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Project 7000 (STRETCH) M h f n u r n  Performance Criteria 

I. General 
I 


A. The STRETCH Computer System will provide a computing and 
data processing facility of tremendous power and veraitility. fn 
addition to i t s  epeed, the eystem being made of solid ertate components 
and containing a conafderable amount of error detection and correction 
circuitry should also set a new record for reliability and maintaha-
bilfty. 

B. To set  standards far minimum performance criteria, we muat 

asamhe some of the uaes presently envisioned for the STRETCH 

system and estimate their demands upon the equipment. 


The systems consaidered are: 

(1) The Senior Scientific Computing System. 

This system, typified by the AEC Loa Alamos computer, 
needs the full power of internal computing s p e d .  The high 
speed disk files will be uaed extensively. The damgnds on other 
110 are not great in volume but reliability is important. The 
system will eventually be used 24 hours a day. Muuh of the 
evening and night shift operation ie expected to bet unattended 
operation. Occasional isolated machine errom cawing auto-
matic problem restarts are nQt6erious. 

(2) As part of the Harvest System 

The STRETCH computer serves as an integral part of the 
Harvest Syetem, which is essentially a high speed drata proceseor. 
Since Harvest cannot operata unlees the computer i a  operable, its 
reliability is of direct concern to the Harvest Syrtrm. The system 
will be operated continuouely on a 24 hour a day basis with huge 
amounts of I/O activity. Occasional isolated machine errore are 
not considered serioua i€ the system ia not etopped. 

( 3 )  Real Time Analysis and Control System 

In this type of application the computer is only one part of 
a larger eystem. The requirements are in terms o€large amounts 
of computation during relatively short intervals under outeide con-
trol. Availability (hence reliability) is extremely impurtant in such 
operation. The real time data is presented once only and must be 
acted upon with little delay. Occasional isolated erlrors can be toler-
ated if they are recognizabie and do not atop the computer. 
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(4) Commercial Data Processing System 

The requirements for such systems is mora on reliability 
than on speed, although rerun prscedures can make occasional 
errors less scarious. Commercial systems will tend to have a 
emdler number of memory units and more tapes. 

C .  Becauee of the variation in number and type of units whigh can 
make up et STRETCH syBtem, it i s  difficult to give a akglc set of 
performance criteria which would held for all combinations. The 
probability of the syetem milkhg an error is redly the 8um of the 
probabilities crf the individual units making error 8 independently, 
plus possible interaction errors. Ln practice, failuree af certain 
units will completely step the computer, while failures af other 
components will make only a minor inconvenience and not disable 
the eyetern at all. 

* 

In arriving at the following criteria, we have separated the 
r n e u h n i d  devices, which tend to be less reliable, fran the rest 
of the syrstem. The aasrumptfon is that there wfll be stand-by I/O 
units Ln those applications where mechanical failures might be criti-
cal. 

]in the following, a ''machinestup" ie defined as a machhe faflure 
which cannot be automatically corrected either by built-in ECC equip-
ment or by simply programmed restart procedurce. 

II. Time Criteria for STRETCH System (axcluding certain 110 devices-
lieted in the next secticm) 

A typical STRETCH Syetem ahould meet the fullswing requirements 
baaed on a tatal time T = 168 house par week on three B h L f t ,  mven day 
per week operation. The follrrwing are for the AEC Systrm. 

A. Productive Time 

The syetem should run at rated speed 160 hours af the I68 hours 
per week operation (95%). 
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8.  Operator Service T h e  

This t h e  will depend considerably on the ~ ~ a t a n z e r ~ aproblem6 

and method of operatten, so) it w i l l  not be considered as a criteria 

for the STRETCH Syetem. It Is understood, however, that the deaign 

is in the direction of keep$ng the amount of nareessary oj?+ratorservice 

aar low a@ porasibla. 


Maximum Unarcheduled Maintenance DelayC 

The average length of an unecheduled serdcs d l @beuldbe 15 

minutes. An unscheduled mdntenance delay of more than two hours 

would then ba 10unlikely (lese than .04q(e) that it may be callad I 

maXirnum delay provided Customer Engineering ~servicoland parta 

art immediately available. 


