
U C I  D - 3 0 1 7 9  
R E V I S I 0 N  2 
C0MPUTER 
DBCUMENTATIBN 

k I T I  IW ING CdDES Flbd TL-IE CRAY - 1 : BF? I NCII P1.ES AND APPL I CAT 1 ejWS 

I.i~,i;-ey L . Ne l son 

M s y  110, 1981 

Prepat-bed f o r  IJ. S .  Depa~,, t~;~ent of E n e r g y  l.~nder Contract N o .  W-7405-Eng-48 

- i -  



View t h e  p r - a i n t  F i l e  1~r-1 t h e  TVIDS, pit- p r i n t  it as follows: 

T R I X  A C  / 1 1 . PR I FIT  ( Y I P 114: 1 D301 79 E'1'31X anr; i rien-t i F i ce"i i on> . END 



Page .... 
Abs~~rac-t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

P . I n - r ; r oduc '& ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I 1  . Bverall lime A " n a l y s i s  o n  t he  C W A Y - 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Code T i n r i n g  ~ i t h  TIIGIEK TAL.LY 2 

IFL.B\dT'R!?CE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cell S~c:snd (O)  7 
I R T C  and/or QBRTC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

. O.t her P7c.r %?ads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I I  . P r e d i c t i n g  Timing 14 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e n e r a l  Acsr~=.lr.l<.s 14 

Ti-re Bwsic D e ' t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Two Sht:>l-.t. Ex:3mplos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  . . . . . . . .  The T i r n i r ' i g  Char-i; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
P r e l  irwr i r ' r ~ ~ ~ r y  C o n s  idr2rat i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  
Two R o s  ic E!c.~~inpl e r.; atrcl Cornn,.3rr. ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

F . . . . . . . . . . . . . . . . . . . . .  ~xarnrle 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Example 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cor*jcl~!sisr ..r s 3 4  

.. IV . T h e  Compr.lzer- C o d e  CYCI ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C y c 1 . e : ~  Llri-Leuy 3 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Abilixies and 1imid:a.l;ii.slns 36 
\IL srrd A I-cgfs.terAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Jump ins-r;rl.~rs-t.ior.~s 3 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n:;-t.r-rnc.t i ara lr;i~f F e r  I I - E..> u.FF 1 d c ?  l%ys  3 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A v ; r ~ i ! ~ e s b i l i - L y  0-6 C':YCS.E:S 38 
Tab1  1.3 fif D.2 lay CotA'es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

V . Example?b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
ZVSEEK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M s i u - I  Loop o f  ZVSUFX (n"i2d \/ersion) 41 . . . . . . . . . . .  I niprovecd \/e a.. s t on vs i . i  .. kr ><Of? Rep 1 aced hy F i xed Sr.1btu.ac-t 42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CIVDIVO 46 
QVSQRlH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 . . . . . .  . Append i s r. A An A b r  idgeiiwrr.C o-? .the S~.rmmatry o f  CPI.J T im i ng I nBorn.rat i on 52 

SCA l  ...n R ! NS'BR'.rCTHOPIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Veci.. o r  E ns.th-a. kc?. t,i o r s  53 

. Ape:mndi>c 5 Wk, at M~~i:?fac?nrs When Y O ~ A  R u n  on C M Y ?  . . . . . . . . . . . . . . . . . . . . . .  56 

. . . . . . . . . . . . . . . . . . . . . . .  : Apl:!l@srd i x C T I - ~ e  rje.I;a E ? s o f  1 ns.t.ruc:L i ora F'e.?.c;h T i vl? i ng 58 
Sl.lliitTithl"~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 



T I  MI I NG CUFES dN THE C:1'?RY - I : P R I  N C I  PLES AND APPL I CAT I6NS 

Ccrt~ipl  ei;e i irstruc-S; I or)--% i n ?  i pry i n fc~me~& i or\ f o r  the  CRAY - 1 computer is 
prlT $en tcc l  Log'tc2 ther w i t h  a l in \~%!'r~C!!  3f recording the  minimum necessary deta i 1s 
fork p u - ~ ? c ;  i se pr1;d ict i >n  C~PF the  runn i rtq t i m e  o.F va? i 01-1s i a l g ~ r  b-Lhms. Several 
cxza rnp  les  of op r i mum os3emb l y X ~ I ~ ~ U R Q E  cod i ng arc l i s-ted, w  i t h  co~nnients tha-t 
i l 8 ustimate t,he B; i m i de%a i I s ,  lJsz~g~ o f  the  code CY CL ES w h  i ch pred i c t s  I 
t i r n i  ng 0-F acicasl CAL., CFT, o r  C HVI C pf-sUi-6ams i s  descr i b e d .  Usage of  codes I 
-i I MER F r7rcd TPI,I-I Y i s ddslr31~- i bed. I 

"rhe a i n ?  oF eh i s  doc-urnc2n-r; i s  L O  show how t o  locate and analyze the  
seqjlt-ICZI 11;s OQ a C~-V&-: t tl  at o re  i , ~ l p o r  t s n t  From a L i rn i rrg v i ewpo i n-t . Computes 
cndct3 'I" I P'IER &r,d T.SI. L Y  are use FLI l F o r  - L h  i s purpose. Then, hav i ng i dent i f i ed 
c r  i ?. i c-el l ,  s ?f:*~ i O ~ I S ,  w e  cons i dcr htdw to per-Form t r l p ~ m  apt iri-1~3 2 2 y . Con~puter code 
CY C"!-1's i s 0.P \I o l w e  i n ols-",;a i n i -lg such p ~ r  Formcince . 

On the  CRAW - 1 , opt  i rnldrw pr ogr.av,lm i r-tg (:om i s t s  o f  f i nel i ng the  best 
~ I I - J o ~  ithtn snc j  mroi A i j f t t j  ~ ; i> lq - r l i l ~ i ;~  i n  l i l~~pl ' l l ' ?k~iei-~t ing it. Usually the  best 
elathi-- l.,i.rn can k*le $,I* v C%fsa,s~- i zeA a-- a para1 l ~ l  vclctor " a12oa- i th in ,  

B n c e  an a lgor i t h r n  has been dec i ded upon, one must cons i der how it can be 
i rnp 1 as;-w.n'r.ed w i "l;h nc-t,<,r;.~l h # l r  d\r~s:.e i nstr-uc L; i sns . T h e  a lgor  i - ~ h m  niay have t o  be 
ch3~',?;1~ i f  it c-;aL!:,es I ~ , ~ ~ I E * / Q  i d~ i f - l~s  con? l i f  @s due to %he sBusrnt?d nmture of  the  
GRAY -- ;*s da r . .~  pa-ths, rc?g i s - r ; ~  rs,  f uric i i orrs l un i t s ,  and rf~lm~ory. Avo i d  i ng 
conf 1 i c c s  i r;. tr,' i mu;- i F y a iuua-tter o f  t d r u i A r ? r u t , a r - d i n g  she t i rn i ng deta i 1s i nvo lved.  

,C4e\leu-~~ 1 e,,alnp lei- o f  i mprov4zd per rormarrrzc ach i eved t h r o u g h  t i m i ng 
enc.l\ls i s  w i 1 l be $3 i ve r t .  ( r'ar a cdcscsr i p  t ion of  t,Blc-: env i rar-imcnt a t  LLNL i n 
which your code w i l l  run, sac Appendix B . )  I 



I I . BVEWALL T I  ME ANALYSI S BN TI-IE CRAY - 1 

The f i rs- t  s-tep i n i inprcl \r  i ng the  Kler G o r m m n c s  o f  a code i s  t o  f i rrd out 
wheo.~s i t 1s spend; ng i - t s  'c i m c .  In m c s L  programs there i s  s o m e  smal l 
iQer-?:ive r$ lcrvor i tC-am -thru,k; use$; t t h c ,  major-i-ty o f  %kc CPU t ime. Thus, 
i rnp~rov.~rn~:n-~~s %rr a very l i m i ted n c r i n b e r n  o f  1 i nes s F code can rcsu It i n dramat i c 
redul--i; i ons i vu %he amour)-:' o f  t i nue r ' c c j ~ r  i red -to pe - Form a ca ICLI la% i on. I n 
p a r - T  i c ? i ~ k z > r ,  il.' yak! h a v e  s FORI'FSflbl proqr-51mi i r ]  w h i c h ,  say, 70? of  the  t ime i s  
s:per-~t i n  one i n ~ c r  Dlrl loop, yoc can l ! m a t  your eFPort, init 181 l y ,  t o  making 

? mpr .s \ " f .?n l t  n l s  ts *./-la% l oop . I 17 such C?\:jGS., cabv i otrs 1 y, %l?e use o f  assembly 
1anganta7fie s l l b c r t ! l d  E?e .r;c r r s  i dered. M u c h  0-F t h i s  repar-L w i l I be concerr,ed w i th  
-a; i m e  617;~ 111" i ": c F r t,' Eat i VC"? By SKIS 1 I ; B S ? ~ ~ T I ~  11' l ongt!r.-rge rou t  i r~e: . Hovevet-, B 
irli-mi: I n y  wet! lfiok a-l. ; ? u B  I C O C ! O  ;rnalyo i s .  I 

Code Timing w i t h  T I M E R  and TALLY - - "  . - - - . - - - - - - - - - -  - - - - - - -  - - -  - - - - - - - -  

-6he L !iSI\It':X code grotnp, pr' ' mar i I y J i m Kohn  arjd George Z i mmerman, has put  @ 
-Carlc tSal?r. =I 5 S i l i h ~ p Z E ?  set OT " ~ O C J ~ S  to d3 code -l; im i r7a 0 1 7  -the CRAY - 1 (and 7600) . 
-r he ,- -- I -. -- I 

CI, 1k2 i 1 i 6, ics are  s i n ?  i 1; 8- T c  53E:I; I  I\YM~ZP-L-I\II?M,~P bu-t ar-e s i111pler t o  use. The I 
ou'i-.l:jln-u :>roclelc ~ : l d  by 7i;h i s  se L & I  Loolls i s  m u c k !  less ~ X ~ C I ' I S  ive .i;han BEG I NMAP but @ 
c : o n L s  i 17% %lie ~-?sss l a %  ial i r~rsr~dien- ts  T o  do T, i m i  ng snalys i s  For alrnaa-t any code. I 

I 
I 

T i mer - - - - -  I 
I 

" - B 
l l PIER is a s~b ro ln t  i rle wh ich  you m u s t  ca l l i n your code. The ca 1 l looks I 

I ilce: @ 
B 

CAL L T I MKF? ( J 86, ' FPIA;tlE ' , BlJFFER, 1831~FFERJ ' HEADER ' , E-HEADER 1 I 

w h e r e ,  
I 
I 

l BG 
H 

i s  an I /B Ccrn i7ec-Lar  ( I0C) ava i l ab le  f o r  I /0. However, i f t h i s  I0C I 
@ifel- locconl~?s unavn I l12bleJ T l MER T 1.- i ?s T o  f i nd another one. The I 
I lciC is ac-t iv,? orvil y clur i ng ackmml wf- i-tcs "Lo d isk  by T I  MER.  I0C=O I 
i s  s a t i s f a c t s r y .  B! 

TrN.2ME 
I 

is a f i le :3er=1~!en~e r 1 a m e ,  b ~1~?eq~renced name i s  f~)rrnl-.d from t h i s  by Ri 
ah jplnrad ; ng a cl i rn i t ( u s u a  1 l y O 1 on -the r i glqt end of the name &I 
t r t l r a c  at. in:4 %Y;c l e f  t ~ i  ) s t  cI-araa=r.e~. i f  ~ C C C S S ~ ~ ~ .  I f FNAME already @ 
~ . r l d s  w;th a 1,Aecirnsl  d i g i t ,  FI.IAI?E is used as i s  For - the f i r s t  f i l e  B 
i n %I re s i r ? ,  { i ~ ;  9 ~ 3 5 .  I f any f i I C  i n tho secacfisnt:e a I ready ex i s t s  it @ 
w i 1 1 be des-t Y oyk9i.d. I 

I 
Blll".l:ER i s  an I / f J # b ~ l f  Per. 1 %  m u s t  he permanently avai l ab le  and reserved I 

For T I  MER s use ok-r 1 y . O C h c ? r w  i sc garksage cnl r I d  l ~ e  w r  i %ten t o  d i s l ~ .  I 



1-BI,JFFER i s  k h e  length o f  t h e  I / 0  buPfer. It may be any s i ze  convenient 
f o r  %he usel-. 51 2 wclrds seems t o  worlc qu l e e  we1 1 . 

HE.qL3ER i s  Rn a S C l l I  s-tu-ing wE7ich w i l l  be w~- . i t ten  in-to the  beginning o f  the  
di:ik f l l c  L O  idel-utiSy t h i s  t i rning B i l e  ( i n  csse m u l t i p l e  runs arc  
rnride 1 . D:j-~e, "t i m e ,  cords name, prob lqm rreme qre sonw poss i b l e  
iULerrkr; t h m l  you m a y  iyi isl-a t c l  13ut i n the  header . 

? is the \ i r n > j v d  I ~ n g - t h  c l f  HEADER. It m u s ' b  be at least  one word long, 
e7Jef7 i . F  *IIC t7 r33~3P~r  itself i s  t lar rk .  

'i l PIER npt~rjr7-l .ec hy i nterl;-uE^J~-t i nq yotlr cocle every 4 m i l l i seconds and 
.F l r - ~ t d  i r a ~ j  out whii-r; .P,k>+5 p-c;ounter i s .  It s-eor5e1-; t h e  p-counter i n  the  bu f fe r ,  
~ L ? ' ~ I F I ?  -the? IJU 6".Fq~;.' 1-7 I ' V ~ ~ : ~ S S B T ' Y ,  end Lhgilil re-Lknt-ns Fr-om i ntelnrupt . T I  YER i t s e  l f 
dol'?s ncrt pei..Fc~rln any actual  t i m  i ng ana 1 y s  i s .  I t j (!st creates a t l m  i ng f i l e  
n i  h;h p -  6:,01,1i?tc. r z  i r h  i ' r ; .  TBle sr GIJLTI a r a l y s i s  i s  done by the  TALLY code. 

