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1-1 
:.c~CM:TEC1u";'AL O!OJECTIVES 

7b/05/10 
.A'::·:r;lrE(:i:;"~~ JESIGN AND CONTROL 

inese. Arc>' i tect ur8 I Db J ect 1 ves are t,he Advanced 
19Oor~~crY·s fQr~31 reS pense to Requlrements and 
esT~=lisn~d:y NC5 an~ CDC ler ,an Integrated Product Line. 

Systems 
Goals 

For purr.oc;es ,of tecnnlcal orogram deflnltlon, this document 
~i' 1 reclace tn2 NC~/C~C ReQulr~ment5 and Goals, whIch re~alns qn 
nLstorlc record for arr.ollflcatLon. . 

T~e ~a;or ~.s!~n objectives Influ~nclng the Integrated Product 
Li"e II?!..) ere' Ils~ec oelol1 In relatIve prIority order: 

SPAN ~F P~OJLCT CFFERING 
~ELl~aI~IJY/AVAILAelLITY/StRVICEABILITY 

!"!::~:::l..i!J~4 

F2Cl£crlC~/SECU~!TY 

3IJSA~~ ST~UCT~RE 

• talance a~ong these ge~eral Ob)ectlves must be maintained. 
so high ~riorlty factor Is TO be alJowed to co~promlse a lower 
f=cto~ celo" acce~raple levels defined eisewhere In this anc 
s~~~~sscr accu~~nts. 

~.2.1 SP~N CF PRODUCT OFFERING 

Tne haroh3re/soltware system wIll span'a lar~e range (S50iOOO 
HL3 and up) of conflsurations, processIng power, and applIcatIon 
uses. 

ORAFi NCR/CDC PRI VATE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
15 
17 
16 
lo9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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1-2 
IPL ARCHIT ECTURAL OEJECTIVES 

1&/US/1C 
ASL ARCHIT ECTURAL DESIGN AND CCII:TROL 

1.0 INT~DUUCTION 
1.2.1.1 Applications 
-------------------------------------------------~-----------~------

IFL Is to be cost/perfor~ance· effective In su=oort cf 
tl~e~haring, trarsactlon, local ard re~c~e catch ~oc~s ~f 
business (1nd sCientific appl1.catlons. 

IPL Is to be compatible across the rarige aT th~ I~vcl ?' 
source language, data formats, r~ccroing ~~cio an1 the ls~r 
Interface. Instruction set corrpctlbi Ilty i::i ~esira:::le ~:n .• t nc": 
manoo"tory. (Se~ SE=ctlQn :".1) re;}tu("'!' ana c~::>;~l!ity s·.:t:set~!.~; 

may be practiced for certaIn sysr~m configuration~. 

To red\.Jce dt:vel cpmen~t, manufacturing and rtaintenance costs 
common elements are ~o be US~d across this line a~o fro~ p~~e~~··s 

predecessor lines. For exo~DI~: 

- Software product set 
8d~lc operating SYSTeM 

- I/O SUosyst~m, channels and controllers 
- Ferl~her~t devIces 
- Halnt~narlce svbsysterrs 
- ~~plementatlon language 

A major confl9uratlo~ design parameter is ~lnJmu~ life cycle 
cost. 

An incremental procresslon in processing OOrle~T sy~te= 
throughput and system- cacability Is to oe achleveC ~~r~usM 
emphasis on hardware/software conflgurability, spec!alizec 
scheduling algorithms and selective addition/celetlon of soft~ar~ 
features. 

A broao range of apclicability for the ·hardriare/sof~~are 
products Is to be ass~red throush s~eclflcatlon an~ cse cf 
engineering standards, soft~are corventlons and imple~entatlcr. 

URAFT 
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7&/05/10 ' 

1.0 I:4r~CJ~C!ION 
1.2.1.5 I~cter~ntQtlcn Control 

!:>ols. 

1.2.2 g~LIAErL~rY/~VAILAB!~ITY/SERVICEAeILITY (RASI 

It Is re~uired to caxlclze time between. Interruptions, to 
conti~u~ OOEr~tion~ In degrod~~ mode ~nd to mInImize reoalr 
tj~~/cost. cn~hcsis wll I be placed on hardware assIsts to RAS 
Qn1 sott"Cr~ checkir.s o~a recovery feature~. Hardware redundancy 
~!fl be suo~or1e~ and may be reQuired where RAS consIderations 

1.Z.3c !';SAE'ILIT'f 

!PL R111 e~ohasize usability by t~e end user; application use~ 
or .~rc;rat:l.:1er .• 

F:r tn", a~ol icaf Ion user-, ecotiasls will be on the Interlace 
:~'".Mn t~u sysr~~ an~ the user; defaults will be keot simple, 
C3nS!S1€~t, ~na t~~orlQI wher~ r.ecessary. 

Far rho oragraBse~, the emphasis will be on minimizing t~e 
to:3J 1i~e c~tw~er the coding and the correct execution of 
.=roira~s written l~ COBOL, FORT~AN and other languages. T~!s 
trti! I. r~cul.re' 

A ~ala~c~ b~t~een com~llatlon 
c,rll~,ze both co~ollat~or 

C-:J=~ 1 J at ic:"s. 

speed 
tIme 

and· 
and 

diagnostIcs 
the number 

to 
of 

ft c=~Qolli;y 10 ~ini~ize the tl~e to execute a single 
source tansuage sta~ement. 

Execution tl~e suppert to monitor execution to aid 
je~~ssln9 and re-l~pleme~tatlon fo~ Improved performance. 