D. Mean Unscheduled Maintenance Free Time: 

There should be an average of 45 hours between rresvfce call8 

rasuJting from a machine stop (i.e. , a non-correctisle, icataetrophic 

failure). 


E. Minimum Unscheduled-~a;i~tenance-FreeTime 

There ehould be a 90% prebability of the STRETCH Syartern running 

24 hours wfth no mcwe than m e  psriod of unschedulsd maintananca, re-

eulting from a machine atop. (This is equivalent to a 58% probability 

of no such periods in 24 hours. ) 


e 

F. Maximurn Individual Sche$lulad-Maintanance Delay 
I 

There ehould be one reeuJarlyscheduled maintenance period per 7 
Czay week of 3-shift. operation with a duration of 6 to 8 hours. (Two periods 
of 3 to 4 houre each may be sybrrrtltuted.) 

Tho STRETCH System should regularly run 160 houaer between 

regularly scheduled mafnter;ra;ncaperiods cm 3-ahift 7 day per wsek 

operatipn. (or 80 houra if two rhortar pcriadr are used. ) 
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H. Idle TimeL 

The number of hours that the machine is in good operating condition 
but not being used is largely a function of the cu~~torner%operating pro-
cedure. It is expected that STRETCH Systems will  be operated so as to 
make Idle Time a8 nearly zero as possible. (This i s  considering time 
during which the syetem i a  standing by as useful time even though no 
calculation8 may be proceeding at the moment. 

I. Restart Time 

The details of restart procedures and the times required depend 
critically on the problems being run and the I/O equipment available. 
Thie must be $studied for each system as a particular case. In any 
event it should be no more than about 1 / 2  hour per 168 hair week. 

J. Customer Machine Availability Time 

Thia can be considered 88  the aame 160 hours per week mentioned 
in Section A ,  since the times mentioned for Operator Service T h e ,  Re -
atart Time, and Idle Time are all considered essentially zero. 

For a single shift operation (173 hours per month) the equivalent 
time is considered to be 156 hours per month. 

K. Total Permissible Customer Engineering Time 

The total Customer Engineering time for scheduled and unscheduled 
maintenance should not exceed the 8 hours per week given in Section F. 
Appendix II lists eatimates of the Permissible Customer zngineering 
T h e  in man hours for most of the individual units being considered for 
the AEC STRETCH System. Other combinationa may be built up from 
the individual unit figure8 .  

t 

The times listed in Appendix If are on the baeis of single shift 
operation T 173 hours per month. They represent *'PraductiveTime" 
on the machines only; that is, they do not include necessary paper work, 
etc. They do include both on-line and off-line maintesnanae. 

III Permiseible Error Criteria 

The number of uncorrectible errors allowable frorn the components 
under the above performance criteria are discussed in Appendix I. 

c 
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The following units are those for which figures are available now. 
Others, such as the Disk Unit will be added when they become avail-
able. 

1. Card Punch and Adapter Control Unit 

T 173 hours per month, single shift 

A. Productive Time 
33. Operator Service Time 
C.Max.Unscheduled-Maintenance Delay 
D. Mean Unscheduled-Maintenance Free T h e  
E. Mb. Unscheduled-Maintenance Free T i m e  
F. Max. Individual Scheduled Maintenance Delay 
G.  Mean Scheduled-Maintenance Free Time 
H.  Idle Time 
I. Reastart T h e  
J. Customer Machine availability time 
K.  Total Permissible C,E,T h e  {estimate) 
L.Permissible Error Criteria 

(1) Freq. of detailed errors 
(2) Freq. of undetected errors-Non checked functions 
(3)  Freq. of undetected errors-checked functions 

151.  hours 
1 1 .  houre 
5 . 0  hours 

LOO. houra 
40. houre 
5. houre 


346. houra 
not applicable 
not applicable 
162. hours 
see Appendix II 

3 per 40 hours 
1 per 346 hours 
1 per 1038 hours 
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2 .  Card Reader and Adapter Control Unit 

T = 173 b u r s  per month, single shift. 

