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I. htroducticnn 

1This mtmo provides an s v a l w t h  a€the Project 7000 
93aset1cemptez performance a0 derived from the use d p, 
simulation pqaram 704. As Drk' Kdsky and Cocke 
have indicated in their Sigma Simulation report@, dated Fab-
merry 6, 1958 and March 12, 1958, evaluaticm af an zrilynchrcm-
oua caxraputer performaxme require8 more complex techniques 
than would be required for a spchrcmouas mochkne. 

The llBoreo'lsimulatkm prPagrsam attqmq2te to proceea the 
rsquirernante of instruction processing and dab?^ handling on a 
time s c d s  of 0.1 microsecond srllawing the coatinuotza flow of 
infornation as expected in the actual computer. The progrdun 
as written reflect8 the machine organieratiaa philosophy af the 
period October 1957 thrvugh early 1958, In order that W i n g  / 
evaluations might be obtained by processing sample probhme ,it 
Wst? necessary to hold alterations in the program design to those 
reflecting major changes in the machine organization. In some 
cam8 this haa been made passible by aajusthg the W i n g  inter-
loc3as to -ate the effects ad current thinking. 

For the problemrp p~oces8edDit is felt that tho overall pic- 
ture is realietic but it is acknowledlpled that minor details may 
nut btnnpletely reflect current design philosophy. 
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iI Teet  Probhns 

The problems selected far testing and evaluatiorm constitute 
the same basic set aa described h the Kolaky-Cocke Memos. The 
dbcriptions are repeated hurra for c~nciseneeo. 

Mesh CaJculatSan: This is an actual hydrodynarnica preb-
lam, typifying cmputing at LQSAlamos, supplied by 
Dr. W. G. Kalaky. Xt is characterized by: 

1. 	 a large number of Floating Point operations. 
2. 	 relatively few branches ar decisions. 
3. 	 data relordancee which are mostly indexed. 
4. 	 the U64 d index registere for temporary otor-

agu in half the arithmetic operations. 

M a t e  C a r h  Calculation: Thi8 problem is a portftm d an 
achtal nesutron diffusrtam problem supplied by Dr. S.C. C~rap-
beU. It ia typicat of the class of problems reqdsing a large, 
number sf logical decisfoas and having the charsc!brietics: 

1 .  	 relatively little arithmetic. 
2. 	 many index and data controlled brancheer 
3. 	 many non-indeuced references. 

1. 	 a moderately tight h e r  loop. 
2. 	 a large number of Floating Point opr*tions,

dl indexed. 
3. 	 a relatively low number of branches. 

In sixndating Wta problem two different prugrruna were wed. 
P r o p l ~ ~UtiliSSe8 abc CUmufatiVG Mdtiply Qrder,giVbg#:! 
effective double precisien results. Program 9II uses the 
sequence Multiply, Add to Memory, giving single precision 
*sultrs. 



FIIZ MEMO -3- April 7, 1958 

Composite Test Problem: This problem wai constructed 
by Meearsr. Ziller and Heiaing of Applied Pragrasnming (w 

a etandard pmblem for comparing Cmputer8. It was con-
structed to compare effectiveness in: 

1. fixing a floating point quantity, 
2. evaluate a rrdl  plynominal using indexing. 

Of all problems run-to-date on the airnulator. This m e  may 
be said to be the most artificial. The arithmetic ratios were 
carefully set to meet "standard" conditians. 

Solution ofSimultanecrus Equatione: This problem, programmed 
by Mr. D. W. Sweeney, uses the Jordan proceea for solving aim-
ultaneoua aquatima while obtaining;the matrix inverrs. Thir was 
extrapolated to the solution of 20 shulteazleous equations. 

Double-Precidon Solutians of Simdtaneous Equations: This 
program UBBB the same method as ( 8 ) .  The set of test qua-
tbns coneidatred wa8 again a 20 x 21 eet. 