E~~h2Sls ~lli. be on rsmote access to the computing fa~llity. 
S~c~ aC~~$S ~1' J erccurage the dev~lopment of aoolicatlor.s 
~~~~~3n r~~ote ~atcn ~nd ti~es~Grlng ter~lnaJs and encourase the 
~5~ of r~a facility for t~a~sactlon and tImesharIng 
a;;'lcario~s. ?rogra~ interface to tha syste~ wIll be compatlbl~ 
r~3cicless of th~ ~OGe of access; tlmesharin9, transaction, batch 
or r~~ote joc entry. 
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7&/QS/l C 
ASL ARCHITECTUkAL DESIGN AND CONTROL 
--------------------------------------~----------------------------_. 
1.0 INT~OU~CTION 
1.2.4 MIGRATION 
--------------------------------------------------~----------~------

1.2.4 MIGRATION 

IPL Is to suppert user f~ansltion fro~ ~C~'s :E~TURY anc 
CRITERION ar.d CUC's 3000L ar.d CYSER Il~2s to t~e ex~"~t :~ct 
mlgrDtion to IPL ~1)1 b~ less costly and ~cre ~esir3=le (~~S, 
usabi lity,. protection, storage SiructIJr"'e) tnan con ..... erting to a~y 
other manufacturers product tIne. 

1.2.5 PROTE~TION/SECURITY 

IPL Is to supply a basIc levei of haro~are/soft~are oro1~c~!c~ 
which greatly exceeds predecessor machln~ lInes. So~~lsflcatec 
securl"ty ana chdcklng features are to be fu~nish~a as o~tlors. 

1.2.c STORAGE SIRUCTURE 
" 

A storage structurlrg concept. vl,.tual o:e~ory, will 
utilized by IPL to me~t the folJowlns procucl line oal~ctl~es: 

t:E; 

Protection as noted abo~e. 
Con~lstent ~andgem~nt t~chnlaues for physIcal ~e~~rles as 
their size grows over tocay·~ me~ories. 
Sup'porT for !;toraSe hierarchi~s and· 1.r.::ll ielt 1/= is 
~echnology al lows. 
Improvemdnt In operating syst~m In~e9rlty. 
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I?L ~~C~IT~CTUF.~L 08JECTIVES 
76/03/10' 

~SL !~~~lrECIU~AL OtSrGN AND ceNTROl ------.-----..;.---;-------_...:.-------------------------------------------
z. C ~~F::_..?=.~iCES 

---------------------------------------------------_ .. --------------"--

:.) t;C",/CDC Int~grated Prccvct Line ~!Llr""'!ln!..s_JW1-l&~l!i; Jvne 
2~~ :'975'. 

2) invl~cn0ents ~nd Horklcaos Specification; June 13, 1975, 
ASt..oi.;215. 

3! ",ella"l 'Hy 19s_t. Ex~onentlal Olstribvtlon (MIL-STD 781Bl; 

H/1S/Eo? 

4) Pc:.oer on nAval 1 abi 11 ty". Py P. G. Doran, 12/26/73. 
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ASL ARCHITECTURAL DESIGN A~D CCNTROL 

3.0 CHARACTERISTIC~ AND FEATURES 

------------------------------------------------------------~-------

3.1.1 HARUWAR~ CONFIGURATIONS 

Terms to refa~ence hareware elements: 

Hainfrar.1e = orocessor(s) + main rne~ory 

Mainframe system = M2Infra~e + IIO Su~sy~te~(s) 

Processor Pn 

Ma in memory = Hn 

Malnfrome system = Sn 

where fcrge~ r. indicates Increased capacIty and/or s~ee~. 

An IPL mainframe system emphasiz~s confIguration 3~oxth ~~C 
conn~ctabillty: 

512Kd to 64MB maIn memory consl~ting of 1-~ intesra!ec 
and/or stand-alone me~ory .un'its; 
Each memory acc~sslcle by: 

1-4 central orocassing vrlts, and 
1-8 'llC SucSY5te~s; 
each caoable of hondlin31 

special PlJrpcse local perlcheraJ controJJers{e.:: .. '-
NCR com~on trunk, CYBER 170, 3DOGL) 

DRAFT NCR /CJC ?R! 'J,.'\ T E 
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::=::~~-~=~:~~~::-:~:~:::-------------------------------------------

!n~eorcrcc c~vice control Jers 
!~L ~hci~n~ls, connectabie to statIons which may be 
ccntrollers, {cDilr.ectaDle to oerlphera1 devIces) or 
fro~t ~na· processors 
Hancl1rs 16 sl~ultaneous~streams. 

~Ii~" devices to oe adced to or dropped from a running 
SYSf2:. ~ecui~~ specific device classes to run the system but 
r~! s=eci~lc ~~vlc~ ~oc~is. 

'i-f"c',;l;.;e .!acllitit2s" for incre:ner:tal syster.: ex~anslon wltt': 
~lrl~~~ siT2 di~ruo~ion, system dOrlntime and hardware returns. 

S~~pcr! ~~itipre. ~21nfre=es through one or more of: 

1/0 cnannel connections (local. or remot€), 

S~er€c r.:e:ncry. 
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IPL ARCHITECTURAL OBJECTIVES 

ASL ARGHITECTURAL DESIGN AND CCNTROL 
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-----------------------------~-------------------~----------~-------

The Table below outlines the ge~ere1 ctas~es arO 
cn~r2ctcr1~tlcs of system components to be swpportej in early r;L 
systems. See appendIx 8 for a pericherQI list. 

TermInals 

F rent End 

Data Unks 

Unit Record 

Caro R~ad~rs 
L1n~ PrInters 
CarJ Punches 
Paper Tape R~aders 

Tupe 

Channels 

Network Node 

Main Memory 

CPU 

Cache 

.Mass Storage 

Archival Storage 

1 - ,,~OO 

- 16 

1 25& 

0 16 
0 - 1& 
0 16 
G 1& 

0 - 64 

1 - '32 

o - 4 

512KB - 64MB 

1 -

(j - 123K8 

140M8 - 5000.0:13 
. mIn 2 s::>In(lI'es 

o - 4Xl0""1Z8 

DRAFT 

50 - "oK :',,\.6 
KE(to5,a~ C~T~soecial, 
Tran~acti~n, ~a~=~,' 
v2ta ~rtry, ~ul~l­

ft;!1Ciic!1 

Chbn~el conn~ctlc" 

Functio~ ori~nted 

50 to 1.5'-1 oaud 

100 20GO C?!1 
HJ ~~ i];J LP~ 

iDe 50 :; CF~ 

10 - lUGO CF$ 

2(,0 - e2S\) 3?;: 
1n - 2QG I?S 
7/9 Track 

5DCK-5X aytes/Sec 

Net~ork Inter!ace 

400 - 100D :~s ~ccess 

.3 - 25 X!?S 

20 100 ~:S Access 

5 MS - 100 KS ~cc~ss 

1. - 5 M3/Sec 

1 - 1Q S~C ~ccess 
500K -' 2 M3/S'?c 

l'CP./CDC ?P.IV;'TE 

1 
2 
3 
i; 

., 
a 
9 

:'u 

15 
1:: 
17 
15 
!~ 

2.: 
22 
23 

25 
2~ 

2i 
20 
2S 

37 
::e 
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!.5L ~RCr.ljECTU?~L aE.SI~,H t-NO CONTROL 
-----~--------------------------------------------------------------
3.3 Cri~~~CT~~IST:LS ~ND FEATURES 
!~:.2 ~CFrA~2i C~NF!GURA1:0J~S 

IPL Systf;:-!,:S e:nchasize softylare feature tallorlng: 

At th~ syst~~ rev~l, rnaj~r sottwar~ features may be: 

Basic to 01 J syste~s 
CCT!c~al, deoe~dlng on us~r requIrements 
Separ3t~ly packa£ed 

't th~ software feature 
be: 

~l~l~v~, to ~~:~aslze 
Cc~cl-e!p,! to:" !':3xim'.Jr.l 

~f:~rn2r!ve, to 
tS...i!:)stituTlo:"l) 

level, component capabilitIes may 

performance (subsett!ng) 
c,,~abll i ty . 
11t dIfferent envIror.ments 

n~ so1f"cre cc~ti9uraticn wI 11 !ncl~de a performance base 
SY$ -..;:l sucoor! ins a Ilr:ltcd number of features and feature 
0:;1 ons; one a feature base sy·stem supportlng all feature 
O~!" c:-,s. 

Alio~ s~tsTlt~t!cn of ~ost software components In a user 
runrln; SYS1~~ environ~ent to obtain olfferent system performance 
an~ ca~aoltity charact~rlstlcs. 

2.~"eII'JC co::::"!cn (local and re-r!lotei corr:munication-oriented 
c>;r.·.~~Tic:-s fer all p~ge,. Ilt:e ard transactIon oriented l/C 
vcl'JicES.O all'),. r:axir.:ul':: con.flgl,Jratlon flexibl.llty. 

Sup~crt IIC between externnl devices (staging) wlthout the 
ciract interv~ntlon of the CPV(s). 

DRAFT NCRICOC PRIVATE 

1 
2 

4 
5 

7 
8 
9 

10 
11 
12 
13 
14 
15 
15 
17 
18 
1·9 
20 
21 
22 
23 
24 
25 
26 
27 
2e 
29 
30 
31 
32 
33 
34 
35 
~o 

:'7 
38 
3'3 
40 
41 
42 
"3 
'44 
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47 
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ASL ARCHITECTURAL DESIGN AND CONTROL 
76/G5/1C 

--------------------------------------------------------------------
3.0 CHARACTLRISTIC~ AND FEATLRES 
3.1.2.5 Networks 
-------------------------------------------------~-----------'-------

Support the n~twork requIrements of the pore~t cQ~~anies. 
Direct definition of net~ork s~ster.s Is n~t to =e uncert3~~~ cy 
ASL. All design traceoffs involving N~tl"lorKs "i!1 0.-= !:)CS~::: er­
CDC's Network Products sCeciflcatlcn5 until NCR's a:-e :inatlze~. 

Provide the capabIlity tc distritute selecte~ sys~e~ 
support" proc~sses to oth~r processor~ connecte~ TO the 
memory dIrectly or via channel {Jocal or r~mcte}. 

3.2.1 CENTRAL PROCESSOR (CPU) 

0:- ..I5.E:-

:;:.aln!r'<:'~E 

Define a series of CPUs to support 2 range o! perfor~ance 2rc 
applications; spec11ically, cap301flties for ED?~ Scientl~ic~ 
Hardware-Emulat"ion ana I 8r'1guage-virtuaJ ;:'\ac~fne oDollcatior.SI. 

Define irstruction set(s) to nancle th~ acolications above. 
To incl ude: 

lInkage for swItching control bet""eer! I?L ar.~ ',lrtuct 
rrachines. 

SUP crlent~tion, emPhasizing code co~pac~L~n l~ su~~~rt c1 
throughout. 

floatIng pcint orientation, err.~hasizin3 executicn sceej. 

memory management, 
address spaces. 

emphasizing protection a~d la~s~ 

DRAFT NCR/CDC PRI'J~TE 

:; 
:. 
7 
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12 
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:'7 
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,. 
7 

C~~~~Cl~~:~T:CS ;t~D FtATURES 

:~:~-:~~~~~~-~::~~~:~-~------------------------------------------

s~ooc~: ~~l!lple vIrtual machines desIgned to use standard 
4?LCS i~tgr:3~es. Define vlrtual~.machlnes to support parent·s 
cr~c~~esscr Syst€~S (CEKTU~Y, CRITERION, CIBER 170, 300GL), or 
r.~1'i !"'.lS~ I~v~! I a:lg· ... i;ge virtual ~achines or other features. 

3j~,>;SS ~pace 

:::-e::!"':.c.~is:: . .l.$ 

virtua1 ~CMory mechanism to support a large vIrtual 
oy ~eans of seg~entatlon and/or P3g1ng_ The 
10 ~ lr.clude protection schemes for Intei/lntra 

c~oc~ss pro~ection. 

Ext~rnal ir.terru~ts to/from other orocessors4 

fast ir.terruct response tlrn~. 

rerfor~anc€ ~onltorln9 option. 

?:""oc~ss s~~arQtion (;::-ot~ct!on' an.d memory Inter"'locks. 

Proced~re sriitthing assistance 

?~nsin~ ~o prevent error propagatIon 

Soa~ t~e crodu~t range at b€st cost performanc~. 
l~pJles: 

This 

Spa~ range ~ith fewest nu~ber of memory models. 
Cse cachcl ~e~ory in the CPU for performance dIfferences 
)o;i"tn sa~~- ~emory ;:'Iodel. 
lc~~~t cCSi/blt l~cludlng cache costs (memory 

vc~ajill~y 1s accep!a!:lie). 

raxi~4ze avai:abiJlty through: 

ORAFT NCRICDC PRIVATE 
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IPL ARCHITECTURAL OBJECTIVES 

75/G5/1 C 
ASL ARCHITECTURAL DESIGN AND CONTROL 

3.0 CHARACT~RISTICS AND FEATURES 
3.2.2 MAIN MEMORY 

SingJe Error Correctlon/Dc~ble ~rror Det~c~ior. 
Reconfigurablllfy around fa!iea ~e~ory ele~erf. 

Loyical oyte addressabillty 

3.2.3 110 CHANNELS 

ProvIde the following capablfl~le$ ~dth a sin:;Ie Ch:il!"'Et 
design: 

transfer rate/sec 
conTroller from main ~cmorY 

(beIng rev!~e~ by joi~t 
r.CR/LDC tss~ !orce] 

attacnable to at least 8 device control I~rs 

Contain error 
fil·echan 1 sms. 

detection, recovery., and re~cr"tlr:; 

Capable of beIng shareo a~ons 4 r.31nfro~e SYS~~~s. 

Support high SpeCC ?trea~ins. 

3.2.4 DEVICt CONT~OLLERS 

Dual channel access for control. and/~~ cata trans:~r. 

Up to 32 devices per storage controller. 

Storage controllers to pcrrrlt r.:ultl olock IIO c5 C:efinec 
in section 7.2.2.2. 

Support ~ultlple mOdels of same device class • 

Maximum overleP of operation on separate cevlce. 

Optionally support staging. 

Single functional des19~ p~r devIce Cras$. 

Erich d.evlce controller d~slgn SUD;)Orts all 
speeds. 

c~ar:neI 

DRAFT NCR/CDC PRIVA7E. 
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,. 
!: 
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:7 
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'SL '~C":JEC'USIL OESIGN ANO CCNTROL ------.:..-------------------------------------------------.------------
3.) C~£=~CT£~I5TICS AND FEAT~RES 
3.2.5 Ft~IP~£~~L O~VICES 
-------------------------------~------------------------------------

So::c: Aooencix e. 

J.!.l C?£~AT!~G HCDES 

S~ppcrt concu~rent processing In any or all .of th~ fol 10wl~S 
eceraring ~o~~s In, priorIty 6rder fer design trade offsl 

-transact·Ion 
ti:ne shcring 
re:!o'to:! taich 
Jec.)1 ~ctch 

All :'Io'::es 01 ope,-atlon 
:-e:!l;l:-e::er.ts. 

r.1ust meet price performance 

Design 'rad~-ofrs bet~een time sharing and transaction access 
~~:£s e~y involve Der~or=ance or s~cur'lty "degradntlon. These 
C4S~S ~iJl Oe soecitically documented and approved by AOtC. 
~'1-::r., in t~~ juJO'r."en':" of AC~C, curr.ulatlve. perforMdnce/securlty 
~~ral!1es to th; tl~~ .sharing or transaction ·~ode. exceeds ·110X" I , 

1~~ cj~c~~sta~c~s ~iJl be repor~ed to the Plannl~g Com~lttee. 

r~e SYS~~~ 1S to b~ c20abJe of optimizatIon for a specIfIc 
o~er~:lr9 ~c~~. Co not specifically preclude Im~le~cntatlon of a 
ti:t-critiCal operatlng ~ode. 

j~e ooerating systeD Is the critical eleDent In beIng able to 
s~=n t~~ orosd rcnge of ~erformance, features anc confIguratIons 
c: !?L. T~e c~lective Is to span the range wIth a minImum number 
of a~ va~ioilons. 

DRAFT NCR/CDC PRIVATE . 
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!PL ARCHITECTUNAL OBJECTIVES 

7;;/05/1:2 ASL AKChITECTUNAL DESIGN ANO CCNTROL 

----~------------------------------------------------------------~--3.0 CHAHACT~RISTICS AN~ FEATURES 
3.3.2.2 Flexibility and Growth 
-----------------------------------------------;---------------------

The OS architecture, -d~sian and lrnpleMen~atlon ~ust te 
maximally supportIve and tOlera~i of fuTure chargas In ~.r~~~ 
areas, applIcatIon area~r technolQ9Y anc feature e~riance~ents. 

Provide a consistent Interfac~ To the ooeratl~; sys~~=. 
IncJ~de the cdPab!lltles reculred for l~ngu~ge co~clters! Syst~~ 
utIliTies, teJeco~municatlons? tra~sactic~$, =1;ra11c~ 
subsystems, applIcation o~ckag~s anc user ~ro;~a;.s. 

Do ~~1 provIde special In}erfac~s oecuJl~r to the usage of ary 
procuct set me~ber which the prcduct set ~e~oe~ can =r=~ice 
Usel. f. The intert Is: 

to minimize .the n"moer of Interfaces 

set mC!'i:b'Cr 
unsr;:"clfied 

the Interfac~ to 

If a oroc'~ct 
'prevloUsly 
genera Ii ze 
rrembers. 

d~n~nstates a n~ed fer c 
In~erface, sro~~a~~i4e a~~ 
ffi~ke it ~valla~le for O~~Er 

ProvIde a conslstent U5er Interface bet"ee~ 
acc~ss (InteractIve, batch, op~rator corn~unlcQrlons; 
is mDxl~al Iy supportive of a wld~ variety of u=er:. 

~ 
a I I ~odes c t 
c:!'tc. ) thot" 

Accoremodate single, ~ulti~le or r~~ote oter~tcr console 
configurations utilizing STandard 1/0 interfaces. :'1 lo~ fer 
generalized routIng to sD~clcl!zeo cans~l~s. ~iri~iz€ 
requirements for operator !nt~rv~ntion. Design to ex~c~te In ar. 
unatt~nced manner. 

EmoJoy damage control mechanIsms to detect, limIt and c~rrect 
the effects of system andlor Job failures. 

ProvIde the baslc services required to support: 

Phy~lCul and logical IIO 

qRAFT 

::. 

" 5 
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----------------------------------------------------~---------~-----. 

Felt"SOfT ooern11on 
O~~rEtor co~~~~lcatlc~s 

RE5c~rc~ rrans~e~~rt ~nd ~ch~dullng 
US3Se accountln; (user and vencor) 
Syste~ In~egrity 

O!cS~?stlcs and InstrumentatIon 
~rror cetection, recortLng and recovery 

I~s'alt.;lon og~ratlons reQuirements 
:~~c~~0int/re~tart 

Conc~~~~nt ~cinter.ance 

T~c =r!~Qry cOJective ls'to prov!c~ a single product set to 
",can tne en-fira IPl rang" ~Ithout breaks In compatIbIlity. Othe"r 
r.~~~~n pro;~ct s~t o~j~ctlvss Include:" 

~II c~i~ct ecce ger.eraled by rPL comoliers to be sharable 
(In su~oort of reentrant apol1catlons). 

"axl~jz~ the use of common design. common code modules ano 
co~~~n .rorarles. 

A cc~~on IP~ product set interface standard to aChIevet 

Co)~c!' :;oc~ 

(.::.g., a. 
Sl..:or.o\,.t l~e) .. 

CO~Qon oo;ect 
of 001 f::C t 
co:=pller-s. 

co~~unic3tlon across 
C020L program can 

the p,oduct set 
call a FORTRAN 

text 10rmat to facilitate the linking 
prograns produced by two or wore 

~ecord and file formats wll I be common end 
!~1~rC~ar.geabie across th~ product set. 

7~ere wIll ~e one or more data representations common 
across ~he prod~ct set. 

Frovlde co~oatlble external user Interfaces to al I similar 
IFL prodwct set me~bers. 

A co~cati~ie reans for Invoking al I ccmpllers. 
Co~~atlo'e gra~hlc output formats from all 
co-.pi lers. 
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ASL ARCHITECTURAL DESrG~ AND CONTROL 76/ti5/;'D 

--------------------------------------------
J.O CHARACTERI5TICS AND FtATURES . ------------------------
3.3.3 PRODCeT SET ... ~- ... -------------------------'I'--.------------------~---_____________ _ 

Compatible diagnostic messages fd~ all c~~ojters. 

ProviG~ statistical, perfcr~a~ce and 
hooks and tools for both syst~~ ~~d us~r 

syste~ cec~;;l~S 
Jev~1 USt;!. 

·For products 'cov~red by stand~rds In Aocenjix C~ provice 
OPtions to flag, acceot and/cr reject all non-~tancaro 
statements. ' 

~II co~pllers wll I at lew: 

Inltlatl~9 a batch co~ol,l~tlor. 