Tcq obxai m i3  p c 1 r n p 1  ete L i m  i n g  ni lelys i s  o f  your code, T I M E R  should be 
<-a1 b ? c l  ++% t--ar 1 +1 as  at t 3  1hT.c dl I )  I ng t l  ih qxecrl t  i or? of  your cocle, dnce the  c a l  l 
t r i  I "'~1.i7 h- s k C= I-: bll:~rl*>, ETBP# c>.ltliv r ~ f ; l l l s  . I-c r.t:c;,erl;-.ed un-ti l your code bjants t o  
'Eel, E T  i I'V, ise< % I ? c  L i r r ~  i rig rl"ta 1 :/? 2 5. Your c.oc-'5 s h o r ~  l d  not be a.rFer,tecl by the  
> 2:- I I -  0 1 I < ' ?  i n i t  , The u?lcrheald i s zpl-rrox i m a t  e 1 y 5 n i crosec:onds per 
i r j  ~e1.1 up, t C  WP i i h  ?kla!! 1 l jot be ~ ~ U ~ F ~ C L F ~ Y  l e .  I I MER con%- i ns only about 100 
lFr ic j  o f  ulxFi-i,-lkl s@j -I; i s  \r.r?ry smal l .  

To t e r - m  i na- te  t h e  t i m  i ng aniglys is ,  a cal l must be made t o  T I  MEND. T I  MEIYD 
i s  eal l ed  w i  1;h no ~ I - ~ J I J ~ I I ~ ~ ' ~ - L S  I -L  ahtrts dawn %he P; irning, f lushes the  bu f fe r ,  
cto::;:: T L \ e  f i l b ?  E J _ I Y - ~ ~  - ~ r ~ ~ s r t c ~ t r ~ t i  i t .  TIMEIVOI IS an ent ry  painC i ns ids  T I M E R ,  

No exdcr ma 1 s  s re  reqlA i red by T I  MEF? (o r  T I  MEND) . It i s  se l f -conta i ned. 
I t i 3 avn i l ak> l e by 1 c > w d  i ng yolrlM c o c k  w i l;h AL. I BCRAY . I .F you cannot access 
AI.- I U*:i?AY , -chc,: so~rr-cc S D r  Y I MER I I ~ E Q ~  be e><T,r.ac:tmzd From f i le CLASS, and comp i led 
P,o p r  a d u r c  r3 b i i"ler:f f bc f o r  L-DR. 

T I M E R  syores one-*other piece OF informa-t ion i n  the  t im ing  f i l e  along 
w i t h  t h c  p-cc~nnter .  [ h i s  is w process i n d e x .  This ir-+?x i s  read from common 
blnclc, /'OPI.DBlG</ w h i c h  i s  O ~ I ~ . :  'u!~oi-Cj long. By cJefault t h l s  w o r d  i s  se t  t o  1 . 
Yocal-. code m o y  set t ! j i  s w - r v ' d  a t  any -time .iTo rlesignele tha  current  process 
w h i c h  i s  a!--Live. Vk-ut cqnly i-t::issorl Lo *;!as t h i s  would kl;3 'to & l a i n  a more 
de-t 7 8 1 c-d ktrec?kolown of t i??  cus5,ge c f  u t  i 1 i-11;y subron~l i nes ( a .  g. , SQRY, LbG,  EXP, 
BASFL-I B v'o~it i nss . ,  e-LC;. 1 a%zcor d i ng to %he structur-c of  your code. For 
exnrnt>'t e, you c u u l  cl .S i nd out wl-r ich log icsal process i t-I your code i s  us lng SQRT 
%he m o s t . .  Tt) i s  fea-cure i s  usual ly used i n  over loyed (o r  segmented) codes 
wher .~?  ~ , h c  oGer 1 ay ( o r  SU?CJIT?~~>C 1 number can be s-torcd i ntr:, t h  i s  comnlon b lock .  
But any s i r lg lc  1c\i-.l c ~ d e  could use t h i s  c q ~ r a l l y  w e l l .  Maximum value f o r  
.a;h i s p~+~clrc,ess i ni-!EX i s  755 on CRP,Y. 



Tsl l y  

The TAL-1.Y codc? recqtr i res 2 f i les i n  order t o  do a  t i m i s-~g analys i s .  The 
F i r s t  is %he s ~ t  OF -i;irnir?g -Fi  l es  i ~ n s ~ ~ ~ l l y  1 f i lc) p r o d ~ ~ ~ c s d  by the  T I M E R  
I - O U ~  i rw. The 3ece311d f i 1" i s the  s?rn1/301 "table .F i le prodcaceol by the  loader. 
The sys!iLlob -Lnl:-ke i s  u n ~ l a l  ly ccrntai nrcl i n  yoLJr c o i ~ - t ~ ~ o l  lee f i l e  so you may 
ncr~l is l  l y  L o s e  ~ P L I ~  e:,e~n,!t i ,g ccr~cle nal.rie as the  %yyl=ol t ab le  F i l e .  A copy of  
TAI-1-Y t-xr )  be F?). -trc:1c ce?d - F ~ O I T I  p.)1~!3 l i c f i I C  "P\1EI-SON , a t  L L N L .  

Tllu e\:ect.r$e l i r ~ e  t o  r !An TP,I-1-Y i s :  

w1-1c:r 3 .?,he Fol I :w i nu t r p t  i ons arc avs i lable,  

none ( i . e. , 610 op-t i ons spec. i f i ed) . Th i c; does a shor t  t i m i ng anal ys i s .  
H i stn,;x~-wms on a subro~r t  i ne by subrou'c i ne baa i s  are not produced. 

ALi-. This slz~_yes a complete -t in1 i nu analys is  prodinc i ng a1 I of  the  output 
TALLY can. M 2 s s  people use t h i s  apx ion.  

835. n Set %he B i n  Si-?e -to n  pa rce l s .  T 3 1  l y  mccClmul8tes t im ing  informat.ion 
i n t o  I-z i n s .  Each b i rp I' epr-esen-ts il. pai'cels elf yoar code. Defaul t  i s  
n=32 ( 8 v~ords 1 w h  i clj work.% v e r y  n i c:c l y  . 

The t im ing  analys is  pt-sd~!ccd by TALLY i s  f a i r l y  s t ra igh t fo rward  t o  
~ ~ ~ - ~ d e r ~ - L a i ? d .  I -t i s broken i n to  3 1 og i ca 1 sl-.c:-t i ons . Each sect i ons i pc l udes 
P B B - c . ? ~ . I ~ Q : J ~  krrcrd;dokurns as we l l F I S  ac1;~1a I n~irnk)ers o f  h  i t s .  Thrs term h  it 
cle~sig!rates en inst ;=;rrce o f  -Lhe p -coun te r  being i n  a given rou-Line or a  given 
b i n .  

The f i r s t  sec t ion  does on ove ra l l  t iming ana lys is ,  The number of  h i t s  
i n  esckr : ~ ~ t p r c , ~ : ~ r ~ c ; l i ~ l  ;IS we1 l as %he percent o f  .the -P;o-k,al t ima -the si~bprogram 
used i s  1 isa,ed. A stnl>prn.ogratrl Eppears i n  t h i s  l i s x  cbnly i f  a-t leas t  1 h i t  was 
ree=or..dtlcl w i t h  i w i L s  ~ C ) S I I I ? ~ S .  

The second suc t ion  does a s i m i l a r  k i n d  o f  analys is  but by process index. 
Thus t h i s  i s  a b i t  mars de ta i l ed .  The usage of  commonly used u t i l i t y  
s(.~bl:~r-cogr-z+~~as i s br. al .en elKr by 12 u-olirlss i ndex . 

The t h i r d  sect, ion ( i . F  requested w i th  AL-L .  1 i s  a dlztai led  analys is  ( v i a  
h  i .s'tc&dimnn? 1 OF each subprogr- d m  For. wh i ch h  i ts were recorded . The breakdown i s 
by birrs w h v r r 3  e Lr F n reprezerlts a smal! slzyt L an OF code. The number of  h i t s  
w i t h i n  a b i n  is prirbdsd slorrg wi-ch s bar indic:3ting gl-aphical ly the  
r'elaLive "C , ,~~* I \Q  ywr'Iy k b i t h i n  %he bit?. NoLte t h a t  Lire a l y j o r i t h r n  determining the 
ler-rcytl? 0.F -iB'~r! bar  E S  rjcrn- l incar .  'The ac- t t~al  h i t  C O L O ~ ~  nal.ls.t, be used f o r  an 
sct;u~-:;:T,e, c1e'E;;; i 1  PC! a r , ~  1 LJS i s , 



Examp le  oB aulpk.at From TAL.LY.  

F i  rs-t ,  f o r  a GRAFL. IB ' t y p i c a l  ' t e s t  
rcru-t i r e s  it-) w h i ~ h  t, i r r ie  was kreir~r slraent. 

MAIN. 
RNI'L 
JPPL2A 
ZPrCrVEB I T 
KXDRPL 
ZMOVEWRD 
MXVY2D 
KXCL2D 
KPFRLN 
QBF'AK 
I Z I6STAT 

problem w r i t t e n  t o  iderst i fy those 

NHI T PERCENT 

Second, after ahorrz one personal month of  e f f o r t  spcn-re recording the  
Lhrer:? m,-? i n k i nrs-.i:c>nslurn i ng I-O~J-L  i nes i nxo CALL.. . 

03/'16/81 

Nt-l I T =  21 8 

LtTCAT H f3N LENGTH SUERBUTINE NHIT PERCENT 

M A I N .  2 , 9174  
RNFL. 4 1 .8349  
Z@ P "r0A 1 ,4587 
JPP1-2A 1 ,4587 
ZMOVEB I T 4 1 .8349  
iO<DRPL 1 ,4587 
ZMBVEWRD 4 1 .8349 
WKXVT2D 7 3 .2110  
l i C L 2 D  128 58 .7156 
KPFRLN 6 2 .7523 
ICFRVEC 10 4 .5872 
CIRE'AK 49 22.4771 
G<WC!FFN 1 ,4587 

AnoLk la r '  ~qontl-1 S F J * ? ~ ~  d e ~ r c  1 CIP i ng and cad i ng vcctar  ver-s i ans of  HCI-2D and 
QB1" 41: rk:-c:lr.rci-d i,hcsn T,o 34 and 19 kf i-Cs respect i ve l y ,  and rf3sulted i n  a f i nal  
ter a f  o I cl I \ ,s( 'r.r~vement -For zh i s heav i 1 y use3 LI-NL LIT, i l i -ty , ( N1-41 T=  97 1 . 



aften one wolnld 1 ike e s  find out which sc~broutines of a large code are B 
~6requeref.ly cal led :qnd gain a 1 1 3  sveral  1 l:.ncwledge of its flow. C F T  users can 
a c ~ z o m ~ m a l i s k ~  % h i s  by usinq li-1-YTWTA,rl(SE. T h i s  i s  a compile-lim? option, which, 
a1 $:hot.igE, e,:l:jer,s i v u ,  dcss ;lduce a rather n ice I.:~r-ealc.down s f  a code's 
behav !. i r r 8 .  

A n  example .  otF -the.output f r o m  Fl-dZ4TRACE is shown b e l o w .  Full details 
a n d  ass i stance arc? ava 1 lab le Fronr %he 1 oc& l CRAY reprasantat i ves. 

ROUT I WE ‘r I IY E % CALLED AVERAGE T 

C A L L S  
C A L L E D  B Y  
CALI.ED BY 
CAl-I-ED B Y  
CAI-LED B Y  
CALI  ED BY  

C A L L S  
C A L L E D  BY 
C A L L E D  RY 

C A L L S  
C A L L E D  B Y  
CAL I-ED B Y  

CAI-LS 
CAI-LED B Y  

THGEN 
FENBTV 
FENBTV 
FENBTV 
FENBTV 
FENBTV 
d U T S 0 L  
VSTRAQ 
VSTRAP 
QVSET 
F R 0 N T  
F R a N T  
QVSET 
MAKEL  

QVSET 
MAI<.EI- 

BAS T S 
MiQKEQ F R 0 N T  

NLMAT 
MAKEQ 
ENCdM 
NLMAT 
MAKEQ 
FR0N-r  
VSTRAP 
QVSET 

NLMAT 

ENCBM 
PdLRk'IS 
BACSUB 
I TEF? 

M I  N I MklliY MAX I MUM AVERAGE 
1" REG f SKE-R," 0 22 6 . 2  
I3 F?cl.fr, 121 1.17S 2 8 4.3 

AKGl rl"ikl-4'TS 0 5 0.0 

CYCLES SECBNDS X 
28594 3.57e - 04 0.0070 
26306 3.296-04 0.0065 
2876 3.60e-05 0.0007 

57/76 1.22e-04 0.0142 



G a t k ~ e i  i r,g t i r n  l ng i  r?f ormas; i o n  can he m a d e  a n  i n c e g r a l  p a r t  o f  a r o u t  i n e .  
A bas i c: - t o o l  I re4;omrllcr;d for -  Lln1 i s  uss w i t.l'> i YI a ISPCC. i f ic FORl'F7AN s u b r o u t  i n e  i s  
-the FrlR!"LIID fuh.ic:tior? SECIJTND. eln %he CRRY-1, SEr:6lql3 r e t r - ~ r n s  t h e  t o t a l  
C I ~ ~ J C  7.i ~rC)%d CPU t i in@ cl-,~r.ged <3gef i n s t  your cock  s i  n c c  e x e c u t  i o n  began. Ca l  1 s  
-Lo SEfbf31dl? a r e  r e  1 8 %  i VC+ l y cl?cap (arkpr OX i m a  t e  1 y 5  In i C ~ O S ~ C O Y I ~ S  per ca l  l  1 a n d  
a1-1~ noL C'~C3je~-I; t o  \ ra r* imt  i o n s  dlue ta t h e  cur ren t  t i m e - s h a r  irsg l o a d  o n  t h e  
nrac- lk  i ne . ail-t her *l;ec;krrr i qtms i~my be II.F ed . i ' ~ b '  f i n e r  a n a l y s i s  o f  s m a l l  c o d e  
sec t i ons, but, For. overs l  l  pl-lr*pij.suc SECOND i s  mdcquete. P,n e x a m p l e  o f  its u s e  
is S ~ T C N I J ~ T  i n  the  code b e l o w .  

