetruction set  by eliminating the more costly inetruc-
Eliminate tions c8n readt in substantid traxlsietor’savings and in many case8 donoth-
Cootly ing fa the way of reducing macbine capabititioe. (eliminate redundant or 
Xnetruc - macro instructions) 
tions 

a) 	 The effective operand address is used to fetch from memory 
an instruction that will be modified and executed, The in -
struction C O U n t w  ie not stepped for t h i e  extra instruction 
fetch. Unique rcstrictiom must be applied to the abilities of 



b w  
Executa, Inetruc-
tioa 

Execute Ueos 

b) 


+ Indirect Execute 

.. Store Addreb~8 
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of the inetruction fetched for execution it may not:.changethe -.--.--- --
instructiQp.counter contento, modffy.the indicator register, 
altar the boundary regiotarrr, effect the elapsed time clock, 
or effect the interruption address reghater, (Branch h e t r u c e  
tione cannot be txacutcd since they by definition alter the 
content8 of the instruction counter. It is a lao  quite likely 
that the Look Aberd mechanism must be ruq aut-and main -

htc-

tained in this condition while an Execute inrtruction is being 
handled, 

The Execute instruction hQ8 it's u8a in program tracing of 
other programs* It i p 1  therefore useful for program dsbug-
Ging prod analysing if a Maeter debugging or t;racj.ng program 
is available, W h a t  is the likelihood of having available a 
master debugging or tracing routine? What i~ the likelihood 
of L ~ d i v i d ~ d  Could not &debugging routines being written? 
reasonable degree of debugging be built into a Fortran type 
auto aaroemblsr withmat requiring the Execute instruction in 
the computer? No One c&n deny that the Executa6 are h t e b  
lsctuauy stirndating, but all can ask if they are useabfe, 

The effective operand address ie mod to fetch a -word. The 
value field of thir word is then used as an instruction address.-
The instruction is fetched and executed a o  in the Execute in -
struction, The value field of the word ire gepped by one or 
two (half OF full word instruction walr fetched) and the -word 
irr rsturnad to itr original position in memory. The incluerion 
of the Indirect Ebecuta instruction can  nearly be defined as 
having ene comp~t>-r>thin another, The tllllas of Indirect 
Execute are the oame as for the d e c u t e  instruction and the 
#am4 quaations can be asked regarding eubatuntiation for 
inclw ion, 

The Store Addreas instruction provides that a portion af tha 
value field of the imlidax register rpecified by J replacer the 
addrsrre portion of the instruction located by the affective 
operand addrces, The portion of the d u e  field that is trams-
farrsd depends upsn the instructiodinto which the number ie, 
placed, 

This is definitely a rnacrQoperation and eliminating this in - ' struction does not affect the ability to accomplish the function, \ 
e take more instruction apace, Is this function 

h to provide a hardware built in program? 
ue inetructions be made to auffica? !f ."'? 

oxmity of format6 be provided 10 that a 
single 8iae addrerrrr field can result, would not the Store Ad-

I 
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dress  instruction and Store Value hetruetian be identical? 

d) 	 The Rename fnrtruction has the following definition, The 
index word in the index regirter specified by J i6  storedin 
memory at the location defined by the refill field of the 
index word fa index regirter XO. The effective address 

Rename 	 (18 bite) them replaces tho refill field of index word Xo and 
a la0  spec i f ie~the.place in memory where tho newindex 
word ia obtained which replacks the index word originally 
%n the index rsgiater specified by J, 

The Rename inatruetion iar then an automatic ratoringpf, and 
psloor in of ~ Z Iindex word and its home locat-memory.ei e 4 s  not redly rn instruction, thb is hardware rrub rou- -[.
tine Its usafulnaee is based on the prsmiaie of quickly and 
+fficicn&ly modifying and preserving index quantity. The *J&fdllaqy of this reasoning is that it is  applicable to only -+-dM 
af the index registerm. (It can be used concurrently for 
slevcral index tegfatare, but it would take a highly rsophieti-
catad programmer keep thingr Btraight.) If the instruc- .-- __ 
reverted to its original or earliest definition, then the ef -
fact would be to halve the number of available index regirterr, 

Since it fa apparently more desirable not to hdve tha number 
of effective index ro#irtere, the Rename definition is now la 
restricted thst its wefulness ita minfiniaed, perhaps not even -
exiotent, 

-e) 	 The Load Indirect truction epecifies that an index word 
identified by J has it6 value field replaced by an instructiom 
address which is located by the effective opsrcurd address 
of the ori8inal instruktion, This ia  a m23~0inetruqgion and

* I_uL1 	 ---_I 

reasonably acseptible, however there arc some qualifiera 
Load Indirect 	 to the exirting definition which make one think twice, It is 

dm specified that the instruction fetched to provide the ad -
drear to replace the value field be inspected and decoded and 

- & Aif also a Load Indirect instruction tbe srmq initial operatian 
is to be repeated, Tbe implications of th is  definition are in-
creased CO8tp increased complexity, and the po~eibilitythat 
the computer could run indefinitely and not produce useable 
results unloelr epeeid precaution8 bt  taken, An interlock is 
further defined which will prevent the computer from running 
indefinitely, alro an indicator paition irr exclusively devoted 
to t h i s  one inrtruction, 

1, 	 T h i s  instruction ia reputed to be PI concerr-
aioa to Lo8 Mamas, fs f t  reamonable to pena- I ! 
lie@all future customers? 	 J 
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Instruction Set 2, 	 Ie there sufficient general purpose1 


Reduction Simplification 	 to justify the existence of th ie  
unique instruction? 