user. 
Interdctlve~communlcations hlth 
eXecution of user prograT.s. 

DRAFT 

by an lnrercctive 

a CUr" i r-s 

NCR/CLlC FR!'1ATE 

1 
2 
;3 .. 
S 
7 
c 
s 

1Q 
:'1 
:'2 

15 

22 
23 



3-12 
IPL A~Ch!T£CiUrtAl OBJECTIVES 

£SL ~R~~ITECTU&IL DESIGN IUD CONTROL 
76/05/10 

-----~-------~---------.--------------------------------------------3.a ~~~r;CT£R!STrCS A~J FEATUR~S 
3 .. 3'.3 .. ! 2.c:?slgr. :::;j ecri-o(,=s/?rlorlt{es 
----------------------------------------------------------------~---

I ?~O(:UCj 

-I TF:A;)E-OFFS 
I COM?ATISIL LTV 

PR!ORUY 

: .f::' J : : I t 
1 IE ;~: :E: Ie; I 

"I lA:£: ;X:T S::; r 
Ie} r: t,1 C: E IE f 0:' . I 
ICit::lt ClelSI E: I 
:,~:i{! I~::'HT I 1 I 
:?IEIX:?~il lei I 
;:d 1~:_II!:J1C' Ie: 
: T: io!: ~1.1..1 a::.. f:11 ; Rt 
: I1 ! j C: E ~ ;-;: S: P J ::: f 
:a;t:~~1 I ;t.i~\1 IT; 
'IIH:t;::;:S; leI JEICl J3J 
: L t N: t?: ? I S = T I 2 R ; Y I A I 0 I -: 
II:EIU:E;Ell;l: ;!151NliJ:r: 
: T L~ ! S J ~ I c: 'Z Ie;' :-0: E : S 10; B I 
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DRAFT 

IIBH APL TARGET 
I 
IBATCH AND !NCREMENTAL 
I _ 

IANSl 74 (HIGH LEVEL 
I MEASURED BY NAVY AUOITI 
I . 

I 
IANSI 75 (HIGH LEVELl 
I 

I 
I 
I 
ICYBER ISHL CC COMPATIBLE 
I 
I 

IPRO UCT SET PROGRAM CALL 
Icye R CONTROL STATEMENTS 
ICRI ERION CTRL STATEMENT 
I 
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ASL ARCHITECTURAL DESIGN AND CCNT~OL 
7Q/~5/10 

----------------------- . 
3.0 CHARACTERISTI~S ANU-;~~~~;~;------------------------------------
3.3.J.2 UtiliTies ~obe Su~cl!.~ _ 
--------------------------------------------------------------------

--------------+----------------------------------------
PROGRAM I Source ccoe ~a!n'~nance 

ORlfNTEO I Cbject code maintenance 
I Line one text eoltor 

Text fO:"riatter 
Oebugging aids 

--------------+----------------------------------------
DATA 

O"IENTEO 
G~neral utilities 

Copy (housekeep) 
CO'i~are· 

R€:for~at 

Da1a ba:s::! 
Subset extractcr 
Ooolecn processor 
Inccx ~ona~~~er.t 
R~~tructur~/re~r9~nlzatlor 
Usage analysIs 
Log/audIt 
R(Iocov€r/r(!~tore 

--------------+----------------------------------------MEDIA Inltiallz;;tlon 
ORIENTED Oumc/rcstor~ 

--------------+----------------------------------------
SYSTEM I Maintendncc log analysIs 

ORIENTED I Syste~ use log ~nalysls 
I Dump/loaa lOb ~u~~e 

System generatlon/~ooif!cat!on 
i,=rmin.; I u~e· 

System/job/file status 
~assa~e c8oaoll!ty 

P~rmar.en!" fil~s 
Dump/loaa 
Au~lt 

Gen~ral fIle utIlit!es 
Print mc~ory or file 

--------------+--~-------------------------------------
CONV~RSION I Data convp.rs!on 

A IDS Program conversl en 
--------------+-----~---------------~------~-----------
Where appllcable, utilities wil i ~eet co~patiblllTY c~nstra!nts 
as outllneO In secticn 3.J.3. 
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,S~ A~C~:TECiURA~ DE5IGh AND CC~TROL 
--------------~---;.,.--------- ... --------------.-------------------------
3.; cr.~,.:.cr:::f.:.:S7ICS ~"D FEATURES 
.!.E.!.. ::'~T~ 2J.SE !1htlASE~ENl (~ef") 

---------~----------------------------------------------------------

3.3 •• '0111 SASE HtNAGEMENT (OBM) 

1~e ~rivary oojectiva of the DaM system Is 
~d~;~ nith a seccre data base m~nagement 
c~-=~tiFle ~cr05S the lIne. Tne l~n9 term 
cro~u=e an !~S:'-c~~pJl~n1 DEM system. 

to span 
faellity 
objective 

t he I PL 
that ls 

Is to 

in~ utilities ana co~rr.on proouct set objectIves specIfIed 
aboye a=ply to tne OSH system. 

!=CO~~C~a1~ the·ne~d for subset product delIvery and prIcIng. 
l~e oasic syste~ oust conlain th~ key elements and features of ~ 
C3~ crocuct; ~torcg~ ana data inaecendence, prot~ctlon, etc. 

Pr~VL~e the user the alternatIve to use a foreign data base 
~3"a~.~.n! syste~ tTOTALlln lieu of the IPL OSM system. Foreign 
anc I?L J5M sys!~a~ ~r~ not reQuir~d to share data bases but 
s~o~ld ~; c~c~ole or s~arlng physical reiources. 

io\i'thin lhe 
o,oj act'!vf:St fhi: 

ccnstralnfs of balanced product set performance 
c~slgn t~ade-off oriorities are: 

~~n ti~e efficiency over storage reQuirement. 

Stcra;e r~oulr~~~nt 

efficl~ncy. 

over cornpllatlen 

R~trleval over update perfor~ance. 

rOdift over store over delete performance. 

or utllity 

COl:!p~t'bllity devIations from the OMS170 and COOASYL 
ces1s"'s .. Ill be specifIcally cocu~ented and approved by 
~J&C cnj oede visible to th~ Planning Corn .. lttee. 
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IPL ARCHITECTURAL OeJECTIVES 

ASL ARCHITECTURAL OESIG~ AND CONTROL 
76/GS1'10 

~-------------------------------~-----------------------------------
3.0 CHARACT~RI~TrCS AND F~ATuRES 
J.3.4.4 O~t3 Access 
--------------------------------------------------------------------

Access 
FURTKAN, 
Interface 

to the data base to be availa~le th~ouSh CO:CL, 
and Query Uodate as ~ell as throuch ai~~ct us€r 
In both a batch and lriteractive ~oc~. -

Uat~ Descriotlon and Data Maniouiation la~sua]es In a fcr~ 
familiar To applIcatIons crogrammers. 

File organizatIons aJaptable to massive 
del'ations. 

inser! LOt'lS 

Access can be Inoepend~nt of tne organiZatIon an~ fcr~ar cr 
the oat~ base. Access'~etnoas avaIlable to tne· u~er I~clu=e 
seQuential, direct (by Symbolic k.eYt. e.g., lnu~x se:..;e:"ltlaf) ::t;C 
assocIative (vdlue couoled ~~ts). 

~alntaln accurate r~corcs 
. structures, etc., to insure 
pro~erly oesrgnated. 

of stJoportlng 
Tha t purg~o 

lnd.exes 
or unUSl!:l 

anco f 11 e 
f 1: es ar.e 

Fr~vent propagatlon of detectable hardware faIlures i" r~~ 
data base. 

Concur~ent upcates from multlple tasks or a~~lic~ticns ~ot t~ 
result In a breach of Integrity. 

ProvIde optIonal audit trallS anc tracking of el I accesses. 

AI low, programs to be mailmally Lndependent of; 

- MedIum and devIce type 
- Volume residency 
- Storage structure 
- Storage format 
- Storage aac~ess 
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~~L ;"~~':~lr~CrlJR.:tL OBJE:Ci!VES 

75/05/10 . 
;;s!- ;.,~.ct"<:r::CjUK~L DESIGN AriD CO:-iTROL 

.0 C~~~~:T~~ISTICS A~D FEATURES 
~J.4.7 Query/UDo3te 

A casic 'er~inal oriented QUERY and UPDATE language. 

As :;';:!":'( securIty features as posslb.le wIll be optional to the 
~5~r C~ co~c~ter ~anager to reduce system overhead when desiree. 

Tns c~jectlv€s of the IPL security sY5tem are to provide: 

~ecracnistis to loentify each user attempt in9 to 
sys!€-:7.; to se ~ authorization, c I ass l! 1 cat 1 en and 
Je\l~:s tor eac.h us~:"'~ to ll"'lt a u$er's ;;Jccess 
U5c.;e 01 sys.tem rp.$ources anc data f 1 J ~$; 

~@c~~nis~$ to icen~ l1y termlnals "and peripheral 
at!aC~~j to the sYSTem. 

use the 
privilese 

to . arc 
to aud I t 

devIces 

De~ectlon, reporting 
Alcr~ ger.eration H~er 

ano logging of security violations. 
security violations are detected. 

Cara dccess and uSdge regulated by the owner of data; data 
:ra~s~issicn accoraing to lImits s~t by the OHner of the 
c67a: c1earln9 of residual classlflec data. 

Sec~rity ss~eguard5 for startups, shutdowns, restarts ana 
SY5tE~ ~~o!!lcarlon4 

Accltior'2iiy, tne follcwlng goals i'(111 be pursued to the 
!i~j1s i~~os~~ by other a~chitectural, design, and lrnplcmentatlcr. 
cors!ceratic:':s! 

rn~ least possibl€ a~ount of privIlege granted to 
6~€~otl~~ sY$te~ f~nctlons. 

intc"rn31 3~j external label1ng of classifIed Information. 

£sla~lisn an o:eratlng system security model and 
continually test the OS C:esl~;"n and implementation. 
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IPL ARCHITECTURAL o eJECTI VES 

76/;;5/10 
ASL ARCHITECTURAL DESIGN AND CC~TROi.. 

3.0 CHARACTeRISTICS AND F~AT~R~S 
3.5 PROTECTIDN 

The averal 1 protection objectives for I?L ar~ to p~ote=t thE 
user from other users, the s~ste~ frc~ ~sers~ users :rc~ ~h€ 
system, and system elements from othe~ system ~le~enrs. 

Dcta c~n be orotected at the: 

FIle level 
Record level 
E I erne,.,t I eve I (through O!3t~! 

3. 5 illfE.1!Il.QJ:! 

SYstems to be "addressed for ~lgratlon .lnclude s~aciflc 
versIons "of ~ 

3JGOL/~IASTER 
CY8E;;/NOS, NOS/3E (includIng I/O err"lntlcrl 
TOX application pr'ogra~s 

CRITERION/el-E2-VRX but not CVK (only rEcuires e~ularlcr 
cf Gl-U2 OS cede! 

3.6.1 HARUHA~E MIGRATION 

The IPL hill svpport a harcwi;;lre rr"igratton er:.viron":':et""'t Kith: 

Emulation of 1he CV6ER lTC, ~COOL, CENTURY and cRrr~~:CN 
Central processors. 
Support of selected perioherals available on ~he CY2t~~ 
3000L and CRITE~ION lInes In theIr current aaae. 

J.6.2 CPU PkOGKAM MIGRATION 

The IPL wil I suppo~t program mIgration Hith: 

Emulotion to per~i~ executicn "of old ~~~~ p~o9rz~s 

directly without change or r~co~pi!ation. 

Recompilatlon and/or utilIties for converting old orosre~s 
to IPL mode. 
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i&/05/10 
~S~ ~~C~IrECT~~A~ UESIGN AND CCNTROL --------------------------------------------------------------------
Z.J Ch~~tCi~;:ST:CS A~J FEATLRES 
3.6.2 C~~ ?~O~R:~ MIG~'TION --------------------------------------------------------------------

It Is ~igri1y cesirable that car~nt comoanles prepare for 
=i9~ati~n f~om ~~isting lines to IPL (co~patlble compiler 
languages, coc~~nd l~n9uages, dat~ formats and medlal. 

!.E.! O~T~ ~lGRliION 

~ata MigrEtlcn will be acco~codated with: 

Utilities that conve~t old flies to the IPL formats and/or 
zecla. Such·conversion will be explicitly reversible. 

S~=oo~told Ill~ fer acc~ss by programs executing in old 
,;r n€'1'1 F"'lode a"ccot'"::Ung to the chart be low. The nurr.bers 
.reore~~nt tn~ preferr~d seouence of mIgratIon step~. 

fILES 
:----------------------------+---------------

. OLD .Si"UCru;;o. I IPL STRUCTURE 
:-----~--------~·------------I-----------~---
~ IPL SUPPCRTED I 

?".JG;:-':'~S : OLiJ UEVICe:: MOilE IPL Dt:VICE I IPL DEVICE 
---------------+---------------+------------+---------------

I 
E;-i:':1...! r!eN ~C'JE 1 (1a) I 

I 
2 (2s) 3 

~:oTe: for s,eD 2 the oOjectlve Is to support a ;;l.!!l.$~i of ole: 
Slr~CI~r~s. St.os (la) arc (2a) are not design objectIves but 
re=r€se~t ~lternaT'i~es penoing resolutIon of ·parent peripheral 

1 
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4 
5 
& 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1& 
17 
18 
19 
20 
21 
22 
23 
24 
25 ,6 
27 
25 
2'3 
30 
31 
32 
33 
34 

l~ 19L ~eyice Is one ~nlch supports IPL data structures Ln Its ~5· 

nlrl~~ .oce. "IPL Devices" are specifically list~d In APPENDIX • ~& 
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IPL ARCHITECtURAL OBJECTIVES 

ASL ARCHITECTURAL DcSIG~ AND CeNTROL 
7&/05/10 

-~~-----------------------------------------------------------------
4.0 COMFATIBILITY OBJECTIVES 

------~-------------------------------------------------------------

4 • 1 .ijll!:.I!L.I.E.l. 

The IPL wIll oresent a compatIble data Int~rlace that Is 
accomodated across the lin~. "This obJectIv~ includ~s ;)t'o\o'i~io~s 
fo~ I 

- .Comoatlble Instructions ~ill have i~~ntic~1 r~s~lts. 

ANSI. st~ndard data representatIon on caras an~ ta~e. 

IPL standard data formats (l~te~~al and extern~t). 

1 
2 

.. 
" 7 
S 
g 

IPL stdndard O(sk ~ec6rdlng formats (ohysical and 
fll~ l~vel) for each tran~oortab:e t:'IeC:ia tro'.!. 

Ic;l-:.2I· ZZ 

IPL standard operating sy~te" Inter:ace. 

The IPL standard oata formats are: 

Interndl representation of character cata In ~~CII. 

32 and 64-blt representation of fixea colnt nu~~ers. 

64 (sIngle precision) ana 128-bit (ce~ble ~r~clsior) 
representation of floajLng point nu~bers. 

- ·Siyned ana unsigned packed aecimal numbers. 

Signed (embedce& ard separate/leaoing ana trailing) arc 
unslyned zonea decimal numbers. 

Acdress pointer~ ahd synchrorlzatlcn ele~ents. 

ORAFi NCR/C:lC ?RIVlIrE 
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!?L ~RCP.!iECTURA~ CeJECTIVES 

75/05/12 
ASL 'RC~!TECi~~'L DESIGN A~D CCNTRCL 

~. CC~FA7!3ZLITY 02JECT!VES 
4. ?;R£N7 ?~£CECES~O~ PRODUCTS 

~ry crelI~Inary 5ysTers which Ere based on CRITERION or 6150 
hcrCI'ISr"E EIE£e!'"lts :,:,;ust be fielc uogr2cablc tc IPL systerrs at c 
~l~i~u~ COST~ For NC~ systems, user reversitllitv is required. 

T~€ r€$~:ts cf ~he IPL floating oclr.t oceratlons HIlt be 
~ri~~~~t.ic~lty co~caTible to the normal rongE of CYBER 170 
lica~jn9 ~olnt un~oun~ed resultz. 

hhe~E ~faslble1 U~~ sottware procucts l~plemented In a higher 
t~V€J 12r9~ase cnly. Evolve the ~rcouct to IPL speclflc~tlcns C~ 
t~e cr~c~c~s~o- syste~. Candidates, include: 

·Co~=ll~r croc~cts 

D~!3 ~Jn3ge~er~ prce~cts 

~~1~ork orcj~ct~ 

IPL cerl~hara!s hil,'ncrrral!y be suopllad by CPI ana MPI. 
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IPL ARCHIT~CTURAL USJECTIVES 
i6/05/1C 

ASL ARCHITECTURAL DESIGN AND CO~TROL 
--------------------------------------------------------------------
4.0 COMPATIBILITY OBjECTIVES 
4.4 COMP~TITIV~ PRODUCTS 
----------------------------------------------~---~--- --------------

Device 

7 T rack 
tape 

9 track 
tape 

80 co lun:n 
caras 

Diskette IBM 

M£CIA 

Physical 
Recording 

IN T E RC HA t~G E 

Conversion 
Ccce 

ANSI OCD 
200b",! N"ZI (even parity) 

(read OClly) 
55t.O;:li i~!;Z-I 

8UGb:oi t~;<,Zl 

ANS I 
BOOco! NRZI 
lo0Depi PE 
6250cpl GCR 

ANSI 

IBM 3750 
10rmat 

ASCII 
EBCDIC 

ASCII 
029 
02(; 

Tr~nso"rent 

EBCDIC 

L 0 3!.cal 
Str-ucturir.s 

" Ar~SI 
19co and 19i& 

o t.~SI 

19S8 a"d 19?~ 

o Care l-::dse 

o Linit Re::o,"d 

Secondary ·sup~ort 

programs· wi II be 
supported above. 

of EBCDIC charseter and d~cl~al d~ta by CC82L 
provIded to the extent E2CQIC ~€Oiz ar~ 
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T€cn~i~u~s of cesl;~ ~Od Impiecentatlcn (~.g., structured 
c~si;~, ~~r~ co~oled in~er12c~sl are to· be emotcyed which wil t 
aJl;:'fI 2: roo:;....: level of tu~ctlonal Isolation. This will present the 
::.:if"eni c:);.,cc~ies ~i th the o~cortuni tIcs listed be (O~ as we i 1 as 
tn~ ch6;1~~ge Qf irnorovlng Integratlon1 distribution and flelc 
=alnl~n3nce ~no~9~ !o orofit. fro~ this modularIty. . 

5.:.1 fLExlELE ?AC<AGI~G OF SYSTEM COMPONENTS 

r~pl~c~~ent of sYstem components to gaIn new functIonalIty 
~i~hout ~lS~uDtlon. 

·ic~r!i.cai fur.crions for both s~aJ 1 and large system users' 
~ltn r~buctlors In cer!or~ance rather than functlor. 
~0~0~~r, ~ ~~~nin3ful- subset of functIons may be reqUired 
To s~=~~rt ~ini~0~ level systems. 

c~sto~cr gro"~n. 

syste~ a~aotabi!ity to -unlatie environments. 

syste~ optimization to satisfy 
!"'ecviie~ents. 

specific performance 

~e1ine cnc use a ccr.~on software wrIters language (SWL) fer 
the entire ~rOduct ilne d~velopoent. This Is expected to: 

?ecuce CeveJotce~t and support costs 
~~narce prcba~lllty of the sYstem software spanning the 
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lPL ARCHITECTURAL OBJECTIVES 

lo/DSl13 
AS, 4RCHITECiURAL DESIGN AND CeNTRDl 
--------------------------------------------------------------------
5.0 SYSTEM ENGINEE~ING CONCEPTS 
5.2 IHPLEMENTATIO~ lANGUAG~ 
--------------------------------------------------------------------

entire product lIne 
- . AI IOh definition of hard~a~e/firnwa~e assists ~~i~~ 

Improve SHL code perfcr~ance 2nd thus ~~e ~hot~ sys~e~ 
pl~r f ornJr.ce. 
Enl-)=ncc RAS 
Facilitate transportation 
eXD>2rtlse and {to a lesser 
rrachlne Ilr·es. 

of aigoilth::lS, 
extent) s~{t~arq 

:;.r-C:;r"2-:.7.'::f"' 

wi th o!~,=r 

The IPL systems will comply with all oopilcatle :~CR-C:);: 
and Industr-y standaras. Any devi<'JtioflS will b~ icentltir::.;: 
waIver statements in future design dccu~arits. See Aooenalx 
full standards lIst. 
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!?L :~Crili£CiURAL C9JECTIVES 

76/05/10' 
~3L ~RC~ITEC1UPAL DESIGN A~D CONTROL --------------------------------------------------------------------, , 

s~o ?RC~UCi ?HASING C8JECTIVES. 

A design ~bl~t11ve Is that pha5ed Impienentation and 
ot sela=:eJ !~~t~~~s, 1unctlons, and components 
conYeni~nrly acco~~ocated. 

releaSE 
can be 

irt'! c.'.):"l-:-ent of tr~ first reSe2se and. proposed subseaucr.t 
Il"<l;;~$ ,,111 <>e delineated 1n the . Architectur'al Oefln1t1or 
C~c~~~nt by 1/1511~ •• 

~~ar~r~s anj c?~~c~ents fO ce consider~d for phased InclusIon 
in !F~ SYS!E~S ~re: 