PR6G2.r.M !'IF38 I T ( IlN I T59=TTY 1 
~abl;~4r~'ili'~~ D ( I 325 I 
I4 I FYEPdS 1 U I W  1 1824 1  
CAL-L L I F11: ( ' !IN 1 1.59='6ERTII I N4L / /  ' 1  
E = SFCuND(O1 
TPl SkCt'l~dD 1( 0 )  . E 
TT = T M x 9 7 6  x 2 5 . % 4 .  
T 5  = 0 
T2 8 
)( = . 125 
Y .015625 
A = 1 5 . 5  
\ d K I T 2 ( 5 9 , 5 8 1  AJXJY  

58 FdF2':MAT'('f:WECKHt9JG Ff lA  ,'4 = ' , F 7 , 4 , '  X = ' , F 7 . 5 , '  Y ' , F 8 . 6 1  
nr:j 4 K = 1,35 
CJ A+X:KK 
DO 1 M= 1,1325 

1 D ( M )  = B*R-IYI 
Crd 3 J 1,976 
C Y * J  
TA = SLCONDQO)  
DB 5 I = l J 1 0 2 4  
F ( I 1  = ( C - P 2 ( 0 ( 1 ) ) / 2 .  
CUPIT I NU:? 
7D 5: SEC~~lrlb(O1 
15 = T 5 + T 8  B A - T M  
TA = CjECwND(B1 
D 6  2 1 1  , 1824 
I F ( F ( 1  1 . N k . O )  Gt3 TO 2 
E = SECiJP4[3(0) 
W R I T F - ( F 9 , 6 0 )  B : C , D ( I I J E J  I, J J K  

60 t-CjKMAT('I-II11 A T  ,4F4.4 ,3151 
2 COW T I NUE 

I'B = SE?ry[dDt 0 )  
-3 E - - - l"Lj+ $ B -  TA-TP'] 

3 C C I ~ V ' B  I WUK 
4 CON T I NUE 



E = SE6631bID( 0 )  
W W F I " E 1 5 9 , 5 9 )  A , € ,  I ,  J J K  
WF:X TE( 5.3 : G i ?,r-rs, ~ 2 ,  r~ 

61 l = C ~ P \ "  I a TIPIE = . F9.  4, 3)CJ ' L Q C l P 2  T I M E  = ' *  F9.  4, 3)C\ 
% 61-.6"11~.1~ GALL- iIMF = " , F 9 . 4 )  
s i s i ~  1  

59 F'6WPlAT ( ' A T I M E  I J K ' , / ,  'NO H I T ' ,  
1 2 F R . 4 , 3 1 5 >  

EiWD 

I I 

: N o - L e :  T h e  s o u r c z   ode f o r  t h i s  exanlple, MF301TJ as w e 1  l as the ;  
:soul-ccs F o r  131 2 otk?er e~~snq-~les i r  - th is  W G  i-teup are r-esident on I 

I -tl"le CRAL'- 1 i n p!,llsl ic 1 i El f i le CI..ASS, Bnr? c a n  e>,-tract and run I 
;-chise>cnmg>lc t ~ ~ ~ ~ - t g % h e  C : I V J C c o m p i l e r * a s  follows ( l o w e r  case I 
I t y p  i r i g  r"eptkc>srn ts rdses' n nput, ; L!g>pnr czlse s 5: ccon~pc!tc?r- o u t p u t  : I 
- - - - - . - - " - - - - - -  . - - - - - - - - -  - - -  - - - * . - - -  - - - - -  - - - - - - - - - - - - - - - - . - -  - - - - - - - - - - -  

l i b  class 
c ~ ~ / 1 3 / 7 9  0 9 : 4 :  :n3 644400 
Q C < .  x mF301-t 
CYI< , end 

ALL- DBNE 
civic  rrrF3C)'i-t r n f c  
# * *  Cl3b.V LOADER VERSJBN - CT 20 03/08,'79 

ALL- tlt3NE 
m.Fc 
Gt-IEC:I<I Id[; FOP A = 15.  5 0 8 0  IC = 0 .  1 2 5 0 0  Y = 
H I T A T  15.J500 0 .9844  0 . 0 6 2 5  1 . 6 4 0 b  248 
H I T A T  1 6 . 2 5 8 0  1 .01?6 9.0675 7 ,8015  264 
I - 1 1 r A T  16.5000 4 . 1 2 5 0  0.2500 11 .1936  2 7 2  
I - l I r h T  16.7500 9 .4219  0 .5625 14.81(13 2 8 0  
I - i I T A T  1 7 . 2 f 5 0 0  9 .7631 Q . 9 E 2 5  2U.Sc j l28 227 
1-11 AT 1 7 .  4 .3750  0 .  2500 23 5364 306 
B-C ITAT 17 .7500 1 . 1 0 9 4  0.0625 26.2874 315 
1-1 1I .r A T  16.250C1 i . 1406 0 .0625 3 2 . 4 4 7 4  233 
I AT  18 .51300  4 .6250 0 ,  35.0796 a42 

A I l M E  J J K 
EfPB 1-11 T 15 .  500 38. 493r2 'Y 025 977 26 
L6r315?IF I IE  = 1 5 . G 6 . 4 1  O - ~ ~ L , P ~ T I M E =  18.4826 





I RTC ancl/clr Ql3RTC - -  . - - - - . - - -  - - - -  . - - - -  

T h e  CRAY - I t-izas n cycle cncrnt,er as c w e  of  itr hat-didz~re featcrres. This i s  
a c -ou~  r t e r  wh A c : h  s"t,ep:3 by one c-?elch vat h i r ~ e  c 1 ock . per i od o f  1 2. 5 nar>oseconds. 
5e ta i l ~ d  t i 111 i rag 0 . F  c ~ d e  strr=-L i orrs can 83 2 dc~nc? us 1 ng t h  i s  conrrr ter  . However, 
tl"l12 ~ 0 u l l t e . 1 " ~  s * , G ~ P >  wh"rc,dkrdr or' rfo% y01.lr prc,arc%m is running, so care must be 
-tejl:er9~ w i C h  i ts CJSC.: i tl t h e  -t. i ~ ~ i c - ~ k - ~ r ~ r r  1 rig e n v  I r8ont?~~;nT, . The counter, ca l led RTC 
( f o r .  r3aa1-'cirlle clorzk) is dire-: t7y rc~asll~~k:le uslrrg FORTRr,N. W i - c h  CFT, one 
vses Lhc c 0 r . r ~ - L r ' r ! c . t .  64 - IRTC(C)), ancl wi-th C 1 \ I I S ,  N Qr"RTC(O1,  where N i s  an 
I n-u;~lysr- var i G " J  l e I ? P I ~ ^ ~ F ? ,  T h e  cu~,lp i l er gerer ates of4 y the  code necessary f o r  
rMec~d i ng the RTG .3rh4 s '*,ox- i nkj t h ~ l  read i rig i r~ ~ilernot-y 1 ocat i on N, a t o t a l  o f  48 
bit:; 5)F r . ~ d e ,  ln01'1?181'?/ r e ~ . ~ l ~ i i ~ i r ~ g  only 3 c:x-E:ra cloc.l< periods t f j  perform. ( I n  
c e e 5 L a  1 i ' ~  c a ~ e r  a ij ct : l&163~ t i mi2 is requ i read P<?caalse r;lf an S-reg i s t c r ,  path, o r  
m o i n ~ > l - l ~  c*rnT 1 i c i; . 1 

TI-163 use of  I RTC i s  i l l us-crated in the  sess l on below. I n the  example, a 
FbR'6RAhl r c s i d t ;  i rre calr 1s a CAI ussenrbl y rc~L1-t i nu, wh ich  adds the  .F i r s t  51 
eleuncr~t:; o f  ; ; l r*r .-a)rs  A 'jrnd I3 al)cl  ~ ~ T a f : t " s  tk-e Y"C:SU~L inxo a; ray C by use OF a 
sca 1 ar- looin . 

H e r o ,  it was p o ~ s  i b l e  -Lo improve  -the pei-fol-w~ance of the  machine on t h i s  
e-:arnpl.c by aboaa?; t j X  Isy rnorely reorolclr i nny -the? rno~lir les i n memory. There are 
(zdsn it & k  p ~ l t l r c  log  1 cr3 l 1 exah'ilples of' L$> i c -i;ype O F  t h  i ng where a change i n 
runn i r r g  -C imc oof 1 Oinx occurs. Such  ch=.!-rgcr; are dr,!e to "Ghe u3voidance of  ( o r  
i n-t t -od~~~-e;  j oa cr F 1 conf l i cts. 

F i r s t  , the sour-ce C O ~ ~ ~ ~ S  .For the exemp 1s are extrac.t;ed. 

l i b  c lass 
C 07/06/79 13:  19 5 3 644400 
r3K. x nk)r:,s abcs? 
68<. end 



- L r  i xg 2 o ! abcs 
19 L I PdES ( 80s) 

. 't . - 
1 :K CAL I =nsr..s, B:-eaoc:s, L=LSC 
2 I U E P.1 T A B C S  
3 CCIMF~IIJI~ P,B@CIMMdW 
4 A BSS 57 

6 C B S S  56 
7 BLflCK A B C S  
8 E N T R Y  ABCS 
9 A B C S  A 1  0 

1 0  A 2  5 1  
1 1  LOBP S 1 A J A 1  
1 2  S 2  B , A l  
13 S 3  S l  +FS2 
1 4  C ,  A 1  S 3  
1 5  A 1  A 1  + 1  
1 6  A 0  A 1  - A 2  
1 7  JAN La0P 
1 0  J B O O  
1 9  E N D  
, rut-1 

CAI- I =ARCS B-BARCS, I.=LSC 
% P C 3  
C3.010Qll 
CIS03 2 - 01362K PlEP116l"?1' 4 01 17K I /b BUFFERS USED 

ALL- DdNE 

o ! abcsf 
1 7 I I l.1F-s I[ 80s 1 . t 

I * CFT H =t!BC.SFJ b N = G ,  k=L.SF, B=DSF 
2 :x LDIP I :  F;R'~F,RABfi=SP,k1%1_--MSF,>1C=XB~~J6RD~TH=CLNBJFIHST=BSF 
3 ::< XBS 
4 C%SRPBMOU~. /ABf;dl"~l"lN,~ A ( 56 1 , CTIJTRAI\IC;E, R ( 56 1 , C C 56 1 
5 CAI .L k lr N!< ( ' UN I T 5 S  - TERM I NAl..// ' 1 
6 y X u c ) ~ : ~ ~ : ~ : x ~ ~ ~ x * ~ x Y * x  
7 D d  1 I 1 , 1 6 9  
8 1 n t 1 1  I 
9 ~~U-I'FIAG~PGF = 600hd040610Cd(4OOOO8CIOI1OOB 

I 0  M = IRTC(O) 
1 1  C A L I .  ABCS 
1 2  PA = I R T C ( O )  
13 X = N-M 
14 W K I T E ( 5 9 , 5 9 1  C,X 
1 5  59 &a. ?MAT i 7FS. 0 1 
1 6  STOP 
1 7  END 



. run 
C F I  I =AUCSF, €3l\l=G, I - = L S F ,  B-BSF 
F1004 - CFT VERSECIN - 04/06/79 SCI-IEDULER 
F'r00 1 - Cdl* iF I LE T l ME 3 0.8195 SECdNDS 

A L L  DONE 
LDR A = (BSF RARCS) , MI-=PISF, %=XUSJ (II17DkZR=CLPdBJ FI RS19=BSF 

ALL- DONE 
XBS 

59, 6 1 .  63. 65. 67. 69. 71. 
73. 7 5 ,  77. 79. 81. 83. 85. 
87. 89. 91. 93. 95. 97. 99. 
101. 103. 105. 107. 109. 1 1 1 .  113. 
115. 117. 119. 121-. 123. 125. 127. 
129. 131. 133. 135. 137. 139. 141. 
143. 145. 147. 149. 151. 153. 155. 
157. 159.  165. 166. 167. 1 6  169. 

1 7-73. 
STOF 

The las-t vrumber listed (11,731 is -ehenncarrrber. of machine cycles elapsing 
he1 w e e r r  %he two uses c r f  I R T C  I r -s hc? code ..,BCSF. 

