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I n t r o d u c t i o n  . 1. r-IL---.--3.-LI.I 
I .  

The engineering decision to make the HARVEST Basic Computer a 
direct derivative of the parallel SIGMA Computer resulted in a higher per- 
formance aystem as well as reducing the deeign problems. A minor side- 
effect of this decision was that the SIGMA Timing Siqmlator (Refs .  Project 
7000 File Memas dated February 6 ,  March 12, April 18, May 1 9 ,  and May 
28) could be made to simulate the non-streaming operations of HARVEST 
with only minor modifications m 

Interest in having more accurate figures to describe the overall 
performance of the HARVEST Computer arose during the diacussions 
preceedlng the drafting of the formal contract with BuShips for the pur- 
chase of the HARVEST System. 

h il. meeting held with BuShips representatives at Fort Meade, 
Maryland, M a y  21 
a series of simple test problems and configurations were agreed upon. 
(Ref. Product Planning meeting report da.ted May 27). 

1958, the SIGA4.A timing simulator was described and 



FILE MEMO -2- June 3 0 ,  1958 

A preliminary report concerning the f i r s t  few runs was made in 
a letter by N. Blazensky dated June 4, 1958. 

Most of the calculations described herein were presented during 
a second meeting at Fort Meade on June 16, 1958, a few mare were mailed 
on June 19. 

Because the contract negotiations were proceeding at the aame t h e  
that these ahu la t ion  runs were being made, the mah emphasis has been 
an speed. Often we have had to omit ca8ep3 which might have helped fill 
out the curves. Also interesting little side issues which always arise in 
such studies had to be passed over in the rush to complete the main pro- 
gram. Fortunately the resultrs seem to be unambiguous enough $11) that it 
is not likely that we have overlooked any large effects. 

Brief Description of the Simulator Code 
*- 

II. 

The SIGMA Simulator as modified for HARYESI' eongists of approxi- 

The Simulator's function is to draw W m b g  cha.rtdl which show the 
mately 2200 words of 704 code and requires an 8192 word memory and 2 tape 
units. 
activity of the various components of the computer aysxem vs time dur'ing 
the running of sample programs. The actual arithmetic operations of the 
code being simulated are not performed; their effect i a  obtained by using 
standard times from a table for the individual operations. Details of the 
times assumed are given in Section IV A. 

w 

The Timing considerations and interlocks existing in the actual 
circuita are simulated logically in the code. 
would run about 1000 usec an the actual computer can be simulated in about 
five minutes on the 704 if only Summary information is printed. 

Samples of programs which 

The Simulator prints two types of listings,a detailed Timing Chart 

The latter contain& the 
for the individual units ( 6  usec worth per page) and a aztmrnary listing which 
presents; information accumulated during the run, 
following items . 

I L  The values of'the input constants (No, of Main 
Memories A rithmetic Times, etc. ) 

2. The Total Time for the run. 

=V 



FILE MEMO 

3. 

4. 

-3-  June 30, 1958 

Tho percentage of t ime each component of tho 
aysttem ha8 been running. 

The percentage of times the arithmetic unit has 
been waiting and whether i t  has b a e ~  waiting on 
data 02 inatructions, 

5, "She percentages af t i m a  there were bus confliete 
or menrory conflicts . 

Changes in the SIGMA Simulator which were necessary before doing 
the HARVEST runs were: (1 )  Bringing the bus system interlocks up to date. 
(2) Revising the I /O  aections to include both a high speed and a medium speed 
exchange each capabler of both reading and writing. 
codes for all the c a m s  run. 

(3)  Preparing the problem 

Summary of Results 

The  main reason . far doing the simple prognms such as the aeries 
of 32 adds was to get  a measure of the extra t h e  or s%verheadll which must 
be added to the arithmetic unit times because of the many pomible conflicts 
and clelaya in other parts of the system. 
the asynchronous design of the computer has really paid off. 
a few tenths of a microsecond added to the effective time for the separate 
word cases and leas than an extra memary cycle added far the cross-ward 
boundary cages. 

Ic.cII 
In - 

Actually the results as presented in 
There are only 

LL-*-cI 

Similarly the results for the effect of Input-Output running during a 
calculation were quite gratifying. 
in its m e m o r y  references thru a veritable barrage of inpuboutput references, 
well above any rates presently invisioned. 