~~~~S ot o~~raticn and the "associated sche~ullng ard 
s~~fe~ tuni~3 caoabillt!es. 

Co~icn31 !~veJs of s~curl~Y. 

Xultl~alnfrarre support. 

Uf!tizatLon of harcware protectl·on mechanisms 

Cc=~a~= Lan£vage f~atures assocIated with 
o-cc:""at l:Jn. 

Dora·Ease ~anage~ent features. 

modes of 

f.l~ management capabilitles In support of phased OEK 
f;:atures. 

SU=~Drf fOR a storage hierarchy (t~pe library, bulk 
t~~cry, ere.). 

~~S feat~res such as flle archiVing and automatic 
hi~rcrChY manage~ent. 

C13~rOS1ics ~ay be pnased irom on-line fault detection to 
fa~li lsolaticn without a retrainIng reauirement. 

G¥.r·~ral ft:atures of the procuct set .m'2mb.e:'s depending or. 
t~~ ~~asin3 01 ~o1~s of operation and configuratIons. 
E~e~~les are on-lin~ d~bU9g1n9 and p~rfor~ance optimizing 
Cl.l~.::: 11~1"'"S. 
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IPL AKCHITECTURAL OBJECTIVES 

ASL AKCHITECTURAL DESIGN ANO CONTROL 
T,,/OS/iii 

------------------------------------.------------------------------
6.0 PROuUCT PHASING C8JtCT!VES 

-------- --------- .... ----------.-- ------------- - ----------------.:...-------
Fer1pheral support. 

V 1rtua I I ar3uage processor support. 

Where lang~age sta~~ards.are oef!~ec, l~ltial desion ~ill 
give pr~aece~sor oroauet cc~p!la"ce orlorlty c~er full 
complIance. 
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~~l ~~~-!rECrVR~L DESIGN A~~C CONTROL --------....:.-------------------------------------------.----------------

~-----------------------------------------------------------------~ 

Tne !F~ ~rchitectyre ~ust al low the largest cost/performance 
ron;e pcssi:de :Etween the sr.la! t-est macel and the largest model. 
Tha ra~~e c~st ~E covered continuously with no cost and/or 
perf~;~ance saos ~it~ln the Jir-e. 

:~~~~l:ic~l~ c~~put~r ~oo~ls ~ust occu~ at performance level 
t"'..!ii.o::-s of 2 .. 5 ~c 3.? .. At each mo~p.1 level, a minimum starter 
sysr~= :ust be ccr:!guratle hlth 9ro~th through add~on and/or 
re~J~ce~~~f of ~a~c~ar~ ~cau·les to allo~ the user to Instal I 
sys1;::: dO: 'th~ io~~s't :>os~lcle cost, and to grow 1n smaller steps 
1h~n H!!h tetal syst~~ reclacement. 

lr~ IPL Sysre~s ~~ould mlnl~lze the total time bet~ee", t~e 
~~~!n3 bno correct executlpn of a program. Approaches to be 
ccnsic~red lr.clude: 

- E~~na5is on cO~Ql~atlon speeo 
- c~ona~is on dicgncsls 
- !~~E~€n~~nt ~ocule seneratlons and ex~cutlon 

C=':Iug ;:!i.::!s 

T~e IPL proc~ssors of ~lSher cost and. performance must be 
~f1icl~nt in'-1h~ execOTion of FORTRAN and those of lower cost and 
o~~~crcanc~ ~ust e"ffic~ently suoport COBOL. 

7.2.1 p~OJUCr S~T 
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IPL ARCHITECTURAL OeJECTIVES 
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ASL ARCHITECTURAL DESIGN AND CONTROL 
761JS/lil 

~-------------------------------------------------------------------7.0 PERFOR~ANCE OBJECTIVES 
7.2.1.1 Perform~nce L~vels 

------~---------------------~-----~---------------------~-----------

Major languag~ processors are to proviae for two lev~ls -cf 
compilatIon perform6nce. " 

CeveloP~ent _~odc, characterizeG by ext~nsive Clacncst!cs 
an~ 1ast compilation rate at the ex~ense 0: Obl~~~ CO~~ 
e r Tlclency. 

ProductIon mode, characterized ~y highly ef!i=ien~ c~!~ct 
cod~ (space/speed) generated ot the ~x~ense of co~oilaticr 
rates." 
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-----------~--------------------------------------------------------
7.3 FEiF£~~:~C~ O~JECTIVES 
7.2~1.1 ?srfor7ance Le~els --------------------------------------------------------------------

P"ELIM!NARY 
P~C~UCi SET ?ERFOR~'NCE OBJECTiVES 

(SUclJEC,·TO FURTrER REVIEH nITH PARENTS) 

--------+-----------+----------------~----+------------

?i1JJ(;CI 

f.i Ci\o(! lit; 
SET 5.iZ:::'" 

;(" 

SIATEMENTS PER 
I'HtH;n. 

COMPILE RATES I 
I--------+-----~------I 
I P2 C?U IHALL ClOCK~·1 
I .. "''' I I 

TOTAL 
CODE SPACE 

K8 

--------~---------~-+--------+------------+------~-----
APt. 1 lG!l>(S 2G,OOO &,00·0 300KB 

I· 
=~s:c 

!NTA 

?,~:c 

·1 
S/M=:~GE J 

i 

u.JL 

S,il 
P',;C:; 
CEv 

lJOKB 20,000 
lJ,Juu. 

~j~~3 ~,COO 

65,(0 TSF 
lZ~K<' 8,OJa 

15"Kd 7,JOO 
.l2S!{3 1.3,000 

lseK5 1 2,~rJa 
,I 

TEF t T9F 
I 

lSF I TeF 

raF TSF 

T6F TEF 

",OO~ 
1.3,00 a 

6,00U 
2,500 

I 
1.,000 I 

TEl' I 
3,00a I 

I 
I 

1,000 I 
5 ,~oo· I 

I 
'>50 I 

I· 
TBF I 

I 
TEl' I 

TBF 

iSF 

1,350 
3,400 

. 20 OKS 
500KS 

1.5M8 

750KB 
250K8 

1.5M9 

TBF 

TEF 

TeF 
HlF 

... '.lY?! !L·· P!iOG~AM :>500 DATA NA~ES, >1000 STATEMENTS 
• ~ U~LI~ itD REAL MEMORY (NO MORE THAN 10Z DEGRADATION AT 

~c;~ ~G SET SIZ ) 
.~4 P!~'; v~ P~~FO~X NCE RATIOS TPAT APPLY TO eTHER PROCESSORS 

A~[ C~SC~I3EC H SECTION 7.2.3.3. 
reF - Tc C~ su~oJle 'i,t~ Architectural DefInitIon 
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. ASL ARCHIT~CTURAl DESIGN AND ceNTRal 
-----.-------------------- ... -----------!"'------------------------------
.7.0 PERFORMANCE 08JE~TIVES 
7.2.2 SY~TEH P~"FONMA"CE 

7.2.~ SYSTEM PERFORMANCE 

Frovlde mechar!sws su~portlng ~~asurln9 cf coer3ting 5YSt~~ 
~nj general softw3r~ .p~~forman~e anO U$a;~ cna~acterisric~ •. 
Supply basIc analysIs 100ls for ~rescnrln3 t~is ~ats i~ 

m~anlngful terms. Self rn~asurern~nt tools a~d services tc Os 
optron~lly s~lected. 

.~up~ort system tunin9 at· system g~ner~tlQn, syste~ loa~ a~= 
~x~~~tlon times. Include tuning options TO ~dxl~lze p~rfq~~a~c~ 
In tne fol lowIng creas: 

- t1me sharIng 
- transaction 
- batch, local/remot .. 

The Icv~1 of c~rforma~ce achievable In ~ny oartlcula~ araa is 
!lQ.l requIred to be at the level of specl!lcally c:e'Je!o:;"c 
oedicated ~ppllcatlc~ syste~$ but th~ STan=ard I?L OS ~usJ b~ 
able to supply tne m~jorlt~ of c~de that houle ~a~~ u~ suc~ 
~edlcated special systems. 

Each IIO Subsy~tem wll I be ·~~oanda~le "to sustaIn ~~ to a 2C~E 
oats rat~. Each rrwst per~lt sI~ultan~ous o~eration of 00 tc 16 
devIce controllers. ihe lOSS will not inhioit centro: Jers frc:r 
drIving devIces CIt ratt!<J speeds (wIth!" o:.ter=:! r I :LOSS" ::;a:,,:c"ic-:-~ 
I·Imlts. ) 

1/0 protocol ~ust not preclude transfer rat~s af 64 =e;a~ytes 
per second when appropriate technolcsi~s are evailable. 

The.1Pl must support a hIghly efflci~nt llC capa~illty in 
multlorc9ra~mlny or mcnoprogramming r.c~es. 

Surst d~ta transter rates at device maxlrn~m 

EffectIve data transfer rates at 80Z of aevlce ratej s~eed • 

Support data streamIng. Strez.,.l"g (.,.ulti-cloc't I/Ci is t:-e 
abilIty to process twe or more consecutl~e IIO r~cue3ts fer t~E 
Sdme device wltl,out degrading the ~f!ective transfer ra~~. T~e 

nurnoer of sr~ultaneous user data strea~s is CO~!!9~ratlc~ 
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~:::l2'iC~r:t. Extra control fer costs (11 any) to meet thIs 
:-~;:;· ... i:-->?:.,:.n! ",ill !:::e Id~r·ti1i~d. 

T~. tot IOhi~3 ~ork!caCs ~ust be abJe to run on a miniMum 
::onfiS:.lrarlc r : 

CEcic~Ted 8atch Mode MinImum of 3 concurrent, jobs (1 
cc~=ilatLon a~d 2 ~roductlon 1005, BOP oriented) 

C~-;lne/3~ich H~d~ One on-tIne job with up to 35 
termin~!S1 nIxed tYD~S~ transactIon oriented, with 
t~;ou~h~ut 01 3 .0 ~ transactIons per second. (For 
i!e.z,SL.r~7tnt :;urPQses, a trcnsactlon Is an extf2rnally 
5~rI2r~;2~ rN~UT/p2JCESS/OUT?UT secuence recuiring no more 
i~~n ; to d acccssas to RHS curIng precessIng.) Two batch 
jO'::5 {1 cc!":oi IEJt ion and 1 prO;Juction Job~ BOP oricn1'-=d). 

J-=::lc2f~<; On-fIne ~o~e - One en-lire lob hlth UP rc 1DO 
~~r~l~~:sy ~lX~d typ~S, transaction oriented, wIth 
Tnr~~g~=ur of & frdnsactions per se~ond. 

?',OC,,$:;,OR P,-"!FURMA".;E IS !:!!ll TO BE. CONSTRUEO AS SYSTE~ 
7:i::;~:'::...:G::;?~ . .!T .. 

lne oer!cr~3nca objectives for processors arc" lIsted In the 
fcllclod!'".::: s .... b-Da.3;rap~s. The stat:1d performance obJectives will 
Co.: :;27 poi;!") r~i: fC.llcning concitlo~s it:lPOsed.% 

~o conflicts In ~31n ~emory from oth~r processors. 

~5l~ ~e=ory access tIne (lnciuding cables) of 1008 nsec. 

CdCh~ hit ~oie is C as defIned beto~. This means that 
(i-C) ot t~e nerds tc be rea~ from maIn me"ory, exclud!rg 
In';.tr~c;lon r'~de1"''?nces, shzll not be In the cache ar.c 
sn~'l reouire a reference to maIn memory. 

~ap hit rate of M as d~flned below. This means that (i-HI 
o~ tn~ proc~ss virtual address to real memory address 
rr2f;s!=3tiors s~lal i reo· ... .dre a reference to maIn memory for 
access. to s~S~2nt. cr page table informaticn. 
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------------------------------------------------------..;..-----:-.~----
7.0 PE~FORPANCE OBJtCTIVES 
7.2.3 P~OCESSOR PERFORMANCE 

PROCESSOR I CACHE HIT I KAP ~IT 
: RATE (CJ : RATE un 

----------+-----------+---------
Pi I go/. 

P2 

PS 

P4 

Pi Processor 
P2 Frocessor -
F3 Frocessor -
P't Proc€ssor -

I 
75% 98/. 

7S/. 

go/. 

v.75 x CDC CYSER 70173 
3.u x CDC CY9ER 70/73 
g.O x cec CYDER 70/;3 

27.0 x CDC CYSER 70/73 

Comoliance wl"!"h these o!Jjectil.'cs ~lll be 
execution time of th~~ -:-en Fa~!T~A:~ k~rnels 
Environments and HorkloaCs Sp~ci11c~Tion. 

P1 Proc~ssor - 2.3 X rSM ~70/1~5 
P2 Processor - 1.3 x IU~ 370/145 
PJ Processor - 1B x rBM 370/145 
P4 Processor - 40 x ie~ 37G/145 

cete~'ined ~y J~e 
lis~~c ir. !r.€ 

Compliance with rn~se objectives ~lJJ be deter~lned by t~e 
execution time of the ·COBOL S-PRUFILE state~en:s lis!e1 i~ the 
Environments and Horklobds SDecltlc2tion. 

P1 Processor -
F2 Frocessor 

1.0 x CGC CYS~R 70/73 
2.7 x cue CYB~R 70/73 

P3 Frocessor - 7.3 x eec CYti~R 70/73 
P4 Frocessor -·19.7 x cec CYBE~ 7G/73 

Co~pliance with these oOjectives will be ceter~l~ej by the 
executIon time of the S:-IL Pi;CFILE kernels· listed In. the 
E~vlronmcnts and Workloads Speclflc2tior.. 
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--------------------------------------------------------------------

--------------------------------------------------------------------

:. :s..'!~.:1::_'__1al!..:_!!:j! ~'=2;lS that a fault has 'occurred Hhlch 
c~ev~r!~ f~~ syste~ fr0~ croduclng any acceptable Hork. Hum~n 
i~T5-~e~rior is r~uy!rc~ to returr the sy~teffi' to· an operatIonal 

~..±~.:1.:3~j""lji.:>~~v.::icZ_j~~.LJ..S.~~l~i:!I1lEl is def Ined . as 
tr;.:; !"lea;": tJ.:7lZ C€::tn€2n ;'b;;._~.!3cl. of succ~ssivt! System fal lures. 
r~is 7~~~ ti:e i~ciuc~5 op~rationaJ tIme and al J system down time 

~!~~~;!~gt~1~:~r~~1h!a!!~;:~ t~n~!~C~~~91~:~ s~:~:. re~~~er~~~t~: 
~-~ s~~t~c ~n ~0U~$. 

T~e ~oJectives :cr The System MTBF for systems S~-S4 are shown 
:::~lcl'lo. 7r.~ o:)l<-c'!'ives ar:t.= specl11e.d at reLease and durIng t~o 
~~rl:cs ~tter. r~le2se. Release ot)~ctlves shat I be measured by 
:~sT F:s~ :V of MIL-sr~-781E, 11-15-E7. Release Is the flrs1 
$~~::~nt TO a ~ayins cvstc~2r. 

S2 

S1 

32 

S3 

Tnes-=­
~T2F1fs as 

Mea~ Ourlrg Mean Duri~9 
El~sl_1~t2U1bS lblc2~~~ 

isa 400 

150 375 

1'-0 320 

luG 150 385 

95 130 340 

ObjectIves 2ie based or the Inherent hard~are systerr 
e5tl~ateo oy ~Gthe~aticai modeling technIques. The 
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cur~es In Appendix F have been InclYceC tor reference. 

8.1.2 HAROMAHE MTGF OBJECTIVES 

The haroware corrponents 01 the syst~~ MTSF o~lectlv~~ a~e 
tabulated beluw. The tlgures 
math~mdtlcal Iy calculated HTEF·s 
inherent HTBF for ~U-S2 and 22.5%, 
are lncl uded for inform3t ion cnl y. 

in odr~nth~s~~ ~~e ~~~ 
based ~n 3-J%, ~OZ an: 55% 0: 

3iJJ. ena 55% fer 33-S4; 'rhf;')' 

Mean C~rin9 rean Ouring 
El~~1_1~C2n1b~ IbLcQ~~~= 

so 300 (310) 350 (370) E:oJ {57;) 

S.1. 300 (250) 350 l330) 000 (~5D) 

S2 250 (180) s~o (34~) 

S3 300 (330) "uO (450) 75u (7"Cl 

S4 ;:SO (2,,0) 325 (280) &SO (530) 

8.1.3 SOFTWARE HTBF OBJECTIVES 

The operating 
tabvlnted beloH. 
::jSS umot 1 ens: 

system 
Thes~ 

co~ponents of syste~ 
a;e ~~lLE~l~~ bosed 

MT~F ooJ~=tlv~s a~e 
on th~ 101 Jc"j,j\; 

MTBF Is measured in a user envlro~~ent, net by de~e:c~~~rt 
str~ss-testlng. 

- The sc~e basic soft~are Syst~~ Is U~~d throu3hou~, ~i!r. 

onl y valid2ted DUg fixes added. 

There is ro radical chang" in the na~ure 01 the use-'s 
production workloao. 

The fIgures In par~nth~ses are estimates of the sysre~'s ~TcF 

in d d2ve looment test envlron~ent. The thlr~ yea~ figures are 
omItted because feature en~ance~ent Is the expecre~ ~ode 0: 
system evolution. 
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5.!.3 SCF ~,~~ KTSF CaJ~CrIVES 

15C (l.l.2.51 

51 

S2 

15G '12.2.51 

~ean During 
.e..z-L;..a~~L1.w.- l.bl~r~3_!: 

262 (250) 1000 

262 (250) 1000 

2&2 (230) 900 

2"0 (21(;) 

225 (:75) 700 

T~~se figures represent oblectives tor a performance O.S. 
v;:-i;;nt. F~.d i featL'e variant r.ot to degrude more than iO/.. 

5~.2.1 SYSTEM hVAILA3lLITY 

~~o.~.2l'1:::L.Lli:~ 
1 = ~ed~ :i~~ 8eT~een System Failures 

o 

c 

Mezn TIme to Repair (~TTR) + 
Mean Tine tc qecove~ + 
Xean Hait jl~e + 
PrB'Jef"li Ive ~aln~ena;"'\ce (PM) .. 