No% ice, nexz, the  resu It o f  an zi n p ~ r e n t  l y i nnacuous change to l i ne 2. 

r p 2 !  =BSF! -GABCS 

F l'rC)O 1 - CQI+1C3 I I.-E ": MCi 0.0191 SECONDS 

A L L  DOr\?F_ 
I-.Dl3 I = (b.pF, B W C S )  ML-=PISF, Sc,=XPS, BRDER=CLNR, F I  RST=BABCS 

STOP 

A L L  DONE 



dt her M e t  hods - - - - - - - - - - - - -  

017e can use the 872 macl-sine i n s t r ~ l c t i o n  d i ~ - . e c % l y  t o  d i s c o v e r  u l t r a - f  ine I 
t i r l l  i rag @dt:k,s i l s r c  Ia-ecd to hs rc lh fa re  arid s p e c  i a 1. code l oops .  T h  i s deta i l  i s  I 
;iarSe r ~ v a  i 1 st 1 e to t h e  CFFA'S - 1 pr oc~ i -smr i  e~l' 3; hr or rgh uG;c o f  -t he pula 1 i c f i l  e I 

CY GLFS"  . Sce See% i c~n I V ?cur ~1ov.e i m f  sr-r~:l-t i on. I 



1 1 1 .  PRECIHCTING T I M I N G  

The res-t alf  %hi:; paper w i  ll be ~~sec l  t o  demonstrate (and, I hope, teach 
yorr) u n"retl)od F o r  e x p l i c i t l y  p red i c t i ng  -tinrlng. The meLhod clan help i n  
avo i d  i I-rg unna;: zsszi-y con-? l i c t s  i n as: emk l y - I. anguacje - c o d ~ d  subr'out i nes or i n 
lanps,mrrirh ich nnc expecbs to u t  i l ime cons idersble ~riach i ne t ilne and For which, 
-P;hciee c)rse, ono i s j (1st i f i cd i n s p e n d  i ng cons i de, 21b l e hunran t. i me t o  obta i n top  
prr Fdr rn ,~ rac? .  E i nc,e -E- he me thsd OUT, 1 i ried is alrnoc~r, r-omplc t e l y  ~nechan i c a l ,  a S 
pr'lY~gr*~ili? ) A S  1 i ' l l y  t l ' r 4 : ~ ~  i do89 has I:lce,-r wu' i -cel;en -Lo gletwrate t i m i ng char ls such as I 
"Lhos 2 S ! ' I O ? J ~  I k a t ?  l O W .  '$l*1e p~'@(-jr"a6~1 1 :s. cn 1 Eeci C'.(CI ES . I t s  L, ,:sue is descr i bed i n I 
Sc4;t i orl I V ri-r" CFr is ropor.t .  I 

1 w i l l a..:s~an%e -a;.k.ra-p; the  rez~der- i s  f a m  i 1 i ar  w i t h  the  CRAY - 1  Hardware 
Maw.ru31 and CP,L assr.ntzly language. I rr p = r t  i c u l a r ,  'the f i v e  pages of our 
Appci?r=l i )< A, ~ ~ ~ l c c n  i'ra~rr t h s  CRAY - 1 Har  didarc Manua 1, l i st; much of  the  I 
i n.Foa.nrb-~; i o1.r r {e:edr?~:J Toe- c i rn i ng par o,ccs. Exump les  w i l l be e i ther  given i n CAL 
or,  0 1 ~  oc'c~si317, taB<cr~ d i rece l y  +'ram tlw long l i s t i n g  ol' CFT or C I V I C .  

Gei.:erz, l Remarks 
- - - - - - - - - - a  - - - - -  

I n  gevreral, t h e  t i ? ~ ~  rey i i i red  t o  perBor-m an algor i thm depends on the  
spe~i.C'ir, irrs-er:.~c-~dt:ns u = e 3  to nerfoi-in it and on the r e l ~ t i o n s h i p s  among those 
i ne Lr-lJci, f orls, ,fib COFYI,, 1, e undes-sP,and i ng 0.6 -[,he rr.?lcvant ccond i -t i ons a f f e c t  i ng 

-eF.tl- e x r ! t q : t d t  i on o.F a pat--t i cul w r  i nstrvc't i on cusr In(? na i ned only by cons ider i ng 
i t c  r-L 173t i o n  C - s  311r~i"~+:1~. i .% i r ~ g  i n~ L C - s ~ c ~  i oijs. I n p c l ~ - - t  iculnr-, vector i n s t r ~ r c t  ions 
r 8 c c j i n  i r e  s o r r ~ \ i i  13% ~~~uc-c ane l y s  is than s c :  3 1 ars.  

I .F i nd 8;br"a a; v e c ~ ~ r l J  i i7g at !nost f i VIZ eos i l y  cornp~~ted numbers per 
i ra"lll.a~sri; i an w i 1 l g i vcl t hl-2 n t ? c e ~ ~ ~ : , r y  i n iY~>r~~?at i on .For de-5erm i n i ng conf l i c t s  and 

s m g g - : . - e ;  :1 '~g W i : r \ J 3  6 0 a ~ ~ o  icl t h e m .  Fo r  a sc~Elar (o r  reg i s te r  i ns t ruc t  ion one 
wc,c>rl:j, t ~ r  kl- ep rack c f  : ( I )  w l - e r r  ip, i ;stnes, and ( 2 )  w h e n  it complcXes. FOP 
EI V W S ~ O ~  i l l i ~ ~ , r - * ~ ! ( ~ - L 1 [ . 3 1 - i  3nc3 k 1 3 5  1.0 no-ie: ( 1 )  i t s  issue t i b i a ? ,  (2) i t s  chain 
t i m y ,  ain,d tho  (d i f ' f r : re~?t)  P, i r , lcs  w h e t )  i c  has f i n i ~ l - ~ l i ? d  using: ( 3 )  i t s  input 
rerj I s-t er s, ( 4 1 i -t:* .F~rnc-i. i ona 1 L I ~  i -t, ar~d ( 5 i LS o i l t p i ~ t  reg i s t e r n  

I n al l ca-eq, e x c e p ~  for- scalcr memory-refercnc i ng i ns t ruc t  ions (and 
noima31 ky i-l; is 7.r t le  Lhen, also), once Lhe i s s i ~ e  cycle has becn determined, 
al l I ;h;  o t h e r  t im i rrg n[-~,?lrar s f o * tha-t i r)s%i-~!ct i nn i ~ p e  a f ; n ~ n p ~ ~ t . . ~ b l e .  The r u l e s  
for- do i ng  t9.,c5,-. csii,~-.+~~.i;,u t i oras at-*c s t a t 2 r A  or) paae ?5 of  t l 3  i s  repor t ,  and the  
cxe-ep-' i ons arbe noted i b? . D \ - ~ ; > ~ - O ~ I * ~  i z'te examp l @S . 

Tab1 e 1 ( w<Ji?gn-ttzd from Append i x D of the  C R A Y -  1 Hard~dare Manual l i s t s  
t h ~  ent i r e  sea; of  t i l t l  i ng ~*~wI~I!~E:'s ( f i rst. ca 2 umn 1 needed Far most purposes. 
I k , a ~ ; c  spec i f y *?,;.he nul;lktei. of i 2. 5 nanosecond rriach i nc? cycles requ i red by the  I 
CRAY - 1 to de 1 i \ f e r  a r @ -u 1 .t -LO s, he '  al:>pr3p~"~ i a-t e reg  i s l e r  . ( O m e a n s  no r e s u l t  I 
goes -LO 2, reg i s"itec- . 1 I- wfb  tkrsr deta i l i s  a f a  i lab 1 e i 13 Chqpter 4 of  the  Cray- 1 &I 
Mar ~:!w:~r 2 bvlz~?c,r~ 8 i n e;o~~,i n  in^ L i on w i -Lh ea~1.1 spec i f i c i n?struc=t i on descr i p-t i on. B 

MoLe. A l l  irrss;rlact lolls us irhg the  Memory Furbc-Lional Uni-t  are subject t o  M 
pass i kt le a d c !  1 -t r ..lrbn 1 cic 1 '-.i;/<.j drra -LO rnen~o[*y bank corif l i c t s  w i t h  I /a .  I 



Table 1 .  1nsZ;ructicn and Tirning Sl~nzrnary 
- - - - - - - - . " - - - "  - - - - .  - - -  - - - - . - - - - - . - - - - - - - - - - - -  - - - - - -  - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I 

I 
C y -  I  I  

I  I  
I  I  I  i# 

c lcs : CRAV - 1 : CAI- vlrrlssrjon i zs : L J n  i C : 17esr:r i pt i on - -  - . . - - - -  . - - -  - - - " . - - - - - - - -  - " " - - - - - - - - - - - - - -  * - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
114 

CO I  - 'I 
G 8 0 0 ~ , 0 <  ;ERR IEi5ror e x i t  

I  - i l  
50 ' ,': ,': 0813 i j k : ERR ex;, :Error  e x i t  I@ 
0  !:00100Cj : NOP I  - INo aperat ion 18 
1 1 ;::x@01 0 j k  ! Cb,, A j  Ak I  - I  Se-e "Ghe channel ( A  j current  address I I  

I I  I  
I I I I  t o  ( A k  1 and beg i n  the  I /FT sequence I@ 

1 l wx:OQl 4 , j l .  IGb,Aj Ak I  - :Set %he channel ( A j )  l i m i t  address t o  ( A k )  @I 
1 1 % ' ? 0 0 1 2 j x  I C I  , A J  I -  I I C I eat. cl3unr.1~ I ( A  j 1  i n-teri-upt f lag 

I .X:Xag1 3g; )  
I@ 

1 AJ I  - I  Eiil;erk ):A reg i s-Ler w i t h  ( A j  1 
:X:kr;al.dj,< i R T  

II 
1 S j  I  - IElr-~er rea l - t ime  clc#ck regis-&er w i th  ( S j )  

i % " . Q 0 1  1j4 
I I  

1 S j  I  - IEirt$r I 1  wiLh ( S j )  
I - I I  

1 l rn :~!3014~5 ! C G I  I  Clear c lock i ntei-rupt lgJd 
1 : : ~ ~ ' b 8 1 4 J E  :CCI - I E c r a b l o  Cl ocl; i nter.rup-t; II 
1 1 x x Q 0 1 4 j 7  IDCI I - IDisdble c lock i n te r rup t  

I  - !I 
1 I 0020x1~;  : \/L A I< I  Tr-anst17 i -t ( A k  1 t o  VI- reg i s te r  

I  - fl 
1 : %0020xO : V L  1 'I Tr-ansmi-C 1 -to V L  r e g i s t e r  

I  - tl 
'I : 0021xx  : E F I  IEr~uhle ir.r-tr?rrupt on F l t  p t  e r ro r  

I  I 
II 

4 I OO:??>tx I  DFP !Disable in-xcrr~!p% on .?It p t  el-r‘or 
I  - f l 

3 : U 0 3 x . i ~  I V M  ZJ I Trar~cm it ( SJ 1 to VM r - o ~  i step 111 
3 :K803~ll>< iVP'Y - ICleat* L'bl regisLer 
C3 I  - 81 

I BO4xxb: : E X  I  Nor-ri~a l e x  i % ill 
?Q I y d : k O Q / l i  jk I EX I  - INormal exi? 

I  - II 
7 ( + )  ! O O : ; s c j I ~ > ~ : J  BjI; !Jump t o  (B ,rk)  II 
5 (  .E I  eta6 i ,j Iqm : J lexp - :Jump t c  e x p  81 
5 ( :  j O O i ' i , j C . . m : R  ~ 5 x p  I - !Return jwrnp to e x p ;  set ROQ t o  P 

I  - 81 
5 ( - : )  010ijkmlJ4Z rp x r7 IBrar7ch t o  e::p 1.6 (A01 = 0 lBil 
56.41 I OJl i j k m P J A N  s x p  I  - !Branch t o  e x p  i f (A01 . NE.  0 

I  - II 
5( 4 : Q 1 2  i ,jl OII n , JAP a x p  ;Branch Zo e x p  i f  ('401 p o s i t i v e  II 
5 ( 4 )  ! 0 1 3 i j l ~ r n ' + B A M  cxp I - :Branch to exp i  f (A01 noqat i ve 

I  - !I 
5(+) I  014iQE. ,~- ra : , JSZ e x p  :Branch -to c7xp 3 f ( S O )  = 8 

I  - Il 
5 ( + 1  j 015!$E:ani J I N  cxp I  Branch t o  exp I f ( S O )  . NE.  0 

I - II 
5 1 UIGajkk ,3 ,JSP c x p  I Brwr~c1? -to evp i f (SO) pos it ive 

I I 

I8 
5 ( + )  0 1 7 i j l ; m : , I ~ ~ P l  e x y ,  ;Branch t o  exp i f  (SO) negative CB 
1 1 020iQE.1;ruI I  - I  Trailstnit e > r p  = jkm t o  A i  

I - II 
1 I  021 i , j k m j A i  e x p  :Transmit exp 1 ' s  complement 81 

I  I  
I I I : o f  jkm 'to A i  EIl 

1 I  G r 2 2 i j k  I/\,! ~ X P  I  - ! Transnt i t  exp j k  t o  A i  i3 
1 I  0 2 3 i j x  I A i  sj. I  - :Tr.al-rsniit ( S j )  -to A i  

I  - 111 
1 I 0 2 4 i j k  IA i  B J ~  ITra lsnli-r, ( B j k )  Lo  A i  Bi% 
- -  ""--- . . .---  
* Srjccial CPL syntax farm. 
% % ?r i i 1 ?gcr,\ -l a airon i L o r  molds . 
I: Irr(lic,:-,pkes rhd,tl tius F ie ld  i s  n o t  used by -the t-rardlr~are; the  assembler 

g c : r l E i - ; : ~ t .  i2 ZFI-o i r -Lh i s  poci-Lion, 
+ TEIG-c' ? j LJB.VI i ns ! . T * L I C ~  3 a 3 n ~  -s;nl:e l onger i f branched -t o  address is not a l ready 

i n an i ns; r~ l r  r; i 3 1 7  hu?' rer  . They thzrr [use %he m e m o r y  Sunct i ona l can it . 



- - - - - - - - . - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
C y -  i I I I I I 

c l es CRAY - 1  I C A L  mtv?rnsn  i cs I U n  i t ! D e s c r i p t i o n  - . - - - - - - - - - - . - - - - -  . - - - -  - . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
B 

1  I 0251jl.;, i B j k  A i  I I I T s a n : : m i t  ( A i l  L o  R j k  I 
4 I 131251x0 , A i  P S J  I P o p f L Z  l P o p u E a t i o n  count o f  ( S j )  t o  A i  B 
4 : 6 2 6 i j l  I A i  ! P o p  count p a r i t y  o f  ( S j )  t o  A i  I 
3 : 0 2 7 i j x  : A i  :Leading zero count.  o f  ( S j )  t o  A i  B 
2 I 0 3 0 j j k  I A i  A d d  I I ntcgel- s u m  o f  ( A,j and ( A k )  t o  A  i I 
2 I *03010k : A i  A k  I A  In-t A d d  I T r a n s m i T  ( A k )  t o  A i  Ikl 
2 I * 0 3 Q i J O  I A i  A j + 1  IF, I n t  A c l d  IPnLrSg;yer s u m  o f  ( A j )  and 1  t o  A i  I 

: 6 3 1  i j k  i A i  1 A j  - A k  j,4 I n-t Add I I n t c g e r .  d i f f e rence  o f  ( A j  1 less (A!<> I 
I I j t o  A i  il 

2 : * 0 3 1 i 0 0  : A i  - 1  : A  I n t  A d d  l T r a n s m i t  - 1  t o  A i  I 
2 e 8 0 3 1  iOlz. ! A i  - A k  I A  I n e  A d d  : T r a n s m i t  the negat ive o f  ( A k )  t o  A i  i8 
2 I 8 8 3 1  i j 0  l A i  A J - 1  I P ,  I n t  A c l d  IIt?tea;iei3 dir fej-cnce oF ( A j )  less 1 t o  A j  'I 
6 r 0 3 2 i j k  : A i  A j  *AIL j P, I r ~ t  Mul-a;  i I n%e;2sei p r o d u c t  o f  ( A j  1 and ( A k )  t o  A 1  '# 
4 I 8 0 3 3 i O x  1 A i  C  I I I C h a n r , e l  n u m b e r  t o  A i  ! j = 0 >  lggf 
4 I ~ 0 3 3 1 ~ 0  d A i  C A , A J  i - ! A d d r e s s  o f  chsnnel ( A J )  t o  A i  ( j . N E . 0 )  'B 

: 03'3i j l  j A i  C E , A J  ; - : E r r o r  f l a g  o f  channel I A j )  t o  A i  !l$i 
I a I ( j . N E . 0 )  II 

1 4 ( + )  1 034 i Jk  j B j P c , / l i  , A 8  ; M e m o r y  :Read ( A i l  w o r d s  t o  B  r e g i s t e r  j k  f r o m  18 
I I I I ( A 0 1  liBI 

1 4 ( + >  i %O:34i. j l< ; B j l ~ - ~ A i  O I A O  : M e m o r y  : R e a d  ( A i l  w o r d s % o B r e g i s t e r j k f r o m  I@ 
I ( A 0 1  I@ 

6 ( + )  0 3 5 i j k  ~ , A O  B j k , A i  [ ~ e r n a r y  : S t o r e  ( A i l  words a t  B r e g i s t e r  j k  t o  I I  
I 1 I I ( A 0 1  lill 

.' 1  I x 0 4 2 i j k  i S i  
I I I 

1  : 8 0 4 2 i O O  I S i  

I3 j I<, A  i ; M c t ~ i c r r y  S t o r e  ( A  i > w o r d s  a t  B e  r e g i s t e r  j k t o  I# 
I : ( A 0 1  II 

, A 0  j M e m o r y  ; R e a d  ( A i l  w o r d s  t o  T r eg i s te r  j k  f r o m  II 
I : t A 0 ,  1 

0, A 0  ; M e m o r y  ! R e n d  ( A i l  w o r d s  t o  T r e g i s t e r  j k  f r o m  I!# 
I ( A 0 1  I I  

T J ~ , A ~  j ~ ? m o r y  : S t o r e  ( A i l  w o r d s  a t  T  r e g i s t e r  j k  t o  !I 
a I ( A 0 1  I I  

T j k , A i  in- prnorSy  : S t o r e  ( A i l  w o r d s  a t  T  r e g i s t e r  j k  t o  k i  
I : ( A O )  lBli - 

e x p  I - I T r a n s r n i s  j k m  t o  S i  II 
exp  I - I T r a n s m  it e x p  = 1  ' s  c o m p l e m e n t  o f  j l ~ m  II 

I 
I I t o  S i  I8 

Cexp jS L o g i c a l  : F o r m  1 ' s  m a s k  e x p  = 6 4 - j k  b i t s  i n  S i  11 
I : f r o m  t h e  r i g h t  I8 

# > e x p  I S  Log ica l  ! F o r m  0 ' s  m a s k  e x p  = j k  b i t s  i n  S i  f r o m  R 
I i t he  l e f - i ;  II 

- 1  I S  Log ica l  , E n t e r  --I i n t o  S i  BI 
- - -  . - - - - -  - - -  
8 SpociaO. C A L  syntax f o r m .  
+ T h e  cycles nslcclscl  = t h  i s nl r m b e r  + ( A  i > . A l s o ,  no issues a l l o w e d  

t i l l  c o r n p l e t . i w n .  
x F i e l d  n o t  used. 





- - - - - - - - - - - - - - - - - - - - . - - - - - . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
cy -  I  I I I 

I I I 
clen : G R A Y - 1  ICAL. .m~. r~n~on ics  ! U n i t  I Descr  i p t  i on  
- - - . - - -  - - - - "  - - . - . - - - - - - -  . - - - "  - - - " . - -  - - - - - - - - . -  - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - -  @ 

I 
3 I *Oi5EiqB~ i S i  S i < . l k  : S  S h i f t  : S h i f t  ( S i )  l e f t  (Al;) p l a c e s  t o  S i  8 

I S 5 7 i , ~ k .  i S i  S j ,S i :A lc iS  S h i f - t  I S k i f - k  (SJ and S i )  r i g h t  ( A k )  p l a c e s  B 
I I : t o  S1 R 

: x 0 5 7 i j O  :S i  ; S Q , S i > l  i S S h i r t  I S h i f t  ( S j  a n d S i )  r i g h t  one p l a c e  I 
I 
I I : o  S i  S 

3 : *857iOk I S i  S i r A k  ! S  S h i r t  : S h i f t  ( S i )  r i g h t  ( A k )  p l a c e s  t o  S i  D 
3 I OECYijk, I S i  S j - J S k  I S  I n t  A d d  I I n t e a e r  sum o f  (Sj) and ( S k )  t o S i  I 

E 061 i j k  ISi 1 S j -S& S I n t  t\dl-4 : I n.teLl?r d i 3' f er-ence o f  ( S  j 1 and  ( SIL) EB 
I I I t o  Si  @ 

3 I  8061 i01c I S i  -Sk IS  I n t  114136 ! Transm i-t n e a s t  i v e  o f  ( S k )  t o  S i  I 
6 : 052iJk : S i  Sj-PFSk : F . P .  Add ; F l o a t i n g  .sum o f  ( S j )  and  ( S k )  t o  S i  I 
6 ! %PG21<ld< ISi * FSk I F . P .  4d1A I b l o rmo l i ze  (Sk.1 t o  S i  I 

I I\i63ijl< I s i  1 S j - - F S k  iF.P. PldlA i F l o a t i r g d i F r c r . . a n c e  o f  ( S j )  and  ( S k )  I 
I I , t o  S i  i 

I  x063 iQk  iS i  5 1  I -FSK I : t o  s i  I : F . P ,  Pidd I T r a n s m i t  n o r m a l i z e d  n e g a t i v e  o f  (SIC) I 

* 7 ,  I Q G 4 i g k  i S i  S j *FSk  j F . P .  Mul-P; I F l o a t i r r a  p r o d u c t  o f  ( S j )  and (Sk )  I 
I I I I t o  S i  I 
I  065i.jk. jSi : SjxHSk i F . P ,  M I A \ %  IHe1.f p r e c i s i o n  r ounded  f l o a t i n g  

I I EprsducT. of { S j )  and  ( S k )  t o  S i  I 
I  OBGijk. j S i  ; SjmRSlc j F . P ,  M u l ' t  , F u l l  precision I-ownded f l o a t i n g  I 

I I ~pruduc3-t 0.F ( S j )  and  ( S k )  -to S i  I 
I  0G7i jk. ; . S i  ; S j *ASk  i F . P .  M ~ 1 1 - t  : 2  - F l oa -b i ng  p r 7 d u c t  o f  (Sj) ar?d ( S k )  @ 

I I I t 0  S1 I 
1 4  i OSOi jx  i S i  / H S J  I  F .  P .  Wcp 1 i F l oat i rig r e c  i p r o c a  1 app rox  i m a t  i on  o f  I 

I 
I I a I ( S j  t o  S i  I 

2 : 0 7 1  iOk : S i  A k  ; - : T r a n s m i t  ( A k )  t o  S i  w i t h  no  s i g n  
I I 
I I 

: 071 i l k  j S i  
I I I 

I  071 i2k js i  
I 

I 

I  071 i 3 x  I S i  
I  0 7 1 i 4 x  ' IS°; 
I  071 i 5 x  I S i  
I  071 16s : S i  

0'71 17x  I S i  
I  0 7 2 i x x  I S i  
: 0 7 3 i x x  :Sp 
I 0 7 4 i j k  :SE 
: 0 7 5 i j k  I T j k  

0.6 
0 , 4  
1 .  
2 .  
4. 
RT 
VM 
T j k  
S  i 

I  e x t e n s  i on 
: T r a n s m i t  ( A k )  t o  S i  w i t h  s i g n  
j e x t e n s i s n  
I TI-ansnr it ( A k  1 t o  S  i a s  unnorma l i zed 
I  P l oar, i ng p o  i - a t  number 
I Transm i.t constan-L 0 .  75%2xt 848 t o  S i 
: T r a n s m i t  ccsr4..%ap>s 0 .  5 -to S i  
i T r a n s m i t  co r r s t a r~ "?  1 . 0 t o  S  i 
: T r a n s m i t  con:;tan% 2 . 0  t o  S i  
I Transn? i t c o t r s t a n t  4 . 0  t o  S  i 
I T r a n s m i t  (RTC) ' to  S i  
; T r a n s m i t  (VM) t o  S i  
: T r a n s m i t  ( T j k l  t o  S i  
: T r a n s m i t  ( S i  1 -to T j k  

Special CAI. syntax Form. 
x F i e l d  n:>% u-qr?Tjj. 



C y -  I I I I I I I I 

c l es ' C'I-?PV - 1 I CAI  nnnem$)n i cs : U n  i z. I n e s c r i p t i o n  
- " " . e m "  - - - - - - -  " - "  " - - - - "  - - - - - - - - - -  - . . . . . - - - - - -  - - - - - - - - - - - - - - - - . . - - - - - - - . - - -  - - - -  l l  

laa  
5 : 0761 jk. ISi V j , A k .  1 - I T r a n ' l m i k  ( V j ,  e l e m e n t  ( A k ) )  t o  S i  i l  
1 1 1977IjI~. I V i , A E :  S j  I I T r a n s i 1 7 i . t  (Sj t o  V i  e l e m e n t  ( A k )  

I - l i  
1 I  8 0 7 7 1 O I ~  : V i , A k  0 ! C l e a r m  V i  e'leknen-L ( A k )  I I  
1 1  Y 0 h i J B c m : A i  e,,p, A h  I r81~w10r y ! R e a d  r r u m  ( ( A h )  + e x p )  t o  A i  ( A O = O )  II 
1 1  I 8 1 0 0 E , ~ ! ~ . e n I A i  c;ip, O I P e r n a r y  ! R e a d  f r o m  E e x p )  t o  A i  I I  
1 1 : 08aglcur1 i e X P J  I Mcurror. y I R e a d  f r o m  ( e x p )  t o  A i  I ilil 
I I : : " l ? h i n t r O f A ~  I A h  I K e m c ~ r y  I R e u d  % r o r , i  ( A h )  %o A i  I@ 
0 I  1117ijBcrw e x p , A C ~  A 1  I Piernor y ISr,oani! ( P . 1 )  to ( A h )  + e x p  ( A O = O )  18 
0 1 I ,  A i  I NCETIOP'~ I s t o r e  ( A i l  t o  e x p  I I  
0 : *I 10i,ikrlr:e::pJ A i  : P l e m o r y  : S t o r e  ( A i l  -LO e x p  11 
0 I % I  1l.rIC.iOOI , A h  A i I Mernor-y I S - i ; o r c  ( A i l  t o  ( A h )  I I  
I I I '129ai.jkl1r1Si e ,;p, A h  I M e n ? o r  y IRc.sd f i -onu  ( ( A h )  + e x p )  t o  S i  ( A O = O )  1111 
1 1  I  y: 1 3 0 i J k b n l S r  e x p ,  0 ! M e m o r y  : b a d  S r o r n  e x p  t o  $ 1  I1 
1 1  : *120ijO:rn;S! e x p ,  I M e m o r y  I G a z d  f r o m  e x p  t o  S i  I I  
1 1  I 8 1 2 t - r i 0 0 0 1 S a  J A E ~  1 M e n ~ o i - y  I R e a d  F r o m  ( A h )  t o  S i  II 
0 : 13C-r;QEcmke:l:p,Ah S !  : M e m o r y  : S t o r e  ( S i )  t o  ( A h )  + e x p  ( A O = O )  II 
0 ; * 1 3 L I i , j I ~ . s n i c x p , O  S i  I M c m o l n y  I S - t o r ~  ( S i )  t o  e x p  I I  
Q I #* '830njk. ; , :e>:p,  Si  I  M e m o r y  I S*tort.:! ( S  i t o  e x p  II 
U I  8 'F 3k1 i O:JO : , +h S i I M e m o r y  I s t o re  ( S i )  t o  ( A h )  l@ 
4 I  1 4 0 i j I  : \ / a  S,jF\ir'l< i \ J  Logia3al I l . o g i ~ ~ 1  p r o e A i ! c % s  O F  (Sj) and ( V k )  i l  

I 
I I I :to V i  I# 
I  l4 l i j l . ; ,  1 V i  ; VjBVE:. I V  L o ~ i c : a l  I l - o g i ~ ~ l  products o f  ( V j )  and ( V k )  111 