File Maintenance: The portion of this problem analysea by the 
rrijnnurator waa a loop for developing a printed line as programmed 
by Mios  E. McDonough. The loop oubotibtes blank BCD char-
acters for l a d i n g  zero8 and arranlgea the informatian in a opeci-
fiord format for mbsaquent printing from tape. Thir problem is 
charactexiesd by: 

1. a large percentage of full word VFL hattuctione. 
2. a modsrate amount of cross-boundary references. 
3. the uae of index and indicator controlled branches. 
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W e  have defined a tlStandardrreystam to include the foU<rwfng 
features: 

1. Number af Main Memories 
2. Number of hdex Registers 

2 
15 

(b) Computer Speeds 

1. Arithmetic Unit  Times Bma+- Sigma* 

* 

F l a t k g  LO& and Store 
Flsathg Add 
Flaating Multiply 
Floating Divide 
Floating Cumulative Multiply 

0 . 8  asarc 
3 .0  usec 
8 .0  USQC 

16,O uaec 
1 8 . 0  usec 

0.4 USQC 
0.7  u m c  
1 . 5  usec 
2.5 W 6 C  

2.8 uaec 

These Arithmetic unit t h s s  are thoree recommended by
Mr. So W. ISunweU in a memo February 14, 1958. 

VFL b a d ,  Add, Caunt,Staxe (1.3 f .26N)UBBC 
VFL Multiply (45 N ~ ( 1 .& 2 6 N ~ ) )U8eC 

whera N Number af bytea in data to be mixed withJ 

Accumulator contents 

NR' Number of byte8 in multiplier 

N D ~Number bytes in multiplicand 

The VFL Arithmetic t imes were estimatud by Product 
Devalapnsnt. 

2. Instructian Processhg 

Index Adder 0.6 uaec 
ECC Checking 0.6 uaec 
Parity Checking 0 . 3  usec 
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( c )  Mslnory Speeds 

1. 	 Index (core)hhnory 

Read Out Time 
Memory Cycle T h e  

2. 	 Fast Memory Timea* 

Read Out Time 0.4 umc 
End Sign& Time 0,4 usec 
Memory Cycle Time 0 .6  uscc 

* 	 The progra;M'a ability to use Fast Memory was re-
quired so that overall effects opl the system could be 
fully examined. This ability enabled us to evaluate 
Sigma, conditions with no a d d i t i d  levels of look-
ahead. Its w e  was d i n e d  to llInstructionllmemory. 

,-
I 3. 	 Main Memory Times 

Read Out Time 	 1.2 uaec 
End Signal T ine  	 1.8 UBQhC 
Memery  Cycle Tfme 2.1 usuc 

4. 	 BusSpeds 

Buses to and from the memory waits were considered 
to b v e  a 0.2 w e e  rsbt (either read or write) a d a b l e  
every 0.3 uaec. Decode and switching time in the am-
trd 	caba l  unit wa8 assumed to be 0.2 usec. 
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nr Rasults 

Each ab the proceeosed problem8, except ther File Maintenance 
problem was run w e x  a r a g s  of Arithmetic Speed8 varying from 
Standard (I  0 )  in increments of 20%. Each af West2 variaa5ains w8a 
alro Funsfor memory osnfipratio'no of 0 ,  1 and 2 Faert Memory units 
with L, 2 md 4 MBin Marnary units. 

Appendix I gives a raeries of graphs in which each problem 
is canrridered done for all vsuriatiaara, The abaciasa rep-
resent~camparfaon to the Type 704 @peedand the ordinate 
represents the variations from Standard Arithmetic Unit , 
speeds. Each curve irr labeled "dl - dzt1where dl is the 1 
xamhbcr d Fast Mcsmory Unitls considered and d2tbnumbr 
4~ i . a l nMIIfiZOry units. ape givm for 0-1, 0-2,CU~VQIP d-4 
ernd 1-1 memory systems. Curves fCbr other combbatiotne 
d Faet and Main Memory units were generally identical to 
the 1-1 cosnbhation. W h e r e  a variation occurred it wam 
plotted. 

Appendix II is a seriers d graphs ehowi~gtha speed uf'all 
problamis qmratislg with a fixed memory configuraticm. 
Again the abscissa represents compariaon to the Type 704 
speed aad the ordinate the variaticsm is Arithmetic Unit speada. 

Appendix XU graphicaJLly dwwr fhe effect d memory changarg 
for the Standard Arithmetic Unit speed. The abscissa shrvws 
the camparism ta Type 704 arpeede and the ordinate the vari-
ations in memory canfiguration. The graph is separated into 
three 8ectio~10,each rsdctiAJa representing a cwditiun of ;Fast 
Memory with three conditions erf Main Memory. 

Appendix IV is a graph ahswing the effect d memory changes 
on the problems run using Sigma Standard Arithmetic Unit 
speedswith 0 levelsof look-ahead. These curve6i may serve 
BB a lower btntnd on eo3lsideratims a€Sigma simulatians as 
given by Drs Kolarky and Cocke. 