~~~r. T!~~ to R~~~~~ 1s the rrean re-run time necessary to 
r~ivrn ~he syste~ to its orIginal state and the jobs It 
~cs ~xec~ti~9 to their c~191r.al state. 

.r~-.!i...ti~ Ti.;::,.!i is th~ :r,~a:1 time It tak9S for an 
to oe cac~ avalfabie to address the fault. 
~xc~~iion of software faults thIs tIme estlmated 
~_o ... r • 

engIneer 
Wlth the 

as one 

Ec~y~~:l~~~~lQ1fCaO~~ Is ~r~ sch~duled malntenar,ce where 
ccrc~r~e~t c~intenarce Is assumed to reduce system 
s~21 Is:illty by the 2~ount of system resource requIred. 

Ccl~crl~es f~r System AvailabilIty for systems SO-S4 are shewn 
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8.0 R~llA~IlITY OBJECTI~ES 
8.2.1 SYSTEM AVAILABILITY 

7o/US/!.i} 

beloh. The time perIods are those used for the Sys~e~ ~IEF 
obj ectives • 

Mean During 
El c..',,L 1 L~ Q,Q.1.bs. 

.~15 

M>2a:1 Durlr.; 
·1.blr:L1~.ar: 

Note: Ceflnltions In this 5~ction hcve be~n C:-"2nn fro::: the C30SZr'" 
entitl"d "AvailabIlity" by P • ..,. Cc:-an,1l126/73. 

8.2.2 ACCEPTANCE AVAILABILITY 

When 2 system is. undergcing acceptance ~estin9' avallaoility 
Is cefin~d using ciff~r~nt assumotlcr.s; 

o Softwar~ MTBF uDproximd1es that of devetoD~ent test rath~r 
tnan user environment (see SEction 3.1".3). 

Chjcctive::; 
shown below. 
Int~rvals. 

.S8 

for Acc~ptilr,ce AV~lilubiilty 

They ap~ly to discrete 

.985 

The guldel!nes for total costs tor R~S fect~res fer a sive~ 
SYS t em w 11 I be 15% 0 f h3rdwdre MLS and .3 31. p car f or~ance i:::oact ct" 
O.S. software (beth ~lthl~ cost/perfor~ance objectives). 
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i~~ SCCCe of r~Jiablllty Is to reduce fai1ure rates of 
n~;:~~;t a;,~· soft~Er€t and ~inlrrize co~ponent faults frc~ 
::~~oo!r:., "Je""n7 ar:" syste!:1 falJ'~res. Socci/leally, relIabIlIty 
i~ ~~!i~~: as :rev~ntirs The occurrence or propagation of 
err:~s. ~~ii5~iliry t~at~.es shoulc includet 

?h~iry cn~c~ing on major aa~a paths~ address paths, 
cna~r.eJs1 re91$t~rs and 

Erro~ sta!LS reglst~rs. 

Ti=~-O~T ~echanlsrn5 to provide continuous operation cf 
Sysj~~ t~cifi:les. 

A Y~11cdrlon check of disk hrlte posItIonIng. 

ChECksyn tec~niQues fQr key system. tabf~s. 

Tjl-e ~~e:J':;tar-t precess to include confidence tevel tests 
r~n ag21~5t critIcal SY5te~ ccrr-ponents. 

~ct~c~~ o~ forcing cc~citlons so that checks can ~e mace 
o! t~~ r~ll~~lli~Y circuItry. 

;v~lt201tlty Is defined as prcviding alternate paths around 
~c!ii~9 or f~il~c $ysterw fu~ct!o~a' co~por.ents to ~lnlmlze l~pact 

~~ 2 ~u~"lng orod~ctio~ syste~. Aval la~llity features should 
l~~;,..;.je: 

C~;,;:clLi.ty to "fault" oortlor.s of the cache buffer and map 
c'.,d t P"'. 

;i:e cr-:-sence of anothe:'"' processor on systeil':$ to ensure 
re~cvery 1ro~ a falled CPU. 

S~C/CEJ l~oler.e~tec en main rremory. 

~ Co~blnJtion of h2rdware and software techniques to be 
L5~C to r~try fsilinS l~s~ruction setup. 

of user S'J;Jpllec reco"",ery alg:lrlthms after 
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Reconflquratlon by a co~binatlon of nard~a~e a~~ scf~~6re 

technIques follohlng faIlures, auto0ated as fer as 
possible .. 

Use of motor generator sets. as a cus'o~e~ octlc~ 
decr~":~$e :::;el1siti'lity to CO~;:'H:rci2J ~o"e •• 

Recovery facilIties beth at ihe individual j~o a:-:d at the 
system leve:, such tnat 
r~-~stdol1shec after a systerr 

8.3.3 SE~VLC~AeILITY 

the cnvj~c~~e~' 

f31ft..re. 

Servic~abillty IS d~flne~ as the ef~~c7iv~~ess of e,rc~ 
Iso letlon" ard malntenanc~ SUODort. S,,!rvir::e2bil i':'Y f-?atl.J;,,",~::;' 

shculo Inclvd~: 

Error signals wnich local lze !aults. 

MIcro-program control of instruction exccutlo~. 
~ 

~lnl!ille the numter"' of l'i'o~ule types nit!1 21! Il-~~ ~,ccu!.:::s 

,tully Interchangeable ana replac<!ebl'? .,.,h..:-r. cOrt"er: ls C~. 

Design IPL 
malntena.nce 
oper.st Lor.. 

Kaintenarce Services to at 1·.01'1 h-3r::"'-G:""'s 
to be perform~o concurrent ~lt~ custc:""'~r 

A mairtenance D3nel to provide the 10! Jo~in3 caoatilltie~: 
Syste~ m~ster clear button 
Syst~rr aeuc~tert button 
Fault lr.dicator 
Power fault indlcato~ 
Cuor lng faul t incicator" 
Programmable audIo aJ2r~ 

Not to reQuire a dedicated maintenance console. 

Alloh an in~ut/ovtput device to be cO~D'e1ely dejl~ate~ ~c 

maIntenance usage for l~ltial ~lcro ecCe Icad~ ~~cr= 
oiagnost i(:s, micro oumas, etc. 

Privileged operational modas To al IOh· t~a 
service facilities, under oro gran ctintrol, 
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L0931n9 of translenJ and permanent faults. LoggIng of 
deacsta~t r€co~ery conditIons. 

A' s~sle~stlc set of ~ia9nostLcs aImed at Isolating 95% of 
jh~ fo~!t~ to three cr j~ss replaceable modules and gOy' tc 
on~ ::;cout~. 

Re Ilpcuish a II but 
conc~rrent on~ilne 

a mlnlr.'It...!ffi of 
l:Iaintenance as 

r~r.=lnl~g co~ponents to dedicated 
withowT 1051n; "system state~'. 