I 
I I j t o  v1 !I 

4  I 1 4 2 i j k  I V i  S j ! V I c  I V  L o g i c a l  I L . o g i c a l  s u m s  o f  ( S j )  and ( V k )  t o  V i  il 
4 ! x 1 4 2 i O k  i V i  V k  I V  L o g i c a l  j T r a n 3 m i - e  ( V k )  t o  V i  fI$" 
4 I 1 1 4 3 1 j k  : V i  V j ! V k  I V  1 - o g i c a l  ILofli<;al su rns  o f  ( V j )  and ( V k )  t o  V i  I I  
4  I 1 4 4 a ~ &  : V I  S j \ V k  I V  Logical  Id i f ferences o f  ( S j )  and ( V k )  -to V i  !I 
4 I x : 1 4 5 i l l  I V 1  0 I V  L o g i c 3 1 1  I r l @ a r  V i  !I 

I l 4 5 i j k  j V i  ; V j \ V k  j V  L o g i c a l  I L . a g i c r + l  d i F f c r e n c c s  o f  ( V j )  and ( V k )  R 
I jto V i  98 

: 1 4 G i J k .  ; I / i  1 S , j ! ~ l i ~ \ W l i ~  L o g i c a l  l T r r n s r n i t  ( S j )  i f  VM b i t  = 1 ;  81 
I I I ( V k )  i P  VM b i t  = 0 t o  V i  I8 

4 : * 1 4 6 i ? k  : V i  %~,JM&\llr : V  L c l g  i c a l  : V e c t o r .  m e r g e  o f  ( V k )  and 0 t o  V  i II 
I 1 4 7 r j k  j V i  1 V J  ! \/Er&\/Flj V  b o g  i cal I T r a n s k i r  1 %  ( \ / j  ? i f VM b it = 1 ; Rill 

I I I ( V k 1  i f  VM bat 0 t o  V i  lI 
6 I 1 5 0 i j k .  I V i  Vj€AE: I V  S h i f t  ! S h i f t  ( V J )  l e f t  ( A k )  places t o  V i  II 
6 I % 1 5 8 1 . ! 0  ! V I  V j C l  I V  S h ! f %  i 3 h i f - L  ( V j )  l e F t  o n e  p lace t o  V i  II 
6 I 157 I J ~  : V I  V j > A k  I V  S h l f C  I S h i f - L  ( V j )  r i g h t  (Ale) places t o  V i  II 
6 ; X I 5 1  i j 0  : V i  V j > l  : V  S h i F - s  : S h i f - E ;  ( V j )  r i g h c o n e  p lace t o  V i  lBCl 

I 1 5 2 1 ~ 1 ~  : V i  ;  V j , V j c A k i V  S h i f - t  I D o \ ! b r c ?  s h i f t  ( V j )  l e f t  ( A k )  places II 
I 
I I : t o  V 1  lil 

. - - - - - - - - - - -  
x: S ~ s c ~ c  i a l  CAI  s y n t a x  6?or.m. 
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I I I II 
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II 
II 

6 ! v S 5 2 i j 0  : V i  \ / j , V j c l  j \ i  S h i f t  1 D o ~ r b l e  5 h i f L  ( V j )  l e f t  o n e  p lace  II 
I I 
I I I I t o  \ l i  l l  

6 3 I t 5 3 i j k  i V i  V j , V j : A k / L  S h i f t  I l ' 3 o r ~ b l e  shli.GL ( V j )  r igh't ( A k )  places I% 
I I I ;-Go v1 I I  

G j *153rj0 j l J i  V j l  b i t  , D o u t c ~ ? e  < j l ? i F t  ( V i )  r i g h t  s r l e  p lace II 
a I I I e o  V i  18 

5 I 8 5 4 i j k  1Wi  S j + V k  I V  I n t  P d d l I n t c ~ s r  s u m s  o f  ( S j )  and ( V k )  t o  V i  !I 
5 ! 1 5 5 i j I ~  : V i  V j + V I c  !I\/ InL A d r d I I n L e g f 2 r  s u m s  o f  ( V j )  and ( V k )  t o V i  IB 
5 3 156"k OVi  - I  i\,' I n t  Add; In tegsr  d i f f e r a ~ ? c e s  o f  ( S j )  a r l d  ( V k )  I l  

a I I I ~ o  \ / i  I@ 
5 : *1!5Ei01< I V i  - VIc I\/ I n t  P d d ! T ~ - a r ~ s ~ n i . L  nega-tivc o f  ( V I c )  t o  V i  1191 
5 i 'Bts7ijl;; i V i  V j  -\/k I\/' I n-r P d d ;  117t.e~er d i f fe l -e rce?  O F  ( V j  1 a n d l  ( V k )  ll 

I 
I I I I t o  V i  /;%a 

9 I 1 6 0 i  j k  I \ / i  S jXFVl - ,  I F U P .  M ~ t l L I F l o a k i n g  p r a d u c - t s  o f  ( S j )  and ( V k )  t o  V i  I I  
9 I 1 B l l J k  I V i  V j : < F V k  l F . P .  M L ~ I - t ! F l c a - e i n g  pr?ducts o f  ( V j )  and (V lc3  t o  V i  ll 
9 i 1 6 2 1 9 k  i V i  S j : l t I V k  I i 2 . P .  M ~ ! l t I l - l a l T  p r c c ; i s i o n  roui?c!ccl f l o a t i n g  I@ 

I 
I I I I p r o d i r c t s  u f  ( S j )  altd ( V k )  t o . V i  I@ 

9 i 1 6 3 i j k  i V i  / 4 i 1 ' .  P .  M ~ i 1 . t  j H a l 4  p rec is ion  i - o u r j d e d  f l o a t  i r r g  I I  
I I I , p r * o d r ~ c . t ~  o f  ( V j )  and ( V k )  t o  V i  I I  

9 i 1 6 4 i j k  i V i  S j x RV14 I  F . P . M u  1 -L i Rf3urlc1w;I F 2 o a t  i , \a  P ~ ' O ~ C I U C " L S  o f  ( S  j a n d  la 
I 

I I I ( V k )  t o  'di i l  
9 I 1 6 5 i j k  i V i  \ I  J 8 R V k  ! F . P  . M u  1 t i Rour~cded f 1  c - m t  i ns:j ppl"crclucts o f  ( V  j and I% 

I I 
I I I ( V k )  LO V i  IS 

9 1 1 6 6 r j k  i V i  S j u l V k  ; F . P .  M u l t i 2  - f l d n t ~ ~ j g  p r o d u c t s  o f  ( S j )  and I l  
I I I , ( V k )  -to \ / i  H 

9 i 1 6 7 i j k  i V i  VjhVIVI; I F . P .  M u l t i 2  - F l o a t i n c ~  p r o d u c t s  o f  6 V j )  and I I  
I 

I I I ( V k 1  t o  V i  I@ 
8 1 7 0 1 j k  I V i  S J - k F V k  I F . P .  Acld I F l o z . d t i n g  s i i n r s  o f  ( S j )  and ( V k )  t o  V i  ll 
8 ! % 1 7 0 i 0 1 :  : V i  + FVl< I F . P .  Add I M o r m a l i z e  ( V k )  t o  V i  I@ 
8 I 4 7 1 i j k  1 V i  V J  I-FVC; I f = . P .  A d d  ! F l o a t i n g  s u m s  o f  ( V j )  and ( V k )  t o  V i  II 
8 i 1 7 2 1 j l c .  ; V a  SJ-FVk  I F . P .  A d d  I F l o : r t i r t g  d i f f e r ~ r ~ ~ e ~  o f  ( S j )  and ( V k )  l l  

I 
I I I I t o  \ t i  I# 

8 i w 1 7 2 i 0 1 ~  I V i  -FVI.; I I F . P  . A d d  I  T rans ln  i t 1 7 o r r n a  1  i zed negat i ves o f  I V k  l l  
I I I ! -LO V i  !I 

8 i 1 7 3 i J k  j V i  V j - F V k  i F . P .  Ac ld  ! F l o w - t i n g  differ-cnces o f  ( V j )  and ( V k )  'I 
I I I I T, o  \/ i 1 

16 i 1 7 4 i j 0  ; \ / i  / E i V j  I F . P .  R c p l i F I o a t i n g  r e c i p r o c a l  a p p r o x i m a t i o n s  o f  3 
I I I I ( V J  1 ' to V i  'I 

8 I 1 7 4 i j l  I V i  P\/ j I F . P .  R c p l I P o p u l a t i o n  counts o f  ( V j )  t o  V i  iQ 
8 I 174ijG ! V i  0V.j I F . P .  R c . p l I P o p  c o u r l l ,  p a r i t y  o f  ( V j )  t o  V i  11 

1% 
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cy -  I I I I 

I I I I 
c 1 . e ~  : CRAY -. 1 : CAI  mnernon i cs I Lln i -P; I Dezscr i p t  i o n  

. . I - - - I -  - . - - - I - - -  - - - - "  - - - -  - - - -  - -  - - - - - - -  I 

3 I 1 7 5 x j 0  I V M  
B 

V j  , Z I \1 Log i ca 1 l VM= I where ( V j  0 I 
6 I 1 7 5 x i l  I V M  V i  , N  I V  Logical I V M = l  w E l e ~ e  ( V j )  . N E . O  B 
6 Y75x..i2 dVM V j  , P  I V  Log ic :n l  l V M = l  wC'jers ( V j )  po5si t ive ;a 
6 3 7 5 x j 3  IVY/  V j , M  I V L . s g i c : a l ~ V l ' l = l  where ( V j )  negative i# 
9 i 1 7 6 i x k  i V i  , AQ, A k  ~ P l e r n s r y  , R e a d  I V L )  mtorcls t o  V i  f r o m  ( A 0 1  :1 

I I I j i n c r e m e n  c e d  by ( A k  1 i l  
9 j %176ixO i V i  , A O ,  1 j P i e r t r o r y  I R e a d  ( V L . 1  words t o  V i  f r o r n  ( A 0 1  I I  

I I I I i ncremer~.ted by 1 i l  
0 i 1 7 7 x j k  i , A O , A k  V j  JMerns ry  ; S ) ' t c ~ r e  ( V k )  words f r o m  V j  t o  ( A 0 1  !I 

I 
I I I I i ncr'emci-t'ted by ( A k )  I@ 

0 i % 1 7 7 x j a  j , A O ,  1 V j  lM lemoi ry  !S-i;or*e (VC ...I words Ffc~rn  V j  t o  ( A 0 1  I I  
I 

I I I I i ncr-e~ne;-j.tecl by 1 - . , . - . - - - - - - . - - - . - -  - - -  - - - - -  " . - . "  - - - -  - . - - - - - . - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - -  - - - -  - 1% 

- - . - - . . . - - - - -  
% Spec i o l  C A L  s y r i T 9 a > !  f o r m  
x F i e lr:! nu% used. 



T h e  5 ~ : r c . i ~  Det.ai I s  
- . - "  - - - - "  - - " " - - - -  

? n  . gerwr3l w e  1 7 i 3 ' ~ ~  -the .Fc 1 low i ng sc.clnar i o : i n order -to perform some 
a 1 i.e;.tl t, 1 on o F 3: l ie ~ t ~ > ' > ~ ~ ~ ; r j r i  t s rr F CFYW or' n*13r e QC? thc: rirach i ne ' s r e g  i s t e r s  or 
b?wr~i"y, z3n i e-j.strttc; t il <Ii3 must : C' 1 r -zP, ,  w e  i L  t o  be t,r.oldght i nta  one of  the  
l n:i l;r-1 dc'r % 09 bt rB S"er.s; S C C O I - ~ ~ ,  hr~4 L IJnt i 1 i or i r.l ,trlact i ons have star ted;  
tC7;imd, w a i t  t i l l  i % s  ~ ~ > c ~ ~ + J ~ * I c J s  ~ 1 1 ' 9  ava i lz~b le ;  and Fo l~r th ,  wai t  u n t i l  a l l  
sh; , a d  lowag :>;-uzi'k-t~ ( SIJCJ 8s ~;I-LI??- iq l C I I - \ ~  ~y t-) i t h  i 17 r01-1nat i or1 m a y  F low, reg i s t e r s  
t k ic3$% In.-y be ~?*:~~:~=Jler_B, r.nd f rdnc-k. i s - i q a  l ur* i t;s t brat rn-y be emyr l oyed 1 w i l l be 
a!!: i h ik, B L: :!dl I "  1 '"a -r,t.~tr r:yc l e  d e 1 r eqa i red.  Th? CRAY - 1 harcJwere m a  i n-La i ns 
rec:ei"lra-i; an - 6 ~ 4 :  1 es, r ~ p l A , ~  reed pi t h cyc l e, f o r  each rey  i s t c r  and a l l other 
S~CJI -ed  cornr orreid% s . B t r e  1 C.?:?(~C~Z or i SSIJG s an I n ~ - l , r ~ ~ c t  i orr on 1 y  when it can be 
cok?yr 11 --Led L, i P,hoia% i n+,err rer 1zna;e $ ~ - . ~ r n  crr.l-~r p r r v  i ous 1 y  i ssued i ns t ruc t  i ons . 

General ly, I; i m  ing 3nal y s  is bcg nc bvl?en -the f i i"sL i nstrcrct i on o f  i nteres-t 
issuer;, but i+, i s  naive not eo cons!-!el- i t s  plaf.enrent i n  an i ns t ruc t  ion 
b u T  Fel- c~rrc=l L h e  I- ctrte by wh i c l r  i 6 rc;:?c hco i s,-,a lab l ~ s  cond it i or1 . For many 
r~1lr,oriu;t-\v;ls, s F r 7 x l  C:-I;~TNJ;?S an 'tE-,e ;,i-cder n f  10% oc~;!nt. dspcrrdir\g on t,heir 
p lac321 3nk r.c>lat vt? -no t,hc s-~ils-r: c, P E l r~  i n?  l;ruct i 7 1 1  buf F e r . .  D e  La i 1s about the  
i rru-t rt ~c-" l  i or.$ f c a cl? mcc;h. in i s m  zir el f ~ u r , r , l  i n Aa-pond i x C . 