Appendix V im a series of graphs which show the percentage 
cha;ngss k.1 the Base System speeds as increments 46 ZWi are 
applied to the m e u m  flow of tnp.rst*autput. Graphs axe[ 
given far vartaticm8 in the maximum rats af the Base Exchange 
and the High Speed Exchange separately, followed by variatiogzs 

4 
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with both Exchanges operating. Each graph shows 
percenlage change in the Mesh Cdllculatimu a p e &  
where the Arithmetic Speeds war takaus aa staadard. 
Main Memory ie dJewed to vary WIF 1, 2, and 4 
units for each conditfan examined. Xt shedd be noted 
that an attempt at rmd&an.t3eesia  addressing memory 
mi- waa achieved by starting the addresees referred 
to by the Exchanges at an odd value far the B-8 Ex-
change and am 0ven value for the High m e d  Exchange 
at the beginning of the firot eimuhtiatl run. Succeeding 
run8 continued the rquents dears %twas required to 
read in tb program becauoa Oa am faterruption. There-
fore, the confipratiion of addre~scsfor a particular 
problem is t d c n m .  
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v. 	 summary 

Several points of special interest are abservable from the 
graphs given in the Appendices. They are itemieed bdow. 

(a) 	 The Base Syatm with one Main Memory unit etanda 
dfetinct as a lower bound. The two and four Main 
M m o r y  unit system8 tend to produce a relatively 
compact grauping. At ertandard AU speedswe note 
the fallowing relationshipa. 

Mem- Mem- %incr- Mem- %incr- %incr-
Problem/ ory ory %me0-2 m y  ease 0-4 eaee 0,4 
Memory 0-1 0-2 over 0-1 0-4 over 0-1 over 0-2 
Mesh 14.7 16.2 10.2 16.6 12.9 2. 5 
M m t e  Carlo 13.4 14.1 5,3 1 4 . 1  5 . 3  0 .0  
Westingho~tseI 15.4 16.4 6.5 16.4  6 . 5  0 . 0  
Westinghauae x 1 8 . 6  19.2 3.3 19.5 4 .9  1.5 
Teat 16.9 18.7  10.8 18.7 10. a 0.0 
Sim. Equ. 14.4 15.3 6.2 15.9 10.5 -3.9 

Ave em Ave.8.5Ave.l. 3 

This table indictrtes that at Standard Arithmetic Unit 
speeds we get an average of 7.1% increasehparfQm-
ance when going framra 1 to 2 Main Memory 8yStem while 
we get only an average of 8.5% increase in prformcmce 
when going from a 1 to 4 Main Mtrnory system. However, 
in g h g  from a 2 to 4 Main Memory raystem we note only 
an average of 1.370 increase in performance, 

(b) In general it was found that 1 Faat Memory, used for in-
structions only, coupled with 1 Main Memory produced 
the upper limit cm operating times for all Arithmetic Unit 
speeds and all problems. Other combinatians of Faet and 
Main Memory units gave results which were identical to 
the 111-111curve drawn. 

Two problems show& changes from this pattern and the 
appropriate curves are ahawn. These problem8 were 
the Mesh problem and the Teot problem. 
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For the Mtrsh problem we have 1 Faat Memory and 1 , 2  
or 4 Main Memories producing resultsfor the curve litbeled 
lll-lll. W i t h  2 Fast Memories and 1,2 or 4 Main Memories  
we have the curve labeled "2-l1I. 

For the Test Problem 1 or 2 Faclt Memories coupled with 1 
Main Memory produced results for the curve labeled f l l- l lt .  
W i t h  1 or 2 Fast Memories and 2 or 4 Main Memoriee we 
have the curve labeled It1-211. 

This wauld indicate that the use of Fast Memory withmat any 
loak-ahead facilities rapidly leads to a m p u t e r  and/or in-
struction process limit state i . e . ,  that the Central Proceeeing 
Unit dominates the computer. 

The increase in performance of 1 Fast Memory unit 6y8tem 
coupled with MaSn Memory ia shown below. Fzwt Memory W(LB 

used for inetructiona d y  in theacs runa. 