system components to 
neeced. Reilnauish 
on-line malnteranc2 

~~~~~~ access to those facliities under 04S. control 
~~icn ia~ be usee 'or routIne hardware and software 
:r:al;;TEnZr1C€. 
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--------------------------------~-----------------------------------
9.0 PRCGRA~ ASSUMPTICNS 

--------------------------------------------------------------------

SYSTEM 
MODELS .. 

so Sl S2 S3 S4 

------+-------+-------+-------+---------
Auerbach Lease 
R3n~e Category 

Z5-18KIS13-37Kli25-51KIZ4~-88KIS7&-152~ 

First Customer 
ShIpment 

Las t t orec asted 
Shipment 

Number 0 f 
Systems 

10.80 

2HB4 

68 a 

40.79 

lH85 

400 

11(;,,\0 11H81 :ZH32 
I 

1 I 
12~88 ; 2!-io9 11Hga 

1325 :180 :60 

Constraints imposed on the IPL program Incluce: 

Interface to COC and NCR nethorks. 

l:se of 
versions 
include: 

exist Ing 
of the SO., 

NCR-CRITERION hardware 
Sl ana 1/0 subsystem. 

CRITE~ICN Processor 
ITE 
OMA-HUX 
Integrated Communications Adapter 
Integratec·Dlsk Controller 
Integrated Memory 

for in i ~ i c I 
COr.!;:)cnents 

Db] ectlves 
constraInt. 

cependent .on Pi ana 
In particular, all 

IOSS are affected by this 
malnfrarr.e ele~e~ts ar~ 

DRAFT r:CK/CJC FR:!.VA~E 

:2 

'? 
1D 
11 
12 
13 

21 
c2 
23 

25 
20 
27 

.31 

7 
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7&/05/10 
:3L A~CMITECTUR.L DESIGN AND CONTROL --------------------------------------------------------------------

--------------------------------------------------------------------
·constrained to be synchronous to a 5& nsec clock. 

Use of exIsting soft~are design, Interfaces and products 
inc'udi n3: 

cec STA~ COBOL/NCR VRX COBOL 
cee 
c.cc 

FCRT?t..!~ 5 
!loiEF!/U?JATE 

Use of CENTURY dla3nostlcs for maintenance of CENTURY 
ceri~h~rals (in~t!cl IPL configurations). 

Hust regularly provide d~sign information to standalone 
e~vlatlon projects using IPL components. 

DRAFT NCR/CDC PRIVATE 

1 
2 
3 
4 
5 
& 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1& 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2& 
27 
28 
29 
30 
~1 
32 
33 
34 
35 
~& 

37 
:!8 
39 
40 
41 
42 
43 
44 
45 
4& 
47 
48 

IPL ARCHITECTURAL OeJECTIVES 
·7&/05/10 .. 

ASL ARCHITECTURAL DESIGN AND CONTROL 
-------.---------------------------.----------------------------------
10.0 OBJJ:.CTlVES UNDER CCNSrOEt<ATION 

----------------------------------------------------------~---------

APL and PL/l are not planned for the Initial IFL Proouct S€t 
offering. 

Dynsrr.ic automatic m~mory reco~flgurab!llty fer fall ~ott 

recovery. 

Remot~ operdtor system Inltlaliz~tlon. 

DBMS Data Access from PLl 

The fol lowing main memory products are 
considered for IPL systems: 

eein::; actively 

MOA.- Sarna general capabllItl~s as MO with a capacity of 2KS 
to 8MS. 

M2A - Same general capabilities as M2 with a capacity of 4~E 

to l&MB. 

M3A - Same general capabilities as M3 with a capacity of 15~S 
to 32MB. 

A P5/M5 system may be reoulred In later IPL systems. 

CVB£R 170 PPU hardware emulation. 

Functional component releases in binary or source for~ must be 
provided wIth the attendart capabilIty of a user to aucmert his 
system with the compcnent without a complete system gene;aticn. 

DRAFT t,CR/CDC PRIVATE:· 

2. 

S 
& 
7 
5 
9 

. .... 

14 
::"5 
:5 
17 
18 
19 
2!l 
,1 
22 
z:: 
24 
25 
25 
2·7 
25 

31. 
32 
33 
~4 

~5 

37 
38 



10-2 
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7&/05/10 
ASL A;":~r.Ir~CTt.:p.AL DC:SIGt; AND ceNTROL 

lG.u v~Jc:CiIVES UNOE~ CONSIDERATION 

As 3 re5ul~ 01 furctlonal releases, th system wIll contaIn a 
vari= y of c~r:;pone:'lt$ at various reJe se levels. MaIntenance 
p~~ct c~s =~st ce revisec in accord nee with thls new 
en.;ir ~:tent. 

DRAFT NCR/CDC PRIVATE 

1 
.2 
3 
4 
5 
& 
'7 
8 
9 

10 
11 
12 
1J 
14 
15 
1& 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2& 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3& 
~7. 

~8 

~9 
40 
41 
42 
43 
44 
45 
4& 
47 
1t8 
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76/115/10 
ASL ARCHITECTURAL DESIGN AND CONTROL 
------------------------------------~-------------------------------
11.0 OOJEcrIV£~ OF LOHEST PRIORITY 

Interface to IBM System Network ArchItecture unless ar 
I ntegra I par t 0 f parent' s ne twork archi tecture. 

Emulation of IBM 370 processors. 

CompatibilIty with existing parent's operator to O.S. 
Interlaces. 

ALGOL and RPG, whl~h have been st~ndard offerlnos of ore 
or both of the PClrents prior product I ioes. .ere to be 
excluded from the IPL Product Set. 

25&K oytes of central rremory as a minimum me~ory 

~onfiguration reQulr~ment. 

Emulation of NCR language virtual ~achines. 

Full DOD security ~ompliance. 

DRAFT NCR/CDC PRIVATE 

! 
2 

s 

: 

3 

5 
:; 
7 

! 
;: 
:: 

'3 
o 

2 
3 
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~~Ch!1 EC1'U?.Al 08J;::CTIV;::S 

70/05/10 
:'~:Cz.:!T=:CTt,.;:;AL DESIGN AND CONTROL· 

The appendices r~present the most recent development 
objectives of t~e program. The data~1 In these appendices Is 
suoj~ct to revisicn, revIew 8nd approvai Indepencent of th1C fu II 
~r=hirectural Ooj~c11ves dOCU~Bnt. 

lL.l.1 OEVElOP"ENT CCST OBJECTIVES 

See IFl ~ro9ra~ Plan 

12.1.2 INSTALLATICN AND MAINTENANCE COST OBJECTIVES 

E"'~~csl$ ilill be olaced on ease of installation includIng 
03ra~~TE~S s~ch as: 

1.} Fhysica'i intercOrlr'lec-tablllty 
2) Environmental requirements 

10 ~he end ~f red~cing Installation costs. 

Tr.~ "ont~!y maintenance cost Incurred by the supportIng field 
s~r'Jic? organization !;lust not exceed the following levels 
[ex~ressed as a oercentage of MLB) for IPL maInframe elements 
(~e~lpn~rai equlp=enf excluded): 

lJRAFi NCRICDC PRIVATE 

1 
2 
3 
4 
5 
[, 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
~o 

31 
32 
33 
34 
~5 

30 
37 " 
38 
~9 

40 
41 
42 
43 
44 
45 
40 
47 
48 
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76/05/10 
ASL ARCHITECTURAL DESIGN AND CCt-.TROL --------------------------------------------------------------------
12.0 AFFENOICES 
12.1.2.1 Hardware 
--------------------------------------------------------------------

MaInframe Ll f e Cycle Second Year 
Sys te m Average Monthly Monthly Malnt~nance 
1:1.!;~..tl 1:!.aln.1illliUl~.!;U~Q~ 1 1&~L.QQ1!!~.ti~ 

so .9f. .91. 

51 .8 Y. .81. 

S2 .05Y. .71. 

S3 .SY. .01. 

S4 .4Y. .51. 

These costs ~re defIned to Include both the direct cost of 
maintaining the ecuipment an"d the allocation of various· lr.ci:-ect 
costs, as foilowsl 

DIrect Costs include the 
ca t e S ory: 

fol lowing labor, travel and Darts 

Remedial M3intenance labor 
Preventive Maintenance labor 
AssocIated Recair Libor 
Consumable Parts 
Rework of Replaceable Modules 
Trave I T Im~ and Expenses (for f lei d service personne 11 

IndIrect costs Include the alloe"atlon of the followIng expense 
categories: 

TrainIng (for field service personnel) 
Tools and Test Equipment 
Spare Parts Inventory 
Dia9nostic Software ~alntenance and Distribution 
Field Retrcflts (field/englneering change orc2rs) 
Home Office 5uDPort 

Installability features will emphasIze: 

1) Simple. fIeld O:S. In,tallatlcn secuence 

DRAFT NCRICOC PRIVATE 

1 
2 

5 
:; 
7 
5 

10 
11 
12 . 
13 

15 
10: 
17 
lB 
!S 
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76/05/10 . 
ASL ARCHItECTURAL DESIGN AHO CONTROL --------------------------------------------------------------------
12.:j ~FFc;Hn::c::s 

'l2.:.2.2 SofTrlare 

2) &uto=~'ed or semi auto~atedconflguratlon definition. 

t~ 'tne end ofreaucing Installation costs. 

The esTI~aTes oelcw reflect saftw2re malnten~nce costs for the 
fl~$t 5-years fol Jowing r~lease.· These estimates are based on 
j~e fel lowio9 assu~~tlons: 

SO-51 CLASS 
UCR EX? , IPL EST. 

I 
52-54 CLASS I 

CDC EXP. I IPL EST. - _____________ + __________ + __________ + __________ t ______ --+ 
I I 

Cost TO fix S~100 I ~500 $675 $500 I 
C~-2 t:ug I I 

I I 

--------------t----------?----------t----------+--------+ 
2\JSs- :::er 
c'...;st!)C'er 
iI:Cr"'Jtr. 

- 1st yea:-
I 
t· 

na 1 

I 
I 
I 
I 
I 
I, 

na 2 

--------------+----------+----------~----------+--------+ 
1 

- 10110,,1n9 .S 1.5 2 1 
I 

--------------+----------+----------+----------+--------+ 

DRAFT . NCR/CDC PRIVATE 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 

,18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
43 

. 44 
45 
46 
47 
48 
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ASk ARCHITECTURAL DESIGN AND CONTROL 76/Q5/1a 

~;~~-~;;~~~;~~;---------------~-------------------------------------
1~.1.2.2 Software 
.------------------------------------------------~-------------------

SOFTWARE HAI~TENA~CE COSTS 

YEAR 1 1980 ; 1961 ; 1962 I 1983 : 1984 
I I I I : I 

--------------+------+------+------+------+------+ 
I I I 

Numb"r systems I I 
shlp~ed I j' 

SO-S1 
S2-S4 

"maIntenance" 
cost In 
m! I lions 

I I 
I 240 250 I 21f0 
I 25 7u I 95 

Sl.8 

DRAFT 

21U 
90 

S5.7 

lOO 
75 

S6.0 

XCrVCDC PRIV ArE 

2 

4 
5 
5 
7 
e. 
s 

12 
:'3 
14 
15 
15 
17 
:'0 
::'9 
2Q 

27 

45 



!~~ ~~:rrr£CTURAL CEJECTIVES 
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~~L ~2CH:T~~TCRAL D~SIGK AND CO~7ROL --------------------------------------------------------------------
12.J :'P?::NCICES 
12.2 A??E~JIX 9 - PERIP~ERALS --------------------------------------------------------------------

To De uDdated In accordance with CDC/NCR peripheral device 
su;:;;crt task. terce -

DRAFT NCR/CDC PRIVATE 

1 
2 
3' 
4 
5 
6 

.7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

. 18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

12-5 
IPL ARCHITECTURAL OBJECTIVES 

75/05/1;:; 
ASL ARCHITECTURAL UESIGN AND CDN7RDL 
--------------------------------------------------------------------
12.0 APPENUICES 
12.3 APPENDIX C - STANDARDS 
---------------------~----------------------------------------------

IPL systems will com:lly with the follo>lino stancar-ds. The 
objectIve Is to be fully c01:lpliant. Deviation ><al"ers will ::2 
reQu.sted on a product by product basis. 

DRAFT NCR/CDC PRIVAiE 

1 
2 

T 
S 

'" 10 

.12 

14 
13 
15 
17 

22 

32 

37 

41 
42 



CO:7'.~ 1 i~:1ce Pl.:!~:-.. c::ij 
JNT or Applicable O?ci.on I , 

Title Industry No. NCR No. CDC No. Standard Selected 

. I r C2 :2Qa~\." - COD:::S 

I I 
. . 

Code for Ir..forr.:ation Interchange X3'.4-1968 . 
I . 
I l:olc-r'£.th Pu::chcd C~rd Code X3.26-1970 

I 
. 

: I f T- 1 ~-r.:'~--+-i of the Code for Information I _ ... p _<.;."~ •• ~,''-~ on ~ I 

Ir.:c::-ch~n;G and R~lated Hedia Standards FIPS pun 7 I I 
" . I S:':~S(;ts o[ t:~:c St.:.ndard Code for Information 

i r" j. o:-r~ .. ~ ~~ rl r"I PIPS pun 15 L 10. 003 . "'- ." """ .... - ....... ~~ .. ~. t.,; t,; 
I ! 

I ! I , 
6 3:;d 7 ~it Coded Character Sets for Information ! 

I 
, 

ISO 6l!6-1973 ' ' 
P::-cct2ssi~g I-.:tcl"cllar.gc 

C'~r1 r. - , 'Tcc t!l'!iqucs for Usc with the ISO .t.xtC:-:S:O:1 ! .................. 

I 7-3it Ceded Cil.:.ractcr Set ISO 2022-1973 . 
! . I i 

Gr~Dhic Rcprcs en t:l t io!'l for the ',Cont rol Characters . 
! 

~ -'-'- the E c~·::\. 7-Ei.c Coocd Chnracter Set for 
~:1:0:-;::": t ion In:crc;;~!1gc ECHA 17-1968 

. ' 
.! .. : F:: ii ~ \''-"71 e ric C:~3rnctcr Set fot" 7'.:\.9 Hntrix Printers ECNA 42-1973 " I I 

, I . 
C::.tCP8t'V - :.'.E t: LED ;. !:\ c·; r::TI C TJ\PE llEDIA . 

?:2ca:-d~J for In for:-:1.J.tion i . 
l~~.::~:~~ctic 1.11'e Interchange 

I 
I 

(200 Ci·, ') ~ ".'~ - '\ X3.14-1972 1.10.013 I . ~) .\ ;'.L,. J. ) 

I 

I 
. . 

Rccor':lcd !-!.::. g t~ C tic Tape for Information Interchange. 
(300 C'-I ·.':QT) X3.22-1973 1.1O.OO~ .. - > ,,\ .. ~ 

I 
. 

F .. 2CO:='-C cd '!-1::sr~2tic Tc. ~>.::! for I11forG1(1tion Interchange 
(1600 '"'"J- Phase Coded) X3.::9-1973 1.10.006 l,.. ... .L) i ., j 

: ~ 
,. I 

" . I 
! -



Title 

C':::::2PO::-V - ?~CGR:\~'~':n:G LAl,GUAGES 

C::=:.:::,::" Business Oric.1tcd Langu:1Gc (COBOL) 

I~~~s[=ial Cc~pu::er System fo~tran Procedures for 
:::.:.::::::~:::. '.Ie: Fur,(: ions ,,-nd :.~ roc os s Ir,pu t-Ou t pu t 

O?:::?""'.TI::G SYSTn~S 

~~g~ctic Tape Labels for Information Interchange 

~':::Z~ctic Tape Error Detection and Recovery 

$::"S:::2:1 Error Recovery for: Rotating !-1.:1ss, Storage 

~c?=cscnt~tion fqr Calendar Date Bnd Ordinal Date 

2:::.::.:-.,~.::.::j ;:'2t2 CO:l',:::t:'licati.on Chunncl Control 

U~C c~ Lo~gitu~in21 Parity to Detect Errors in 
:~~or~a:::io~ ~e5s2ges 

JNT or 
Industry No. 

X3 . 23- 19 7 Lf 

FIPS PUB 21-1 

X3.9-1976 

ISA S61-1-1972 

. X3. 27 -19 7 5 

: : 

X3.30:-1971 

ISO 1155-1973 

NCR No. CDC No. 

i : 

1. 87.002 

1.87.004 

1. 87.005 
, . 

1.10.002 

Comrli~GC2 Pl~nncd I 
Applicable Op~ion I . 
Standard Sel~ct2d ! 

, I 

.-

. : 

, ; 

I ' :I 

I 

I 
,I 

I, 

I 

.1 
I 

I 
I 
I 
i 
1 
i 



Title 

Easic ~~de Contr01 Procedures - Conversational 
I !1£0:::::.1 t ion }fcs sage T r.:ms fer 

C~de I~dcpe~~cnt Information Transfer 

Eigh-Le:ve:l D.J.~':l Link Central Pl'occdures (HDLC) -

. 
-1??lic2tio!1 G~idelincs 

'I'e:::?2::atu::-c, Eu:::idity and Barometric Pressure 
.Tem?e~a:urc, Eumidity 

. Tr3r~s icnts 

Lco~stiC.11 ~oisc 

i/ibr~:io:1 ~r-,(l Shoclc .. Design Criteria 