A l l  of the  i n 3 c a v m e - ~ i a n  ilatzd t o  clecide wbou-i; the  issue of an i ns t ruc t i on  
i s  con.lmained i n  i t s  16 b i t s  or,  i n  the  case oB e 32-b i t  i ns t ruc t i on ,  i n  i zs  
tlpyer8 10 b i - L Y .  I\lr>r.naal ly %he decis ion -to i s ~ u e  csr~ be made i n  one cyc le .  
WC-lc:n ran i n::-i.rclr:-t i or? i sz;kros, -t,hc eomp anent s i "c w i l l use r r e  I-eser-ved i n  the  
a~.ry,i-~jp ' id . !ec  -a;,~af>le fo r -  l;hr a p t : r r c r p r  l a Z ; s  t i m e  per icrd. 

C?rbie t ;y /30 c? F 32.-b i P, i rus-g;r (1c-l; i on, which m a k e %  a ~ ~ i 3 1 3 r  memory refer-ence, 
i s  aI lc , id~-ld  -1.0 I s s t a c : ?  8,rher.r all oi' %he crxnponcnts it ~ d i  11 n e e d  are ava i lab le  
excc;pu, pas9 i b 7 y ;kjo appr-op~ i qu,e merncl-y barrk. I .F -the bank i s  ava i l ab le  a t  the  
proput t n m e  s l l pror-.c?~+~Js norlna l l y . I f not, comp l c:t i on of the  i ns t ruc t  i on i s 
de 1 a,,~:?d oild xtje nex-r, i nst ruc t  i 0.') rec4~res.t i ng m e m o r y  i s  no-t a l lowed eo i  ssue 
Cdr~fG i l t 1 - u e ;  p r kc? \ l  i our; or icl? has ob La r' ned  t h? proper r,vxnu)ry access . I nv t ruc t  i ons 
no%" I- ,;.qir i r i r i g  ri3~rlr3nac:'rn?J, ksowt;\rer, wa:! proc;lrz-.scd rror m a  l l y  . 

l l r ? t  i l a spec i - F  ir: i ns-Lsuct ion issues, the  machine cannot look beyond it 
dl33,c mrn i , rP -%ha?, st,ame i;k i r'bg .f'uiL char down i n -the i r~s-t.ruc-% i on sequence cou I d  be 

dok;e, 1 1  is ' t h ~  T,r;,rz:,k e? LC"+ pr-ogrernmer ancl rsornr~ilcr -to so order the  
C C ~ L I ~ J E ~ '  i d - / ;  i ~ Y I  t h n x  h s r i  I<  c:r?rS,,t"!j ds lays a re  avoided. When you program i n  
a a c e m k ~ l y  I z ~ \ : ~ l r r - \ ( ~ e .  a t  i s  imlcat ,r t l- jn?r,  ( ~ n d  rrot d i f F i c u l t ?  t o  main la in an 
un-lei8 i.nsld i i nf tbal.-: I-esour'ces o f  the  mnlsh i rre ca l led I n-Lo p lay  by each 
i n---S;e*l!~ e i or.$ ai111,1 o f  L b i e   cycle^ i S )  wlrl i ch  they are ust?d, i n  order t o  approach 
cry i, i I I I L ! ~  ( , %  E l i J ,  3 ;, ; an cl r the 17.s~ d : d ~ r e .  

C P I J ~  i n g  iss.;lw C I I C I ~ ,  paths are opened so t h a t  informaa,ion can f low 
. F r c e r i ~  b " c ' ~ j  i S % L J G " S  tt, f e!ric;t 017k3:311 c~n i is; d ~ l  " i I?Q t h e  complet i l;n .:ycleJ paths are 



v.ec]k,! i r t?d f 01- i i7.B?cYirmw-L i 01-i t o  f 1 r-~LJ from F I  r n z t  i ona l un i t s  -to reg i s.ters. Only 
cue yrf-rr,h i s  F P  ai 1 - ~ l n l ~  t,o servire a l l  results being I-eturned t o  any of  the  
- h e  5 r i I T1rer-e ii s a lsa  D l - r e  pa-tl-I f o r  -the A - i - e g  i s - t ~ l r s .  Possible 
cor i f  l i c , t s  .svcim th~r: use OF -o; l r t ;ss  paths are rosol\ lcd L*e.For.e r n  i ns t ruc t  ion i s  
a1 1 c r ~ d o y c - 1  La i %sue, k sepa~e-P.~? path i lr7ti3 and out 9f  each vector reg i s te r  i s  
f i L rPo;-r~o.rcr, i n Foi .rn -3t i c;#n a r r  i v i n~ at. any reg i s t e r  i n a g i ven cyc l e  
ma!{ -3% so  b;~ v 'wAi  i - ~ r = t l  >c-;I by a ~~uk"~seqweiif~t inst; t ruc~ ion, i n  t h a t  sarrke cycle, t o  
~et'v13 as ii ~ b p t  r% Fork  ~117oL%er 0 1 -  ~ i . 3 5  i on. That i s ,  a s8rbs~ciuent I nstr  uct  i on may 
iscida 087 %he ;?,>?me cyr.Pa i n  \rb-tich i t s  ol~eu-arrds F i r s %  becc#ne  ava i l ab le .  This 
r cd i M . ~ C : P .  i or o l.' i c P a l - m  3% i or? ur'r i \l i ng c j l t  I vector r e~p i s te r  i s ca l led cha i n I ng, 
and i " r  kiln!! k p ~ + ~ . i l i )  (7nl\1 cluring t h r?  par-tiu:ular cyc le  wl-*lei? the  f i r s t  element o f  
thc i*c-:-j.a 1 t 1 :; , eT.a iv.u.rad f rc j~n  n .iFui?ct i o n s  l un i t . I F -two d i F Fet-ent f unct i ona l 
urri+,s, ~-. t~" 'urr t  t k ~ e i r  r i r s c  I '~J 'su~.~ ;s  i n  the same cycle, a t h i r d  i ns t ruc t i on  m a y  
c k t a l , ~  Fl-orx b,*th o f  -I.hom. 

hi? e):cyp-t i on t,o t h  i s  "same cyc le  rL.1  l e "  occi.rrs .For corjd it i onal branch 
irrstrr ~ C L  i [,rr% i:Pr ich c-riqrr i r e  xhn-t the  ir z4psc and reg l s t e r  I~ecomes ava i l ab le  

sornc?wJ. rc  ', bt3qoi-e il ssue . 

Two Sho6-t E X E B C T I ~  les  - - - - - - - - - - - - - - - - - -  

L.e% us consider w h a ' t  Lhc I?8rdwai rbe must take i n t o  account t o  decide when 
to i ssr le a acoc~ple 0 . P  t y p  i c.a l i ns-La8uc-t i airs. 

F i r s t ,  a scalar  f l o a ~ i n g  p o i n t  acld: 62312, $3 SlcFS2. 

Ivt-1,;3n .the i ns 1. ;..Lac i; i ac*) seiyuencc reaches s u c h  or1 i nstr-uct i on, the  hardware 
~k~;i:l;<; i t~ t-e:<e1 va C i c B"I t ab  les to see tht;ha t n o n e  o f  %he f o 1 1 ow f ng cond i t i ons 
a r c  "tr-r~e : I I 1 t l l c  .F l oeY i r ? r ~  glo i nt add f ur7c-8; i ona 2 un it i c  busy ( i . e ,  , 
resu:ri cd) iul -!,his c\i*,lc, ( 2 )  regis.t,lcr 53  i s  busy, ( 3 )  rcvgis ter  S1 i s  busy, 
( 4 )  r~ .GI i s'tsr 3% i s  I'EIJSY, 3 51) a rsserva-e ion GI>< i s t s  f a r  the S-reg is te r  input I 
pa-! h : cyc; Ias 1~cr;cc. I .S any o f  .ehrss cond i T, i ons are t rue ,  the  i ns t ruc t  i on 
does rpu~  ~SSLIE: .  Ii"rt17e i15t3~t cyc le  ( t h e  machine havina ~ipdated a l l  i t s  
t a t 3  "7:; 1 ,  the. s a m e  c o r d  i -L i ons are tcsced . Eventual l y ,  a l l tb~e needed 
cor*,y-sur r?n-t,s ) , # I  l l be :?t-eil or,d the i ns-truct ion w i l l issue. When it does, the  
d a!> I(-;.; w i 1 l P,a(rc: ( 1 d a ts~ j l sy  c:ond i l i .?n p l ?red oia S3 f orn 6 cyc les ( i . e , , 
cyt lec: 0,1,2,3.4,  e,,?cJ I;;) ;,nuj (21  a rcser-vaLion 171arsed or? the  S- reg is te r  input H 
pa r.17 6 ic:,~ l c ? ~  I.Ic~I.~':F? I C ~ C  1 %  6 1 . ( NO r?slr:r\fat i an i s put  on a f uncl  i anal un it 
b y  u..c. :~ ' lar .  i r -s ; , - t ; r r ! : -P; t rv l . )  Ai7 -the next cycle, %he a e x t  ins:,imuction w i l l  be 
c -c t r ,a  ~r le - 13q P a r  1 se:tdt- -1nr-4 t Plr- . onry*lorien r,z- i t needs w i l l b e  checl~ed f o r  
z w a i l  k * l l ~ - t ; y .  

Pnssw corlis i der z:t \vector i n s t r u c t  i on: 1 7 1  31 2, V3 V 1  + F V 2 .  

When  his .Plc~.s-ting pr>inX ' l rector add i s  reached, the  hardware checks i t s  
I "CS I~ I -~~~CA a; ! or,  t l* :S T;,r -Tohe .Po 1 l o w  i ng cond i t, i ci?s : ( 1 f l oa-t i ng po i n t  adder 
r*eaermi:~2d, ( 2 ?1 \IYIFSIC;-P oi* I-en i 5 ter V 3  busy, (31  V 1  busy, and (4) V 2  busy. It does 
n:~i'd; r~c-,c?rJI i;ch c;ht ,u=l.cl .Pot ~f ~ , E " I  1"t3se?1"vat i 01-1s s i nce eac,fr V-reuj isterm has i t s  own 
E - ~ .  Wh,,cs-~ srorille 0 4  -i,l?trst;e r-:ondia;ior?s a re  ,?rue, the  i ns t ruc t i on  issues. When 



i t  dac.s, ( 1 )  -the Ea1)31cs have a ha.!sy condi. t ion placed on V1 and V 2  f o r ,  
nrEi ( 9 , 5 )  cyc'lfl?s, \f3ihsr.i? IVL.1  is the  ctlr.rent val  w e  o f  the  veczor length 
r c  J ski ~r ("i pr~; .FY,)~* ?E7.11''1; v ~ r 3 " l ; o i ~ ~  a m i I? i muin reserva i' i on o f  5 cyc les occurs 1 , 
4 3 ) 3 k*!r::y $3 p 1 QC:(X! 067 the  r 1 oz-t i ng po i n t  adder f c r r  (V I .  1 + 4  cycles, ( 3 1 a 
htmy i r, ~.2; \1f - -r .  ̂ I 013 \/3 - F ~ r r ; b  l*ycle:= 1 t l ? r ? u ~ h  7 a r ~ d  cycles 9 through 
J + J ; ' < ~  : f  ( \ d l . ) ,  5 )  . Cyc-1.c 3 i s  the "cl,aila cyc:I.c. 

The Timing Chart - - - - - - - - - - - - - - - -  

W e  ca r~  Icp'?lsp .P<raic:k sf important cycles by l i s t  ing them i n  a  t im ing  char-e. 
The n, when ?.'c wail-t; T o  6017s i d ~ r  b.she"thci-. a par-t !cu l  ar  i ns t ruc t  ion can issue, w e  
have -!;hc i l l f c r t - m  a-',io~"s R-l; 17and. I n  pracl;ic=c, it is easier t o  l is% the  cyc les 
when r r ; a n r y t ~ s - r l - ~ ~ L  w i  l l r i3xl;  bcc-erne r~..ady f o r  use -chair t o  record those i n  which 
it l.3 ~ L I S Y .  

I n  such a char t ,  I and C r e f e r  t o  issue cyc le  and completion cyc le  For 
scc21avhsJ r~*?~bwc-F, iv~ : I~ f ,  w h i  1e I, C,e j ,F ,  and R r e f e r  Lo issue cyc le,  chain 
c y r ; l c ,  oper:*rnd r'srg i:;-Le%' ~ C E I ~ Y  cycle, .Punr,t  i onal u n i t  ava i l a b l s  cycle, and 
! r e s u l t  r e g i r t c ~ ~ r  r r ? o c l ~  C ~ G I C  f o r  vectors.  

Thcrs we have: I C B  F R 

62312 S3 SlsFS2 8 6 

w h i  le ,  supposing -Y;krc Pol l ow in^ i instruc-t. ion comes i n  sequence w i th  the  above 
ar-tcl .cl tat (WL. 1 = 64 : 

T h e  ncrmkbers e-ecordk*?d i n  tho war i 01~s co l [anins represent the  cyc les i n 
wh f cl> c:ei.t,,. i n i wrpo .t+ar,lrrmE; cl*?srrg,;s w i l l occur C I S  a  r e s u l t  o f  the  issue of  the  
irns~r*rac-t. ioia i n  q l ~ t 1 5 i ~ t 1 0 ~ .  IS~ncc . !  For scalar  ins t ruc t ions ,  the  l a s t  three 
GO l cnl"r, n slre nn G; part, i c14 1ar 7 y  i C.I P O I  irrc "; ve, 01*1e m a y  o m  it them. ) D i f f erent 
t y p i  :: o T i ~- i r - t -~ r~~g . : - t  i 0 ,  I:: -t i e t ip 1-4 i Fferent; ma?lt;h i rre resollrces f o r  d i f f er  i ng 
r e ~ ~ c n l w r  s cs F cyc; l cs, nc i 1nc4 i 1 -a Y cd i n  Tab le  1 . (See a lso  Append ices A and D of  

t:F:4Y - 1 ! > , r d w ~ . : . l . c ?  P'lali- va l . 1 I n 'Lhe e ,:am[> 1 cs t h a t  f o  l l od, we w i l l 
deb ' I O I I ~ , P ~ ~ ~ E  %he pr- 3c-t  ic(3l  lqsc3 obC these t im i ny numbers. I n general, the  en t ry  
it7 P h i 9  C cl,lilfl?r~ i s  T h e  I ncarnl~ei- p l us  t h e  appropriate i r i s t ruc t ion  
~ Y Y : C E J - ~  i C S Y ~ - C C ~ C T ~ ; - J ~ ~ ~ : ~ : :  i ime ~ I ' L ~ J C ' W ~   he f i r s t  C C ~ ~ L I Y I I ~  o f  Table 1 . 