Mem- Mam- Mem- Qloincrc %hincr-
ofy *=Y =Y ease ease 

Problem 0- 1 0-2 i - 1  over 0-1 over 0-2 
Mesh 14.7 16, 2 1 8 . 3  24.7 13.1 
Monte Carla 1 3 . 4  14.1 15,9 18 .7  13.1 
Westingbmee I 15.4 16.4 16.8 9.2 2.5 
W e s l t i n g h e  18.6 19.2 19.6 5.3 2.3 
Test 16.9 18.7 19.0 It. 4 1 . 7  
Sim. Equ. 14.4 i5.3 116.4 -13.9 6.2  

I 

a 

w e .  14.070a v e r 2  

( c )  	 These graphs further indicate a fairly general increase in 
performance with dcrtcrtasbg arPthtn%tlcopaede. If we 
consider a 2 Main Memory unit system ZLO standard than 
the following table resulte. 

AU AU 	 AU incr-% incr- $fi 
Speed Speed eaae Speed aaae 

Problem a d .  . 8  Std. overStd. .6  Std,, wer Std. 
'Mesh 16.2 18.2 12.2 20.6 27.1 
M a t e  Carlo 14.1 1s. 0 7. L 15.7 . 11.3 
Westinghouse 1 16.4 ' 19.1 16-3 22. 8 3 9 . 0  
Westinghoarse II 19 .2  21.9 14. I 25.4 32.3 
Test 18.7 21.2 13.4 24.1 29.0 
Sim.Equ. ' 15.3 17.0 11,l 18.9  23.3 

ave. 'iXTj% ave. -273% 
The values under AU Speed are relative performance against 
the 704. 



FILE MEMO 	 -10- April 7, 1958 
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d. 	 W i t h  the information noted in the last two tables an 
examination of the results obtained by using reduced 
Arithmetic Unit speed8 Ln calculatfon and one unit od 
Fast Memory for instructions may be of interest. Such 
a table ie given belaw. Here we consider the increaser 
from 0-1 and 0-2 memory confipratiuns operating at 
standard Arithmetic Unit speeds to a 1-1 memory con-

and . 6  of Arithmetic Unit standard. 

AU AU . 8 A U  % incr- %incr-
Std. Std. Std. ease ewe 

Problem 0- 1 0- 2 1-1 over 0-1 over 0-2 
M e d l  14.7 16.2 20.9 42.3 29.0 
Monte Car10 13.4 14.1 17.2 28.5 22.0 
Wse#nghoueeI 
Westinghouse II 

15.4 
18.6 

16.4 
19.2 

19.0 
22.7 

28.5 
22.1 

20.7 
18.2 

Test 16.9 18.7 21.6 27.7 15.5 
*Sim. Equ. 14.4 15.3 18.3 27.0 19.5 

avt. 5%im'ZTji 

AU AU .6 AU Zinc& %incr-
Std. Std. Speed eaee 8808 

Problem 0- 1 0- 2 1-1 over 0-1 over 0-2 
Me8h 14.7 16. 2 24.1 64.0 48.5 
Monte Carlo 13,4 14.1 18.6 38. 7 32.0 
WaStkrghOU8e I 15.4 16.4 24.0 56.0 46 .3  
Westinghouse If 18.6 19.2 26.9 44.5 40.0 
Test 16.9 18.7 24.0 46,'p 32.5 
Sim. Equ. 14.4 15.3 20,8 -44.5 36.0 

_I_

ave.49.2 arve.39.2 

All figures under Arithmetic Standard average performlraca 
relative to the 704. 

We 80e froan this that the Base System irr definitely improved 
by the use of Fast Memory. If further adjuebnente c d d  reduce 
tihe Floating Point Arithmetic Speed# the Bast System could 
increase ite performance range from (14 to 19.5)  timee 704 
upward to (18.5 to 27) times 704. 

standardUnitArithmeticof8 ., atoperatingfiguration 
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kr the c ~ ~ ~ ob theoLARC and Boee ayottrne its n 
is interesting to note the faUuwing Wale- The times 
given for Bama are those developed from a 0.2 memory 
coerfiguratisn operating at standard Arithmetic Unit 
qmede. The loyetern id ecpatianB solved was a 20 x 21 
Sy8tm. 

Base / LARC 
Single: 
D<wble 

223.110 m6 
667.332mar 

300.48 ma 
710.40 m s  

From the c u m 8  we note that d y  for the 1 Main Mmnory 
case does the Base system fall slightly below LARC in 
performance d double-precisian. 