The computer was still able to sneak 

The memory combination results show that the fast  memory pays off 
The read-out time zleema to be more important only fog short field lengths. 

than tha total cycle except for cross-word boundary cages. Extra mmory 
boxes help only for  short field cases, 

The sample programs indicate that the HARVEST Computer is about 
15 times faster than the 704 provided one i w  using 704 full word data (or 
shorter fielda stored one per word). However, if one compares HARVEST 
v0 704 with packed short field length data, a considerably larg{er speed 
advantag'e is obtained. Unfortunately this factor depends so heavily on the 
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nature of the 704 pr0gra.m that i t  is bard to state it accurately---one 
can easily get ratios from 20 to 200 in ove'rall speed. TO avoid argu- 
merit wc have stuck. to HARVEST times in this report. Other braver 
souls can discuss the relative speeds in detail. 

Compared to SIGMA, the HARVEST computer i s  simpler to 
analyze blecauea it i s  simpler (fewer meniories 1) fewer 'look-aheads), 
and aleo becauae it is more consistently arithmetic unit limited. 
i s  only at short fields 6 or 8 bits)'that the non-linear effects 80 common 
in SIGMA come into play in the HARVEST System. 

It 

JIV. Detailed Descri.ption of the 14AJRV:EST - Simulator Studies 
-Lc.cI.. 

ii 

A.  Fixed Constants used in the Simulator 
1 Machine Components 

a. Levels of laak-ahead 1, 

d. High Speed Exchange 1 
e .  Medium Speed Exchange 1 

b. Number of Fast Memories 2 
c. Number of Main Memories 2 

2. Computer Speeds 
a. 

b. VFL Arithmetic Uni t  Time, The VFLtxecution 

Indexing Time, Hnbludes instruction decoding, 
index addition, and storing the modified address. 

times were derived from the Performance formu- 
las given in a File Memo dated May 22, 1958 by 
E. Bloch 

Binary Add 

where n is the number of bits in the augend or 
addend, whichever hs larger. 

n O P T h e  
6 1 .4usec  
8 1.4 
16 1.8 
32, 2.7 
48 3 . 6  
64 4.5 

Binary Multiply 

(15 -I- .65 n) x . 15 usacs 

- 1 
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where n i s  the numeer af bits in the multiplier. 

XI OP Time 
6 8.6 wets 

8 9 . 5  
16 11.7 
32 16.2 
48 20.7 

Binary Divide 

where n is the number of bits in the dividend 
and q the number of bits In the quotient. 

n and q O P  Time 
6 10. 8 
8 131.3 
16 13.1 
32 16. 7 
48 20,7 

In all cases where n or q is divided by a number, 
the results ahodd be: rounded to the next higher 
integer, 

3. Memory Speeda 
a. Fast Memory 

Read Out Time* 0.4 usecs 
End Signal T i m e  0.4 'ULIS~CB 

Memory cycle time** 0 . 4  useca 

* (Read out time including bus time and checking 1.15 C .15 
usecs depending on when the request l a  started. ) 

..1 

** (Effective cycle t ime is 0 . 9  u8ec since the bus clocking 
permits successive references to the aame memory 
box only in multiple8 of 0 . 3  uksc'and the memory box 
must be! free at the time of the reference, not j u a t  finishing. ) 
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b. Main Memory 
Read Out Time* 0.8 uaec 
End Signal Time 1 , 7  usec 
Memory Cycle Time** 2.  Q USBC 

June 30, 1958 

*(2.15 -1- .15 ugec for aarne reamn a8 above) 
3#*(2.1 uyec far Same reamn as above) 

c. Index Care Memory 
Read Out Time 0.4 usecs 
Memory Cycle Time ’3, 8 u s e w  

The index cores are assumed tied directly to 
the M U ,  so these figures include bus t imes, 

d, Busspeeds 
Buses to and from the memorista have 0 . 2  usee slots 
available every 0.3 usec, Decode and switching time 
in central control unit i8 0. 2 U ~ J C  to 0.4 usec de- 
pending an bus slats available. 
separate buses for reading and writing. 

There are logically 

e .  Additional Delays 
There i s  usually a 8 . 1  usec delay between the com- 
pletion of any function and the beginning of the next 
one by the unit, or in the transfer from one register 
to another. 