Vib=aticn and Shock Pac~aging Criteria 

-""'/~~~ (~ "b'l">- ) -"'. "I ...... t ".'l;::;C0~t' 1 , 'y - .. - -'-- ..... """'~ ..... ,..., .... -_ .... 
?· ........ ·-.:ro~l C~-:-"': ........ r-~-~sr-.: ..... s _ .... ;.:>_ ..... <..;;. ... _ .... t"..\,.. .... \,; __ ....... \,.. 

~es~ Co~e far t~Q ~casurc~ent of t1,n Airborne Noise 

JNl' or 
Industry No. 

ISO' 2629-1973 

ECHA. 24-1969 

""ISO 3309.2-
1975 

NCR No. CDC No. 

7-04-01 

1.03.201 

JNT-STD31-01 2-11-01 I 1. 03.202 

2-11-02 

JNT-STD 31-03 2-11-08 

':'JNT-STD 

LJNT-STD 31-05 *2-11-03 
f::JNT-STD 31-10 
I I JNT-STD' :H-06 

JNT-STD 31-07 *2-11-04 

JNT-STD 31-08 2-11-09 
JNT-STD 31-09 

'1'.03.207 

1.30.022 

1.20.007 

1.03.203 
1.03.203'. 

1.03.205 

1. 03.206 

1.30.022 
1.03.209 

.- ...... ~.,.: 1· ... ~~.,. ..... :~'"' T;':"~r"·:,,"'1 i.~··,..\..o!··".,.\1 TSOR1.630·1970 

Applicable 
Stands. ro 

Option I 
S.electcd I 

I 

I ' 
I I . 

I ; 
i: II 

1< . I 



IN'£ or APP1iCOb~;'I'~;~~~~ """"~~I 
__ ~ ________________ ~T~i~t~l~e~ __________________ ~ __ I"~I~n~d~u~s~t~r~Y_"~No·;~'~r~N~C~R~N~o~'-r~C~D~C~N~o~. __ ~~~S~t~n~n~c~a~r~d __ ~l~s~~~l~e~c~t~e~d-+ ____ ~1 

":ero::-v - GE:~;ER."\L DESIGN 

~~c~ent QU31i[icacion 
;:ic('ccir~cuit Quz:lificCltion JNT-STD 3[1- J1 

1. 03.002 

1.03.003 

1.03.006 

cific~tio~s 1.03.007 

'c:ci£ic3:::ions ro:: ~'inishing Vendors ll.::!ndbook 1.03.100 

:-C=-i;ct ·Safety, DC:5ign ~nd Cc:ctification JNT-STD 35-01 3-02-11 1.30.003 

", 

1.20.008 

:~du5:::ial Design 

:~ysiCi!l Units anu Co;;;pn::-isons 1.20.031 

~~er31 D2~ign SC3ndard for Electronic Power 
1.30.001 

~~c:y CQlo~ Ceding of Flexible Cords JNT-STD 35-·02 1.30.005 

of Hires. and C.:lbles 1.30.005 

"I 

I 

" 

I 

" 



Title 

C~:'le Clz.ssificatiou·<1nd H<1rking 

Co=?~:c: ~nd Pcripher<11 Equipment Design 
;:~~St:i rC!:::~~ts 

~lec:~c~agnccic C02patibility Design Guide 

C::J::?utc:- G:::-ounding T!lcory Design Guide Handbook 

E::-~C ?2:::-fo:r:::;!nce P.cqui re",cnts 2nel Tes t l1ethods 

Jigi:al Cc=?~te= SystCG Crounding 

JO:':1t Glcssn::y 0: TcchnicJ.l Tcrn1s 
. -, 

G=a?hic SyGbols for Logic Diagrams 

C ~· . onr::..gurntl.on Identification ond Control 

Docu~cntEltion Requirements 

':';:;::-::;inolozy fa;: R.::::crencir.g i\r:lcrican N.::.tional 

G;:;::;?::ic S:;w.:~ols £0:- Electrical and Electronic 

JNT or 
Industry No. 

JNT-STD 10-03 

NCR No. 

. 

JNT-STD 3.2-·01 2-04-02 

J:t-.TT-STD 32-02 2-04-01 

, 
; 

I 

CDC No. 

1.30.008 

1.30.011 

1.30.020 

1.30,021 

1.30.022 

1. 30;021.1-

1. 01. 006 

1. 41.104 

1. 01. Oq4 

1. 01. 007 
I 

1. 01. 008 , 

1.41.1Ql 

COMnli~~ce P12~~2d I' 
Applicable Option I 
Standard Selected - I 

. 

: : 

: 

i 

I 

. 
l 

i 

i 
I 

< 

.. , 
, 



_ .......... - -- - -- -
JNT or. 1 Applicable IOPtiO~ Title Industrv·No. NCR No. CDC No. St::.ndard ,Selected 

, I 

::2:e!"c~c~ De: $ i g:-::lt i ens for Electrical and I 
Elec :'ro~ic Parts and Equipment 1.41.102 

I ! 

Proct.:c-t Support 2'~~nu31s '. 1.50.001 ! 
1 '. 
~ 

" , Flcricha::: SF-,Dols a:-:.d Usage X3.5-1970 1.80.003 
: -. . . , : 2':icrocircui: H2ndtook 15006100 i , , 

i 1.01.103 ; I - ~ D.c:velopr::cnc Docur.".ent I ~c :t~"are 
, 
I ~:.s 1.01.104 . 
I 

! 

::::;s . ! 1. 01.105 : I 

, 
: 

, 
'\:"' rl':- "- J 1 - """' ...... Idcntific<Jtion • I. 1 .. 01·101' ,","",,"-";""";"Oit..:;. 

Controlware Identification & Control 10010102 
"" : . 

; 

! : , , 
.. ' ! 

. ; 
I 
I . . . , 

: \ I 
I . , < i . 

". , \ . . 
. . . 

: 

I ; ; 

'. ; . ; 
, 

; 

: : , 
1 . , 

. . 
I .. 

: ; 
: 1 

I . , : ; 

I . : 
I 
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--------------------------------------------------------------------
:2.~ ;F~~~CIX C - CONFIGURATIONS --------------------------------------------------------------------

ire confl;urations assu~ptlons and component characteristIcs 
A,~~~ ~sed 2$ th2 ~a5e to calculate th~ ~AS 9bj~ctles, Pe~formance 
C=je~71v~s, en~ Cost O~)ectives. 

The syste~ ccnfisurations sho~n are reoresentative 
~yste~s. Cptl~al ccnfiguratlon for each installatIon, as 
a :uncr-ion of its acpllcation envIronment, may deviate 
s19nific~ntfy fro~ the typIcal system. 

Cnly ~~~·r.aintra~e syste~ conflguratlonS,are lncluded 
at ~nis time, ,""Itl-mainframe configuratIons wIll be 

a>jcec. 

N~h ceripheral products, e.g., 
r~n-l~ca t printer, helical 
~"ncr-f,e C. will oe Included 
b~co~e t :"';1':. 

DRAFT 

MoSS Storoge Subsystem, 
scon topes, swopplrg 
as design s~eciflcot)ons 

NCR/CDC PRIVATE 
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6 
7. 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
20 
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~;~~-~;;~~;~~~;-----------------------------------------------------
12.4.1 SYSTEM CONFIGURATIONS --------------------------------------------------------------------

12.4.1 SYST~M CONFIGURATIONS 

:--------------------------------------------------------~----+? 

I SO SYSTE~ ; 

+-----------------------------+---------++---------.+---------! 
I ; J: I: 
IMAJOR COMPONENT I J ENTRY 11 MEDIUM I I LARGE: 

;-----------------------------~---------~~---------~~---------! 
,Pi Processor I 1 II 1 II- 1 
IM1 Me~ory I 512KB II iMe II 2~2 

IDdTa Module Disk Urive I 2 So. II 6 So. II 10 S~. 

150Ips Tape DrIve 0 II II 
1600cprr Card Reacer 1 II: 3 
1600lom Line Printer 1 1: A ;~ ~ 
190Ulpm Line Prir.ter 0 11 -~ 11 2 

: -

ICommunication Unes I 2 II 4 II & 

;--------~--------------------+---------++---------.+---------! 
, I II II 
ISUPPORTING CUHPCNENT I ENTRY I :1 MEOIUM It LAR.GE 

: : I J: • 

~~;-;~~~: ~~~~- ----------.------ ~ ----~----; ~----~----; ;--------- ~ 
IFI€xlt:le Disk 1 II 1 II 1 
ICon50le W/CRI, P~lnter 1 I; 1 1 
I Integrated Dlsk Cor.trol I er 1 II 1 -:: ~ 
rTapeController(50ips) 0 II 1 II 1 
ISerlal Channel Adapter 1- II 1 
INetwork Interface 1 II 1 

+-----------------------------+---------!!----~----!~----~----! 

DRAFT 

2 

£:; 

i 
5 

G 
1 
2 

15 

1.7 

22 
23 
2; 
25 
20 
27 
28 
ZS 

3: 

40 
41 
:.2 
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~--------------------------------------------~----------------+ 
S1 SYSTEI': 

+------------------------~----+---------++-----~---++---------+ 
'" II II I 

:t:A..JCR. CC~Po:;:::tlT ENTRY II MEDIUM II LARGE I 
II II I 

+--___________________________ ~---------+f---------++---------+ 

I?: ?-oc<.?sscr II 2 II 4 I 
: ,,: 1':'2r.~rf II 1.5MB 114MB I 
~:=.;o :--:~o~te "'sisk Drive 11 0 So. 'I 12 Sp. I 
I:::-<:yt<: GIs", II 1 SP. II 2 Sp. 
:2~~iosTcij:eDrive :: 3 11 '+ 
:6JCc~~ Caro Reacer 
:0~wtp~ Line Prlrter 
:2::~!o~ Line PrInter 
;CC=~~~lc37ion 'lInes 

II 
II 
I! 
II 

1 
2 
o 

10 

.. , , 
II 
II 
II 

1 
1 
1 

20 

+--------------------~--------+---------y+---------++- --------+ 
" II II I 

25~??O~rl;.G CCM?C~E~T ENTRY If MEDIUM ~J LARGE 1 
II : J I 

+----------------~------------+---------++---------+~---------+ 
I IeAI II 2 I I 12 I 
IS" ;:ro~essor I II 2 II 2 .1 
IFI"xi::l" Dlsy. II 2 II 2 I 
:";:"-sol" ,i/i.::::T,Prlnter II 1 II 2 
;Irte=:-.at-e:cGis;.-;Controller I: 1 II 0 
!Ji::.~ C·:)rrf"oller II 1 1: it 
:!a:;e Cuiltroli€r (200 Ips) II 1 II 2 
:S.arlalCt'lcrnefAd-:=cter 11 1 II 3 
ICc~"'. ConTro II ",r (2G lines) I: 1 II 1 

+-----------------------------+---------++---------+~---------+ 

:~ Cverla~s the SO range, 
no"f ceflnec. 

II 
II 
II 

II 
II 
II 

:; I: 
+-----------------------------+---------++---------++---------+ 
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25 
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29 
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12.0 APPENDICES 
12.4.1.j ~2 System 

+-------------------------------------------------------------+ 
S2 SYSTEM 

,I, :,. 

+------------------.-----------+---------++---------++---------+ 
f :; :, 
IMAJOR COMPONENT ENTRY I: MEOr~H I: LARGE 
I II II 

+-----------------------------+---------++---------++~--------+ 
IP2 Processor 1 1: 1 II 2 
1112 Merr-ory 2MB ;; 4M3 :: b~e 
tData ~odule DIsk Drive 5 So. I: 12 S;:. • t 1S S;:. 
IB-Byte Ulsk Orlve 1 SP. .. 2 S:) ... "S;;. 
12001ps Tape Drive 3 II 4 : I " 
150'lPSTapeOrive 1 :: 1 II 1 
1600cpm Card Reaaer 1 II 2 I: 2 
IgOOlpm Line Printer a I: 1 I: 0 
121)"01 pm LIne PrInter 1 I I 1 : I e 
ICorrmunlcatlon Lines I 12 1: 20 I I 50 : 

+-----------------~-----------+---------++---~-----+r------~--+ 
I II I' 
:SUPPDRTING'CCMPCNENT ~~TRY :: MEDIUM II LAqGE 
I I: " 
+-----------------------------+---------++---------~+---------+ 
leMA 1 : : 2 J : 2 
I ITS 1 II 2 II 2 
I SP Processor 2 : I 2 : : 2 
:FlexItle Disk 2 II 2 :1 2 
lCcnsole WVCRT, PrInter 1:: 2 II 2 
IDisk Controller 2 II 4 II ;:, 
ITape Controller (200 Ips) 1 11 2 II 2 
ITapeController(50Ips) 1 II 1 II 1 
ISerial Charnel Adapter 2 II 3 11 " 
IComm. Controller (20 I'lnes) 1 II 1 II 1 
IComm. Controller (30 lInes) 1 II 1 II 1 
1M G Se t 1 : I 1 I I 1 
IRefrlgeratlon Urit 1 II _ 11 2 

+-----------------------------+---------.+---------++---------+ 

DRAFT KCR/CDC PRIVATE 

1 
2 
3 
4 
5 
b 
7 
a 
9 
D 
1. 
2 

5 

7 

:. 
2 

:; 
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:; 
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:2.4.:.~ 52 SYSi€~ 

--------------------------------------------------------------------

+-----~-----~-----------------------------~--~----------------+ 
I 

S3 SYSTEM I 
I 

+-----------------------------+---------++---------++---------+ 
II II 

lMAJOq COMPONENT ENTRY II MEDIUM II lARGE 
: I II 

+-----------------------------+---------++---------++---------+ 
:~2 ?rc~e$sor 1 II 1 IS 2 t 
.-:3 x'<"c.y 4f18 116M2 1.1 10MB I 
l3etc :--'0C:'Ji~ Disk DrIve 8 SP. I: 10 S~. II 1& Sp. I 
13-::ytE DISK Driv" 2 Sp. II 4 Sp. II 6 Sp. I 
~2']Ol;iS Ta~12 Drive 4 1 r 6 1 f ,6 1 
kJCcpc. ee.o Re"je:- 2 II 2 I I 2 I 
:S':;:: I=!; Line ?rirt;;!r 1 It 2 I' 1 r 
:Z~~LI~~ Line Printer 1 ,: 1 II 2 I 
ICc~"'·~nicat!o" LInes 20 I I 50 I I 100 

+-----------------------------+---------++---------+t---------+ 
I I I I I 

;S'J?F027I~~G CGMPC~-~ENT ENTRY II MEDIUM II LARGE 
II II 

{. -----------------'""------------ +-------~-+ +---------{-+--------- + 

~ 1 T 3 
: S? Processor 

Prir.ter 

11~~e Ccntrct1€r {ZeO ips) 
:Saria! Cn~nnel Ad~pter 
;Cc:':"~. Cortrol1er (20 JInes) 
:Co~~. C~ntr~ll~r (40 JInes) 

2 II 2 II 2 
2 II 2 II 2 
2 ~ : 2 : I 2 
2 II 2 II 2 
2 II 2 I I 2 
4 II 4 II 6 
2 I I 2 II 2 

, 3 I: 4 I I 5 
2 II 1 I I a 
o II ,1 I I 3 
1 II 1 II 2 :Z"'G S-e: 

:;efri ",atlon Unit 1 :1 1 II 2 

+----- -----------------------+---------++---------++---------+ 

DRAFT NCRICOC PR.IVATE 
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32 
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12.0 APPE.NDICES 
12.4.1.5 S4 System 

+-------------------------------------------------------------+ 
I 
1 S4 SYSTEK . . 
! • ~ 
+--------------------------~--+---------++---------++---------+ 
IMAJOR COMPONENT Et\TRY :1 ~EDIUM 

II II 
+-----------------------------+---------++------~--++-------~-I 
I P 4 Pr 0 C e s s or 1 I I 1 I I 2 
I M3 Memory 8MS 11 12M3 1: 15M8 
IData Module Disk Drive 12SP II 10 So. 112" So. 
; B-8yte Disk Drive 4SP :: C So. I, 5 So. 
1200ips Tape Drive 6 I I I; I: 8 
1600cpm Cdrd Reader 2 I: i:: I: 2 
120uOl pm Une Printer ., II 3 II !o 
ICcmmunicat ion Lines 50 II 10C II 153 

+-----------------------------+---------++---------++-------~-~ 
ISUPPOkTING OOMPCNENT I:.t\TRY II H"OIUM 

II .. . . 
+-----------------------------+---------++---------++---------+ 
I C MA 2 .11 2 I I " 
I I TB e::: : 1 2 I. '+ 
ISP Processor 2 II 2 II " 
IFlfOxible Disk 2 :1 2 II r., 
ICcnsole W/CRT, Printer 2 II 2 II 2 
IDisk Controller 4 II 6 :: 8 
ITa..,e Controller (2uO Ips) 2 II 2 I: 2 
:Serlal Channel A"daoter 4 11 6 ":: b 
I,Cornm. Contro I le.s (40 lines) I 2 II 3 II I. 

IMGSct 2 II 2 II 2 
IRefrigeratlon Unit 2 II 2 II 3 

+-----------------------------~---------++---------+~---------~ 
+-----------------------------+---------~+---------+~---------+ 

DRAFT NC~/CDC pRor IJ A TE 

1 
2 
3 

5 
I; 

T 
S 
9 

10 

13 
14 

18 
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22 
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2 tI ~ .1?F::~lJ ICES 
2.4.2 CCMF-::;r,::.t~T CHARACTERIST!CS -------------------------------------------------------------------

12.4,2 CC!1'pvliEIH CHARACTER IS! lCS 

Inherent· 
F,..·~ '= ,,~C .t!.l...a 1ilJ1LJ.l::1.L'>l. 

Pl Central Processor I 24,327 (3) 1,608 
(-1'(1'7:1 c;:>tic~s} 

;::2 CEnr:-21 Processor 70,163 (1) 1,377 
(~O o:Jti.cnsi 

?3 Centr.1 Pro~eSSDr 152,078 (1) 2,500 
(no options) 

?~ C~~trol ProceSSDr 293,E56 (2) 1,000 
(no o;Jrions) 

N:)tes: 
(11 esc 1geu/90% Slope/~5th 
(Z) CJC 1976/90% Slope/10th 
CH NCR 92% S I op-e/Cv", Ave. 

Unlt/6% Inflatlon Factor 
Unlt/6% InflatIon Factor 

1979, P: ML5 ircluoirg 
Cost (3000 Unit Total/MidPoInt 
one ITB Subsystem. 

Ml-'>12K 

Ml-1.5M 
Kl-2~ 

111-41'1 

:~2- 2K (2) 
:-':Z-;~ (Z) 

~3-4~ ( 21 
~3-Sf": (2) 
K~-~K (2) 

4- {21 
!;- 11 (2) 

l1!-lLi.ll 

>: 9,010 

73,000 

87.000 
120,ODO 

17u,QOO 
213,000 
246,000 

302,000 

412,000 

Inherent 
lilll.L.l.ll 

i,,457 

3,514 
2,391 

2,214 
1,714 
1,502. 

1,361 
1,041 

917 
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12.0 APPENCICES 
12.4.2.1 CPU's 

Notes: 