The comparison ofLARC with Base operating at Sigma 
Standard Arithmetic Unit speeds but 110 Fast Memory or 
t%mk-ahead" may be of htstest. 

Single
b-ble 2.01 2.36 2.43 

File Maintenance - Two sections of this problem were 
actually processed through the eimulatcm. One s e a o n  
dealing with the editing of a print line to develop a sped-
fied format stands a t  a8 a general problem 04 p a x t k u b x  
interest. 

The table given here shclwe a direct comparison d the 
705-3, 709 and Baee systema under two canditkms. First-
relative ~ B S I Z F ~ Sof the compute time for the three systems 
is showslwithgut consideratian of inpt-outpult. Najrt-relative 
measures af the three eysteme is given in which the Base sye-
tern ha@ 4 - 729-3 hpl'aperating concurrently, the 709 has 
2 - 729-1 t a p e  operating ~ e b n ~ t t ~ ~ ~ ~ t l yand the 705-3 has 1 -
729-1 and 1 - 729-3 tapes opuratlng concurrently. Hart  we 
are showing the change in the rewive speeds due to 1 / 0  use 
ob bus and memory units during the computer processing t h e  
for the print editing process. 
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Base System Main withullt I/ 0 With I10 
Memory Units 705-3 709 705-3 709 

1 9 . 4  8.7 10.3 a. 8 
2 1 0 . 4  9 . 7  11.8 1 0 , O  
4 11.1 10 .3  l Z 6  l o , ?  

The total computing time for thie problem on the Base 
qstam was extrapolated fracn the poxtlonr, run, The 
msulte given belaw indicate the refative processing capa-
bilities af the three syetsms. Xt should be borne in mind, 
however, that actually all three rayiartemo are tape limited. 
A complete analysis of the conditions of thia preblern Bas 
been given in Technical Report #9 and an Application Study 
dated 3/18/58 in the Project 7000 file. Bath reports were 
prepared by M i s s  E.McDmough. 

Baas System Main without x/o W i t h  I/O 
Memory Units 705-3 709 705-3 709 

1 14,2 13.2 16.1 13.7 
2 16.1 14.9 18.4 15 .7  
4 i7.2 16.0 19.9 17.0 

The, Wtal processing time for the three systems showing the 
full effect at the torpe limited condition is: # 

Total 
time us. Relativeqig5 -ryg?J-- 5 .  7 

709 317s 9 . 3  
Base 340 1.0 

Th0 table below is given to prwidds an indicaticvn of the dfccte 
db a practical Input-Output operation an the aperattag speed 
of the Baae central processing unit. 

% Increase in Runnizlg 
Main M m a r y  Units Time for Print Edit 

1 +3.0% 
2 +1*2% 
4 +o. 8% 
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EWC/jcv 

Evaluation of the infomatian produced by these Bass 
syetem simulation runs indicates a system whose usage 
af variow campmmnt elements i 0  relatfvdy well balanced. 
The ttStaa&ard91system in'dictates that the machine organiz-
ation simutated wil l  operate from 14 to 19.5 timer faster 
than the 704 for the technical problems considered. For a 
class of problems givfng heavy use to the VFL instruettonlr 
we find a relative increase d 13 to 16 timteo the 709. 

The limited programming experience obtained through the 
writing of programs for rsimdation nmpl indicates that the 
instruction set baa sufficientpower and flexibility lamake 
the choice of a particular instruction an important elenrent 
Qf programming. Detailed knawledge of the internal pzocews-
b g  Vraticma will be more useful to the progxarmner who 
attempts fo -&it the sysrtenr to the M e s t ,  thikn with any 
system previoPlsly developed. 

As indicated in the summary, the system comtains sufficient 
latent power in its orgmieation tomab posaible 815 upgrading 
of performance should consideration a€other eyatesme in the 
produet line or competftiva raysterne make thia requirement 
feiaerible. 
One now of caution - The print line editing podan at the 
File Maintenance problem indicates that large volurne data 
translatiem and/or prcparatjtaa may prove a eerioue drag 
on tbe syrtem. Here pcsrfo-cs drope to Osppraximately 
9-10 limes 709. Thia may be quiw important in cuneidering 
problems to be processed by the S f p a  or Harvest Systratnns. 
Further studies will  be ceslduGted on related problems of 
%n-Iinelt card reading, card punching and printing. 

Edward W. C o t f f g  
Prodact Planning Repreeentative 
Project 7000 
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