B. Variables Studied in the Present Runs 
1. Combinations of Memories 

a, 
b. 
c. 
d, 

Data in Main Memory; Instructions in Fast Memory 
Data in Fast Memory; Xnstruction in Main Memory 
Data and Instructions in Main Memory 
Data and Instructions in Fast Memory 

2. N u m b e r  of Memories 
a. Two Fast Memorles 
b. Two Main Memories 
C. Four Main Memories 
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3. Kxchange Rates 
EL 

b. 

High Speed Exchange kead and write 
every 7.1 U S ~ C S  
Medium Speed Ex.cha>nge read and write 
every 32, 16,  8, 4, 2,, 1.5 U B ~ C I J .  

4. Initial Delay 
a. 
b. 

W i t h  Instruction in Fast Memory, 2.3 usecs 
W i t h  Instruction in Main Memory, L 7  usecs. 

5 .  W o r d  Boundary Conditl.ona 
a. 
b. 
c. 6 Bit Consecutive fields 

All fielda in separate words within boundaries 
All fields crossing word boundaries 

C. The HARYEST Computer programs studied under the 
above conditions 
1. Adds 
2. Multiplie EL 
3. Divides 
4. Load, Store (consisting of Load A ,  Load 33, Store B) 
5. Load, Add, Stores (consisting of Load A 8  Add B, Load @, Store C)  
6. Load, Add to Memory (consisting of Load, Load Add, Store) 
7. Sample Program (see  Run No. 23 data sheet) 
8. Variable Field Length Mat r ix  Multiply (Bee Run No. 25 data sheet) 

D. Result of Runa 
1. Overhead Time 

The difference between the! average time and the! arithmetic 
unit time for the Add, Multiply and Divide operations is de- 
fined atl the lloverheadlt time. Thist i s  a combination of all' 
delays outside the arithmetic unit. Overhead t ime ranges 
from a low of . 14 usecs par Add, Multiply and Divide to a 
high of 2.7 uaeca per Add, 1.90 usecs per Multiply and 1.80 
u s e c ~  per Divide. (See g r a p h s L  and k)l. The Lowest 
overhead times appear when Data i s  in Fast Memory and 
Instruction irr in Main Memory or when both are in Fast 
Memory arid when all f ie lds  lengths are in separate words. 
This i s  ala0 true for the CiBBe of.Multiply and Divide where 
Data and Instruction are in Main Memory ox Data In Main 
Memory and Instruction in Fast Memory and fields are in 
separate worda, but the Add overhead ranges up to about: 
I .  0 UBt3CB. 
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All the crossing word boundary caaes for all memory 
combinations fall in the range of from 1. 2 to 1 .95  usec except 
the shorter Adds, when Data and Instruction are in Main 
Memory,  which reacliea the upper bound of 2.7 usecs. 

2. Memory Combinations 
For the Add operations the memory combinations in order 
of faster operation time are: 
a. 
b. 
c* 
d. 

Data and Instruction in Main Memory 
Data in Main Memory, Instruction in Fast Memory 
Data and Instruction in Fast Memory 
Instruction in Main Memory, Data in Fast Memory 
h the case of separate wordls, c and d give the 
same curve. (See graph 1- ) 

For the Multiply operations a.U memory combina- 
tions produce the same curve in the case of sepa- 
rate words. (See graph -7 ) *  Li the crossing word 
boundary case the memory combinations in order 
of faster operation time are: 

1. 

2. 

Data and Instruction in Main Memory 
Data in Main Memory, Instructions in Faat Memory 
Data and Instruction in Fast Memory 
Data in Fast Memory, Instructions in Main Memory 

The same results apply to the Divide operations, 
(See graph 8 ) I 

11- 

H, Go Kolsky 

Project 7000 Project RANCHO 
Product Planning Representative 

MGK: N'JB / j cv 

cc: 7000 Product Planners 
I). W. Pendery 
R. E, Merwln 
H. A, Musacell 
Ha K. Wild 
L. E, Kanter 
J, J, Kennsy, Jr. 
J.  Cocke 

7000 Engineering Planners 
S. W, Dunwell 
Y, H, Pomerene 
Em D, Foss 
E. B1och 
Po S,, Herwftz 
J. J, Maher 
-K J@ .L&W.t388~ J-PjP, 
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