A. Productive Time 
BeOperator Service Time 
C Maximum Unscheduled Maintenance Delay 
D.Mean Unscheduled-Maintenance Free Time 6 

E.Min. Unscheduled-Maint. Free Time 
F.Max. Individual Scheduled Maint. Delay 
G .  Mean Scheduled Maintenance Free Time 
H. Idle Time 
I. Resbrt  Time 
J. Customer Machine Availability Time 
K.Total Permiesible Customer Engineering Time 
L.Permbaible Error Criteria 

(1) Freq. of detected errors 
(2) Freq. of undetected errora-nm checked functiona 
(3)  Freq. of undetected errors-checked functions 

151. hours 
11. hour@ 
5 . 0  hours 
200. hours 


40. hours 
5. hours 

356. hours 

not applicable 
not applicable 
162. hours 
tsee Appcndh II 

2 per 40 houre 
1 per 346 hours 
1 per 1038 hours 
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3. Chain Printer and Adapter Control Unit 

T. = 173 hours per month, single shift 

*A. PrBductive Time 
*B.Operator Service Time 

C .  Max. Unscheduled-Mafiitenance Delay 
D. Mean Un8cheduled-Maintence Free Time 
*E.Min. Unscheduled-Maint. Free Time 
F.Max. Individual Scheduled Maintenance Delay 
G.Mean Scheduled Maintenance Free Time 
H.Idle T h e  
I. Restart Time 

*J. Cuetorner Machine Availability Time 
K.Total Permissible Customer Engineering Time 

It. Permissible Error  Criteria 


( I )  Fseq. of detected errors 
(2) Freq. of undetected error -non checked functions 
(3)  Freq. of undetected errore-checked functions 

Wnoff icial estirnates 

145. houre 
11. hours 

6 . 0 hours 
80. hours 

40. houra 

6 .  hours 
80.  hours 

not applicable 
not applicable 
156. hours 

17. hours 


1 per 40 houra 
1 per 100 hours 
1 per 1500 hours 



4. 729 Tapes and Tape Control Units 

A .  Production Time 
B. Operator's Service Time 
C. Max. Unscheduled Maint. Delay 
D. Mean Unacheduled M a h  Free Time 
E. Min. Unscheduled Maint. Free Time 
F. Max. Ind. Sched. Mallnt. Delay 
G. Mean Sched. Maint. Free T h e  
H. Idle Time 
I. Restart Time 
J. Gust. Machine Avail. Time 
K. Total Previous C . E .  Time 
L. Pesmiasible Error Criteria 

(1) Frequency Error Criteria 

3. 2 hour@ 
66 .6  burs 

(not given) 

4 . 0  h once 3 mu. 
8 . 0  hour8 

}Not applicable 

166.4 hr/173 hs. 
6.6 hr/173 


3.2 houre 

6 6 . 6  hours 
(notgiven) 
4 . 0  1.1 once 3 mo. 
8.0 hours 


Not applicable 
165.5/173 
7 . 5  hr/173 

(2) Freq. of undetected errors-non checked 6 
(3)  Freq. of undetected errors- checked Q 

* 95% probability of making 1500 reference8 daily to a system tape holding 25-
2000 character records without a read error. Error is defined a s  an error 
which pereists through 3 succeesive attempts to read the same record. 



APPENDIX I 	 Component Re1iability 

The reliability required for the STRETCH Syetem ?it$ a whole h a g  
a direct implication upon the reliability of the individual coxhpanents used 
in the construction of the computer. The following calculations are an 
attempt to derive this general figure of reliability for the components in 
a straight-forward manner. 

The 	following aseumptiens have been made: 

1. 	 The system includes slr two microsecond wemoriegl. 

2. 	 The only contacts that will enter into the reliability a€the sys-

tem will be card contacts and that these will ani> contribute to 

catastrophic failures. 


3. 	 That a 90% probability exists of having no more than one un-

correctable error for each 24 hours of operation. 