Reductions can be mads in the tranrriotor count of tbe computer by s l h i n a -
tin8 from the inotsuctfon set  h a c  instruction8 which are little used, con-
tain a degree of redundancy or provide a function thrcn can readily be repro-
duced by a combinatiok of other inrtructionr. 

! 

A whole $rQUpaf instructions can be eliminated OA the ground. 
that their 9quivaIcnt inatruction in double precision, provides 
reoulte from which can be extracted the oinglc precision re -

Floating Point sultr desired. One point that should not be ignored irr the de -
Single nirability that the time required to product the double preci - &s$4

oion r e e d t  t~J~.wuldnot be signif icanurc%t9rthan the time to 
normally produce the eingle p x a i a n  r e r d t ,  The instructions 
in this category are: iL*4*t 5 

al) F,P. MJtiply 
a2) F.F. Divide 
a3) FOP,Add Magnitude 
a4) FeP.Add , 

The Load index an re Index instructfans are justified on 
the ground6 that only a h&-f-.word - -- i s  required toper-------.--instruction 

Load-Store form the function, this even in the light that two other inatfuc-
Index tionsr &re available which a~cornpliahthe ~ a r n cthing. Thefirrt 
Direct ir the ability to Store giving the addrese of the index register. 

The rcqcond fr either the Transmit or Swap ability. (The Swap 
provides more than jwt the Load or Store, it provides both,) 
The Transmit can ey#n be faster and more powerful than the 
Load or Store index, ioeo, Load 16 be rqiarters, Using &e 
Load Ix inatruction technique; 16 inatructions = 8 to 9 inoteuc-
tion fetchers, and 16 & word fetchee, total 3: 24 fetcher. UIing 
the Tranamit tec e; 1 instruction - 1 to 2 instruction 
fetches, 1 control wd fetch, and 16 tC word fetchear, total ,&
18 fetcherr, Net difference 6 fetches, ' ff~~~-~~ 

3' &+ -$+e 

An argument can be raised about the 	dertruction of th0-
metry of the inatruction set if there inrPtructions are elimi-

Symmetry nated, The fact ir true, the oymmetry will be dcatroyed,but 
Destroyed the quethtions ehodd be asked: 'cannot this set  be related to 

tihe Immediate fadex brtruction set which is aymmttrical acdd ; 
yet does not contain either the Load or Store i n d m  Should 
the ret havs been built up, 80 that it approached a rymmetri- LJ'?' 
ca l  pattern? Theare are so many pculiarltiee in the ryctarn 
now, would it b0 burdensome to have CL non symmetrical acbt 
af instructione 3 I 
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y c r r v ~  	 Load-Store 
Refill 
Direct 

Compare 
Counts 

Cornpare Value 
Negative 
Immediate 

Intc1:change 
Augment8 

Continued 
Compare 

c) 	 Ths Load and Store Refill operatione a re  convenient, but it 
appears that their juotification for existence ir a eymmetri-
cal inrtruction get and greater potential of uat in acommer- 7 
cia1 application, (whichaopect is prerrently dcemphaeieed, I 

Other instructions are available which can be utilized to pro-
vide thils function, Among them are Load, Store and Connect. 

d) 	 The Compare Count direct and Compare Count immcdiatepro- I 

vide 	no feature that cannot be reproduced by wing other exist- )(
//ing inatructioas, Its claim for existence ira based on convqn-

icnce, it is a macro operation wboue use i s  in direct opporition 
to the philosophy of automatic detection of Count to s troo  There 
ie no subrtantiation On the baris of instruction Set symmetty, 
in fact, its existence is counter to symmetry, t 


e) 	 The Compare Value Negative immediate instruction fits into 
all the classificationa mentioned for the Compare Count, 
item d), 

f) 	 The Interchange Augment instruction6 are candidates for elim-
ination because they provide no unique abilities and can not 
only be $uplicatcd by other inatructions, but the function itoalf 
can be eliminated in many caaee j u t  by judicious organization 
of the program instruction liet ,  It ir acknow2edged that the 
coat of these inrtructionr i l e  emall, Philoeophically speaking, 
a lot of little raindrop8 can cause a flood, 

g) 	 The Continued Compare instruction was defined to facilitate 
comparisonr of fields whose precieion is greater than one, 
The recommended procedure is to compare on the high order 
and follow with a continued compare of the lower order bite 
of a field, If the high order compared anything but equal, the 
Continued Compare became a no-op, , othr,rwira it  extended 
the compare operation, A aerioue complication rriies ainqe 
the rign of a field la appended to tho low order bitr, the initial 
compare cannot include r i p  relationshipa, conwqusntly a \.\ ;?
false or Bncarract comparison can 3xusuft, The inotruction Con- ' 
tinued Cornpare ao  defined doe8 not really provide any mean6 
for facilitating cornpariron of fields wbooe lengths exceed 64 
bits, 