(1) The above costs assume 6% ann\.al 10f latlon fro::! 
1974 to 1980 and 9U% slope/35th unit. 

(2) Assume one 32 bit port and one 64 bIt port. 

(3) Cost assumptions on 4K RA~,substantlal 

reduction ex~ected for 16K RAM. 
cost 

(4) Assumes a chip failure rate of .5 fallures/~illion hours. 

12.4.2.2 f~clQbnc~L-i~~lQill~Lt 

Inherent 
lli...s.JL.Q.cl-'L!!.5 l3DLELUll ~T 2~ 
9770 O<lta Module DrIve (420MB) S10,631 5CO 

BIllion-Byte Drive 

~~ = No current data available 

Jj.a.s.o~lls;-D!QLQ~ 

200 1 ps, GCR 
50 ips 

Inherei.t 
1'378 FlCll1 hlfE 

9,850 
2,'360 

5CO 
500 

None of these drives include a controller. 

Fastraln 2000 Ipm 
Band Printer 600lpm 
Bano Printer 900 Ipm 

Inhe rent 
1978 [ICill tll~E 

24,169 
5.1UO 
E, 20 0 

600 
500 
600 

The. abov~ printers Include controller cost. 

.cac.(L.EllIJl.Qill~nl 

LCR JOU/60u/800 cpm r~ader 

Inherent 
l.9.lLlli . .u 1 .!:!DE 

:;; 1,445 1,000 

DRAFT NCR/CDC FR!V:"TE 

1 
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!; 

7 
5 

lG 
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12.4.2.2 Peri~hlral Eaulpment 

T~~ LC~ re~cer lncluces interface and controller. 1 
2 
3 
I; 

5 
6 
7 
8 
9 

DRAFT NCR/COC PRIVATE 

10 
11 
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12.0 APPt..NDICES 
12.4.2.2 Peripheral Eaulpment 

Taoe Cortro Iler (50 ips) 
Tape Controller (2UU ips) 
Inte9ratea Controller for 
977~ Data Module Drives 

Low Cost Network Interface 
'00 lines total) 

Freestandins Communications 
Controller 

- 2 u I I nes 
- .3 0 I i n~s 
- "0 I I nes 

Inhere~t 

l~LEW;lll .t1l.B£ 

£4,000 
12,000 

5,00u 

5, OJ 0 

10,000 
12,000 
14.000 

2,850 
2,850 

16, G 31" 

9,755~ 

2,000 .. 
2,000" 
Z,UCO..,C 

~ = Does not include communication lines. 

Notes: 

1) Fully loaded cost exclUSive at a~ortizatlon of start-~c 
cos t • 

Inherent 
~J.!Q.sY.ll!i.!!l lli....i2 ~TRF 

ITB £ 8,932 2,451 
lCA (Pair) 1.700 33,333 
CMA 2,400 29,185 

SP Processor 2, il 06 36.429 

Conso Ie HIC RT, Printer 2,733 3,585 "" FleXible Disk 418 78,100 

"." - MT8F does not include thermal >:rlnter 

Serial Channel Aacpter 
(includlng Channel Controller) 

2, ~co 

DRAFT 

Inherent 
MTfLll:ir:s.l 

56,405 

NCR/CDC PRIVATE 

::. 
<. 
3 
t. 
5 
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2 

5 
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9 
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3 
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Inherent 

12-17 
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1 
2 
3 

" 5 

!ill! l1I..flL1J:j.c.s.l 

& 
7 
8 
9 

MG Set $ 9,000 

;:'",fris. Unlt $ &,000 
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--------------------------------.-------------------------------~----
12.0 APPENDICES 
.12.5 APPENDIX E - COST PERFORMANCE GRAPHS --------------------------------------------------------------------

The cost/performance obJectlv~s for I?L are those defined Ir 
section 7 of the NCR/CDC Reculrements ano Goals d~cu~ent. '~E 
data presented In this appendix is a direct excerpt 1ro~ that 
document and Is Intended to be fully compliant. 

DRAFT NCR/CDC PR.IVATE 
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1 of 3 1 of 3 ! ASL: CDC 

This s~ction specifies cost/performance requirements for each 

IPL syste: ~~~el. established in terms of the total product line 

ra~ge- Ihese r~quire~er.ts consider euch model on a system basis 

{i.e·. perfo~~ar.ce is specified on a system thruput basis. and costs 

spec!fy the total manufacturing cost of central system ~ardware} with 

the!ntent of ejtablishing an aggregate baseline objective for each 

~c~el. against which disign tracieoffs can be made- Consequently. no 

allocati~ns of these re~uirements to lndividual hardware and soft~are 

s\!bsyste::ls are specified or implied in either this section or other 

pcrt~cr.s of this dDcu~ent- Such allocations are the responsibility 

of ASL and the :n~leMe~~i~g divisions and are beyond the purview of 

f.equire~ents and Goals. 

IPL cost/performance requirements are specified in the form of 

a set of curves on cost versus performance charts {"Wor~load Performance 

Charts") .{Section 7.~}. This format is identic~l to CDcr~ statement 

of r~::;1Jire':1er,t s {ilerno to D. L. Slais from G. M· Beaugonin. no subject, 

January 17. 1974} and is used for three basic reasons: 

1. Ease of relating to other systems in assessin~ relative costl 

perforr.lcnce. ~ 

Graphic ~ortrayal of th~ intent to ,cover the IPL range continuously; 

e.g., ~ithout cost/performance gaps. ", I 

GEfJERAL 

3. Reflection of the fact {~y use of log~rith~ic scales} that requ!re­

ments are more sensitive for the smaller ~odels than for the larger 

models. 
,. 

In addition to the rQquirements .2.!LC. 2£., a for,"::al 'definition of the. 

charts {section 7.2} is inCluded to facilitate interpret~tion. fro~ 

this pefinition several points must be e~phasized: 

1. The curves do not .specify cost/perfer"mance lines on ~hich "'average" 

or n~argetn config:Jration's must·'lie. Instead. they b:n:nd the 

2. 

acceptable cost/perf~rmance region fo~ system configurations 

of achieving the specified performance.· S~ch configurations r.eec 

only incorporate the minimum central memory.-unit record equip~e~t 

and disk storage drives necessary to be fully functional {ir.clu~:n9 

deadstart and diagnostics} an·d to achieve that perfor::;cnce level. 

Consequently. under this ground-, ule. c:'~~a b~sn ·0 ". ~- 0 _ s~ rage capaclty a~d 

'configur<ltion Cap<lbility may be inadequate for t'" . ,,= ust!r' envl:"on:::er..~. 

Further. magnetic tape is not a configuration require .. ent 

ali workloads must be,.structured f ".-or use o. rOl,.ctlng r.lClSS stcra;e. 

Workloads are assumed to include a CO",bl'natl'on of bo~h -1' '" ~ CO!:iPl at:.::n 

and execution_ 

IPL peripherals as defined in Section 5.3 {Appcncix B}.~re the only 

devices assumed. to· include an an~l' c;pc,t-ed 210"~ j} t .., "" -~ - "w :I~ a a "OaUH!. IheN!fore. 
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CDC 

3/9/76 11/2l[/75 

3 0 f 3 3 0 f 3 

n~ conside~~tion is made with respect to advance~ in secondary storage 

The availability of such devices may have considerable 

cc~t !npEct~ but will n~t affect the performance ranges of the' 

• ,. '~ l' <: assu:n,o_d that a sufficient v~rio~s I?L syste~ ~oce.s DeCcuse 1~ -

nu~bar of cass storage devices are provided to achieve desired CP 

t;tiliz~t"ion. 

q. five syste~ models are specified., ~he IPL range can be completely 

covared utilizin~ four equally-spaced processors, Pl-P4. arid the 

correspond ins system'codEls; Sl-S4: Configurations for system model 

Sn incorporate one or mor~ Pn processors plu~ at least one P1 

processor, to include S1 conf~gurations requiring a minimum of two 

P1 ~rocesscr"5. 

c·c t ~:,o'.~el, SO, l·S l·ncluded to provide a distinct, low Th2 Il.th sys en ~II - ... 

cost. uniprocessing entry offering. SO configurations employ only 

one Pl p,~ocessor. 

5. These curves are established for a 1979 datum· Costs applicable 

to products introduced in other years are adjusted to 1979 on a 

learning curve basis only; i.e., the impacts of technology shifts 

and inflation ~re net considered: 

L. These cost p~rfor~ance goals are based on the final report {~ated 

January 1975} of a cost/performance requirements study conducted 

by an ::CR/CDC te2m. 
f'<lRr:-) n f7;G0:~ rTjr:~r::j,~!i~i7 
t .\:! i-~ ~ Ii!: >J_ j (~l ,; :, : .: n t i: ! U i I ~ 

REaUIREt1Er<TS FORMT 

The cost/performance requirements in Section 7.3 are s~ecified as 

a set of Workload Performance Charts. each of which is associated ~ith 

,and of the following operating environments: 

1 . Commercial Multiprogramming ,Batch 

2. Scientific Multipi'ogrC!i.i~ing Batch 

3. TriJnsaction Processing 

4. Interactive Til7le-Sharing 

The fo'rm of these charts is shown in Figure 7.2-1. Each chart cor.tains 

a curve. plotting performance against cost. The curve soa~s ~hat 

portion of the IPL range for which cost/performance re~uire~ents are 

established for the corresponding operating envi~oncent. 

,Each curve divides the cost/performance cocain into accep:a~le 

and unacceptable regions; e·g·, the curve does not s~ecify a line on 

wh:ich IPL models must lie; Further. for a configuration to lie in the 

ac·ceptabie regions. it must only be capable o'f achieving the cesired 

performance level and need not necessarily contain adequate data base 

storage. In other words. the curve coes not imply "tarse:" or "averasen 

configurations'. 

Each curve is divided into a maximu~ of five subranges, each of 

which definas the range for the corresponding.IPl syste~ cocel {SO-S4}. 

Each subran9~ is the ~heoretical maximu~. identified by the in:ersection 
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of ~~2 curve ~ith a pair of asy~ptotic lines· The latter are defineJ 

~n teres Df the corre~ponding'Central Processor models {e.g .• Pn 

ccrres~o:"O:;s to Sn, Ey.cept thc:t Pl also corr:.esponds to SO}: 

],. !~ ~iri~u~ Svst~~ Cost Asvmotot~ {"Sn Min"}. This line specifies 

the ~ini~u= cost configuration utilizing one Pn Central Processor, 

u~ich can be expected to function in the respecti~e operating 

2ilvi rOn:i2ilt .. 

2. Sn i/'2xi:1li" Perfor-oaoce Asvrnotot<> {"rnPn Max"}. This line establi"shes 

the ~ax:Wu4 theoretical performance any configuration utilizing 

the Pn Central Processor can achieve in. the respective operating 

envircn~ent {e.g.~ 100% Central Processor utilization on user 

tasks}. for uniprocessing curves, the configuration contains one 

p" {e.g:. o~l, except for S1. where m=2}; for multiprocessing curves. 

:There is no require~ent for the Sn system model to be underneath 

,the cost/performance curve to the extremes of its subrange. However. 

it Gust o'/erlap IJith the adjacent models. Sn-1 and Sn+1, benea.th the 

ccr"Je· 

Each curve applies to all workloads Characteristic of the oprirating 

enviror.~ent to ~hich the chart appl~es. Section 7.4 elaborates on 

All Cl.!l"'ves are established 'for a 1979 datum. 

[)OC:U!ilNl :OlCti",u 
IPL REQUIREMENTS AND GOALS -~~~~:~~ ________________ ~ ______ ~P_~~RFor;,,_~_ri_C_E __ ~~~ ________ ~~ ______ ~ 
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REQ'JIR;:11ErlT~' FO:lMAT 

To facilitate cor.'psrison with CDC scientific en\liron~ent 

expressed in terms of processor-memory costs only. the following a~di~ional 

data is provided. 

The cost/performance chart for scientific envircncant {figure 

contains' an additional curve not found on the other charts. The 

(.:.-~~ 

additional curve plots performance a~ainst 0 e M _ pr c s~or an~ ~E~ory cost,s 

only; that is, the cost of peripherals has been re ... ovec! ·frc;:: th!r sta~c!ard 

curve, producing a second curve translated o~~nwa-. c· a-.• ~ .. ·ne . c _ 9 rarn trot:: 

·the ~tandard cu~ve. 

Also, the goal for best cost/performance {ratio is 

point described} for each of the systems. SO through S~, for scientific 

environment is as fOlloWS: 

Relative System Processor-
System PerfOrr.1ilnCe * Cost *:!: Mer-orv Co~t ~~ 

SO ' .85 $67.bK $ 41 ... 071 

S1: 1.3 82.7K SC,~55 

S2 3.8 207K 142,660 

S3 9.7 341K 27b"bb'i 

S4· 26.9 56bK t;96.,2~8 

* Relative .to a tDC 6400 {CYBER 73} 

** As stated in section 7.1, costs are based on Januar~;1975 data. 

~CurrentlY observed memory costs are less than shc~n for 4K chi~s. ~hen 

16K chips ar~ introdu~ed, another ~O% d~,crftasD cv"r ·1 h ~ ~~ ~ _ _ curr~n~ y o~s~rv2d 

costs can be expected. 
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WORKLOAD P[RFORMhNCE CHARTS 

This section cont~i~s charts showing thG raquired cost/perforqance 

for IPL systems operating in each of the follo~ing 2nviron~ent$· 

1. Comr.1ercial Multiprogra~~i:,g Batch 

2. Scienti fie Multiprogr~nr.1ing Batch 

3· ·Transaction Processing 

4. Interactive Time-Sha:-ing 

The charts are explained in File 7.2. 

In addition to the 1979 cos~/perforr.1ance 

have been plotted as indicated for years 

curve., thre2 
I 

acditional c~rves I, 

1900, "19&1 and 1902. These 

additional curves ~ssu~e a' 15% p~r 

from the 1979 curve· These plots represent cost/perrcrnance 

for system models introduced in the corresponding year. The 10:"" end" 

is not plotted p~st year 1980 since it is expected to ce introd~ced 

by 1980. Since these curves ~re a r.1easure of 

.at'initia,1 ir,troduction of the syster.1, it is :;ot COirect to a~ply a 

later year plot to a system introduced in a pr,ior yea:-. 

I 
'\ 

I 
I 

I 
I 
! 
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ASL ARChITECTURAL UESIGN AND CONTROL 
--------------------------------------------------------------------
1 ;;: • U 1\ P P t N U r C E ~ 
1;? • t. ~\ P H·: I HH X F' - S Y S T i:: ~1 IH B F CUR V E S 
--------------------------------------------------------------------

Tn~ graphs presented In this appenclx give det~lled. 
'infor'mation about system hardware I'HOF projections. The curves 
haVd been calculated for the "1'ledium" system' cant iguratlons of' 
Aope~alx 0 using projectea inherent MTBF"s for those componentso 

DRAFT NCR/CDC PRIVATE 
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