4. 	 That one eight hour period of preventive maintenance be eched-
uled per week. (two four hour periods may be substituted. ) 

5. 	 That 12 detected faults can be repaired during the eight hour pse-
ventfve maintenance period. 

t 

6 .  	 That one degradation failure out of each one hundred is caused by 
a passive component. 

\, 

7.
/. 

All bgradatlbn - failures will be detected during this preventivkI' 

maintenance period through use of marginal chackinig procedurd?.
/' 

V/
/ 

8. That all contacts on each rsocket are used. .b 
? 
? 

9. That the cataatrophic failure rates f o x  all components are the same. 
\ 

The 	following counts were taken from recent eatirnates: 
\ z 


1. 	 Card Count 

3,000 double cards in the computer 

2,088 single cards in the memory 

800 driver card6 for a memory 

18,000 single cards in the computer and axchange 


2. 	 Transistor Count 
Average number of transistors per cards are: 

21 transistors per double card 
4. 25 	transiators per single card 



6 transistors per driver card 

63 ,000 
129,744 

28,800 
221,544 

3. Passive Component Count 
Average nurnbera of passive components par card are: 

68 passive components per double card 
17 passive components pes single card 
18 paglsive components per driver card 

4. 	 Card Contact Count 

(35,328)(16) 565,248 

( 3 J 0a0)(32) 9 6 , 0 0 0 


661,24B 


Summary of Component Counts -
L Transistor Count - 221,544 

Pasgive Component Count a a09,376 
I 

I
Card Contact Count 	 661j 248I 

1 , 4 9 2 , 1 6 8  

The probability for  no more thanme failure may be c;liludated from 
PoinrsonJsexponential formula: 

T 	 T 


where T, maan t h e  to failure 

T 1 time elapeed for the failure caunt 
P = probability of having no mare than one failure 

during the period T. 
If we take for catastrophic failures: 

T 24 hours 

P 90% 
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-T 
wefind T, = 0.532 

# Faifures/lOOO houre - 1000 22.2-

45.0  

Failure rate/lOQO hours = -# failurea/IOOO hours 
# components 

8 22.2 1 3 , Z X  10-6f 

1.69 x fob 
: 00132%/ 1000 h ~ r a  

The degradation failure rate is calculated as fdlaws: 

No. Faflure8 = 12 

P = 90% 

T = 168 hours 


From Poirr8on diatrfbution cumulative probability curves, the 
probability of no more than 12 errors occuring i a  90% when: 

SO T, = 19.8  hours 1000 

Failure rate/1000 hours = # faUures/lOOO burr, 

# components 


# Components total # transiatars + total # passive component8 
100 

The total failure rate permieeible due to any type of failure in a tranairtor 
ie the @urn of the cataetrophic and degradation rates: 

001370 + .022% = .0233o/b/lOOO hour8 

It will be noted that the degradation failure rate is the major allowable 
cauee for failure in this total failure rate. 



APPENDIX 11. AEC STRE:TCH SYSTEM 
TOTAL PERMISSIBLE CUSTOMER 

ENGINEERING TIME 

T = 173 hours per month, I shift 

Totot1 01 - 19 
Unit- Quantity Man houra/month 

SIGMA CPU & Basic Exchange 
2 usec memory 

, 1 
6 

L 

11’3.4 
44.8 

Tape Adapter and Control Unit 2 9 . 4  

Card Reader Adapter 
729 N Tape Drive 

1 
4 

3.2 
16. 0 

Card Reader (1000 cpmf 1 3.0 
Printer Control Unit 1 3.6 
Printer (600 Ipm) 1 8.2 
Punch Control Unit 1 2. 7 
Punch 1 2 .  9 
Typewriter, Console & Adapter 1 4 . 0  
Event Recorder 2 4 . 2  
High Speed Exchange dr Disk Control Uni t  1 1 5 . 1  
Diek File 1 7.7 
Memory Maintenance Console I 2. 3 

I 
/ 

T ~ b l  246. ? houssjmonth 