P r e  1 i m i nary Crrns i derat i ons . - - -  - . - . - - - -  - - - - - . - - - - . - -  - - - - - -  

Ccrnsir%lcr - s ; h  f i r s f ;  adcl nren-ticlnecl above: 62312, wi%h I 0 and C 6 .  
The 6 klaz two m ? w v r r n ~ > s .  Fir.:-%, it i s  the  cyc le  orr which the  r e s u l t  w i  ll be 
rexuc-tjed to 3.3 IF ia - Lhe  ~C;-~-e!j a s t c r  outpl~t path. This means t h a t  t h  i s  number 
Ir;arriao?. a(!pe?;-r C ~ L - S  tile C cyc le  for* arty cl-ther ( l a t e r  issued) i ns t ruc t  ion whose 
r e s u l t  i s  dvs t ie?~d r ~ > r  any S - - r w j i s t e r ,  For e'~an.~p\e, i f  thc? next i ns t ruc t i on  



were 76567, t ransmit  a V-regis ter  element t o  S5, which takes 5 cycles, then 
T,he machine l i l r J ~ t :  delay i t s  issue. I f  you al*o recording the  I and C numbers 
for. a scr ies o f  ii-wtr-1lrc-t ions ,  you *;hould not ice when you record two ident i c a l  
1?um8szr.s i n  %he C c o l t ~ m n .  I S  the  second i s  a r e s u l t  f o r  the  same se t  of  
r eg  i sl;l*rs as the  P i r s t ,  it w i l l be delayed, and you must adjust  the  issue 
cyc le  :~ccord ingly .  

Secondly, the  6 has anotl-rer meaning. Cycle 6 is a lso  the  cyc le  on which 
the  r e g  i s L e r  becsrr t?s ~ V R  i lab 163 f o r  CiSe I e  i ther  a,c: an operand or a resu l t 1 by 
a n f r t h ~ ~ r  i n s - L ~ L I Z - t  i an.  Far exr in~p 1 c, i n &=ad i i?g s scT, o f  i nstruc-t i ons, one m i ght 
a-L-Lcwbkl't ' to  reuse an S il-c :a i s t  er  !:refor e i 3; bras corn12 1 eted a pr-ev i ous opcrat i on. 
Thcrs, ol:ue naight d o , w  I-2c;ipv-oral i n t o  S6 amd -then reed the  t ims c lock i n t o  S 6 .  
T h e  't imrng i s  xt-ien. 

since ?,he r e s u l t  o f  f,he c l c ~ ~ ~ k  read is not allowed t o  use S 6  u n t i l  the  I 
rercip,-ocal i s  tt-lroirgh w i % h  i%, This assures tha* the  r e s u l t  o f  the  
rec  i p r c r c c  1 w i 1 l be ovorlh,rr i l t17n by the l a t e r  i ns-t;i*uct" i on. 

It i s  perhaps more  common tl..iat a 1.ater i ns t ruc t i on  which would use the  
I-esw1:t  oF the  rec i p r c ~ c ~ ~ ~ l  asp an crperac-ad, wou1.d have t o  w a i t  f o r  i t .  Thus: 

wr~l l ld be the t irnirrgy f o r  7,17rse P,wo instt;ril!ctions. 

- - - -  - "  - . - - - . * - - - - - - - - - - - - - - - - - - . - - - - - - . *  - - - - - . -  - . * - - -  - -  - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
! Fcsr vector i n s t r ~ c l :  ions, the  ree la t  ions a r n o r r g  t he  numbers I, C, a, F, and 8, i 
:a re  F o i d r v d  US f 01 laws: Whan the issue -t; imqe I becomes known, then C w i l l be , 
lerqclal t u  I + r - h c j  c 1 1 ~ 1 i f - 1  T i m 3  f o r  % h i s  inst rucx ion ( the  e;hain t ime belng the  I  
Iff!v-wsticrnal urr i t  t l rne -1 21, €3 w i l l  eqtml I + ( V L ) ,  F = 1+4+-[VL) ( thus  F w i l l  I  
( ~ L ~ ~ I I L J  1 ly be aa.3 B l iere, ~ O W C V ~ R I -  , one except, i on e x  i s t s ,  f 01- vector s to re  F I  
i 1-35-c(\1L.) 1 ,  arid F i r r ~ l  l y  R C +- ( V L )  . For s17ort; vectors, where (VL) 5 4, C 1 
land f7 sre a? I>eSo~*a,  hi le B I+5 and R = C+5. I 
I I 
I 

Thus i f  ( V L )  = 2, w e  have: 

A l l  f i v e  vector r i r n i ~ ? g  numbers depend only on t he  clrain ( C )  cyc le  ( from 
Table I ) ,  (VL.1, and F S S ~ J ~  ( l ) .  



Two Bas i c Examp l es and Cormnents - - - - - - - - - - - - - - - . . - - - - . - - - - - - - - - - - -  

En the  t w . 7  ex7n.ilples brlow, talcen From (more or less)  r e a l  programs, 
rlear5 l j ,  a I I o f  -che ma i n j deas sur~~~ouncl i ny accwratt? t i m i ng oP code are 
men% i d 1 7 ~ ~ 4 .  E ~ 4 m  i ne t h e  i s-ts L s c r c t  i or? sequence and r e  Fer t o  notes f o r  an 
B X ~  l 3irnjt? t i OH 0.F Lhr? t i In i rsg I-r~!mlsers  l i ?-Led. 

F i r s t ,  we cons  i dcr  the  ear l i e r  exornp le ,  ABC: 

1 X CFT P =AQCSF, dN=G, L=LSF, a=eSF 
2 * LDR I=CRSTJB4BCS) ,ML=MSFIX=>(BS, t3RDER=CLNB,F IRST=BABCS 
3 % XDS 
4 CUk iMC4N /ABCOPliPlflN/ Fi ( 56 1 , CrUTRAbIGE, 8 ( 55 1 , C ( 56 1 
5 C A L L  I.. I Nli. ( ' IJN I -i 39=TEEPI I I \ IAL//  ' 
6 Y = X~:) (~X) (Y: ) ( :KX,K\ (X:YX~X 
7 tlt7 1 I = 1,169 
8 1 A ( H )  = I 
9 6UTR.4P1GE = 600~1P4000000000000000B 

'I Q M = IRTC(O) 
1 1  CAI-I.. ABCS 
12 N I R l C ( 0 )  
11 3 X = N-M 
14 W R I T E ( 5 9 , 5 9 )  C , X  
I ?  59 FBRMAT ( -/Ffi. O 1 
I ls S'i 8 P  
17 END 

AE3C cok-rr i sts o.P a FL3RTRAb? pa r t ,  ABCSF (MA I [\I. 1 ,  where the  RTC is read, 
and z3 CAl-  par.% A,FCS, wllf:r-+p a d r , ~  arc done. W e  note t h a t  w e  are t i rn i ng the 
1;a:-pr3 wlalzt-e the  ~~ssenll_aly pot-Sicn i s  loat.ied F i r s t .  

Listed b e l o w  is the  set of  s i x  assembly i ns t ruc t i ons  generated by CFT 
f o r  i;kr~? pp~l-t-ion 09 'tP,i? G O ~ P  where t h e  RTC rcad occllrs lextrac-bed from the  
I oag 1 i s t  i rtp . T t ie  -~ddi-ess 1 i sted i s  a f t e r  the  1 oad. Rzc3l I t h a t  I and C 
s c f  et\ L O  the mar-l.11 ne G ~ C  1e an ~ l - 9  i ch i nsxruc-k i or1 i s9ue a r 7 1 l  c c m p  l e t  i on, 
A espct--i i ve 1 y, ?cctlr (stx T E ~ $ I  IJe 1 1 . ( T h e  smal l l e t t e r s  r + c f  er  t o  notes B 
follow in^.) 



Machine code Mraemon i cs 
Addr-ess ( oc,ta l 1 (decimal 1 I C Comment - - -  . . . . - . - - - - - - - , - - - . . . -  - - - - - - - . ,  - - . -  - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - -  - -  - - - -  

251a 072300 S3 RT Oe I f Read RTC IS 
25lb 130300 000225 M, 0 S3 - t? Save RTC 251d 022700 A 7  0 3 1 4 3  Arg count I I  

lill 

2523 OTu'POUCI O O l O O C r  R ABCS 4 19k Cal l subroutine 14 
IP 

252c 1201 00 000225 1657m 1668n Get saved RTC R z; :to 2 5 3 :s 07T1700 1659 1660 Read new RTC fl 

Notes: (a ,b lcJd  a t  the  l e f t  r e f e r  t o  the  parcel  address i n  the  word where 
%he i ns -k r .~ r t  1 on i s I o@ated. 1 

A s 5 u t n ~  a1 I resources o f .  the  machi rre are a\{@ i lab le,  i n  it i a l  l y ,  
A 72 ir-r,c.J;r~lcl;icrn rc;quircs ui?e c y c l e  t o  complete a f t e r  issue (see 
Table 1 . I .k any p r e v  i ous l y  i ssraed i nstr'uct i or) h8d rreedecl t o  put  a 
r'esmlt, i n t o  any S-t-egic:T,er dur ing cyc le  I ,  -&he issue of  t h i s  
i n.sY P L I C ~  i on wuu 1 d h~rv~b t o  be dc l i:iyccl by -C he mach i ne . @ 
The instr t ! c e  i .?n f c a l  k o ~ ~ r f n g  a 16.-bi-B; I n s t r - ~ ~ c t  ion may issue on the  next 
c y t  l e  ( i ;? thclre I s no conf l ic t ,  as is the  case hzre) ,  S3 being now 
awai BaE~le. 
A s t t j re  i n s t r u c ~ , i o n  uses an S o r  A r eg i s te r  only dur ing the  issue 
cyc le .  T h e  r.c.2rrlt acttnal l y r e  3 ~ l 7 r s  memor*y several cyc les l a te r ,  but  
f CP 1 ~ 3 1 1  1 r p ~ ) ~ e ~  c.i S < J ~ S ~ ~ ~ C I C ? Y %  F C ~ C ~ I  i nStrrUCt i ens, ~/ lzctor l o~r~ds or 
wrc-?mob+y 1'914sy ~ c ) R . ) + %  it i o r ~  , the mcl?l*~?o,*y i s  ?sren-r i a l ly f rsc s f  t e r  four  
gy<:le?r;, wPt i  I t . ?  * *c rq;~jst,er i t sol i i  r'crnaans Free. 
The i ~ w - L i -  ~ i c - T  h *>n Pn> 1 low i iqg a 33 .b i R i nsLruct i or? may not issue unt i l 
ar-Leu' P cdc la:? 0 6  one c y ~ l e  (-to bypaps %he lower 16 b i t s ) .  
A "22" ins-Lr'r~ct ion recyrl~res on('? cyc le t o  compler;e af%er8 issue. I f  a 
prev i I!? ly i sc;ti~?Cg i nsP r 6 r c t  i on rw~?bdec! -to put  a r e s u l t  i nto  any 
A-regis-tcl- ~44.3riblig #cycle 4, t h i s  i s s ~ l e  wcllald be dzlayed. (But an 
S-reg resitkt r;ohelcl cornyrletc then without delaying t h i s .  1 
This in;:-t,r.uc i ion, which would taorn,al l y  r;svmplc-Le a t  cyc le  18, i s  
cdelaye-l for. oijrs cyclc? by m e m o r y  busy from "&he prc:! i ous store,  since a 
m~.?msv~y . -h i , rcy  f : - > r l J  i t  i or) i s  not al lrw~ecl wheia s- tar t  ; ng the  !etch of  the  
next 1 8.- w o r c  ' bt 1 ,"fat-- 1 oad 08 i n s t  s^L!c"C i O ~ S  . I f t.h 1 s " 807 i nst ruc t  i on 
~~ddrc+s-ecJ an i ~ l ? t r ~ c - P ;  i 017 f rom code a l r e ~ ~ d y  i w a F3uf P e r ,  it would 
coml';lo-ez aa; cycle 9 .  I n t l ~ e  case a f  s jllrnp i ns t r~ rc - t  ion, comple-t ion 
means -l;k iat tble j umpcd ---to I nsS ruc t i on may i s:;ue. 
T h i s  fo-t,ch i nstr-uc't i on canno-t issue un-e i l the  ca l led subrout i ne 
e r n  i See the  analys is  o f  ABCS b e l o w .  
When i.8, docs i C~SLIE? it w i l l reqt.~ i r e  1 1 cyc les for+ the  contents of  
trrenbor*y -LO rg3ac:h .t,kle S -  rea i ster-. The menrory bank w i l l be f ree  a f t e r  
only f o t r r  cyc les .  

M o w  c o n s  icller the  CAL. p o r t  ion of  our example, c a l  led by the  FORTRAN 
par'L i or) above. 



Y C A L  I = A R C S ,  B = B A B C S J  L = L S C  
I DENT ABCS 
CBi'IMUN ABCOI'1I"IN 

A 
B 

BSS 57 
G S S  56 

70 C BSS 56 
BLOCK AB CS 
ENTRY ABCS 

ABCS A 1  0 
A 2  5 1 

LOOP S 1 A J A 1  
S2 B J A l  
S 3  S 1  + F S 2  
C , A 1  S3 
~i 
A 0  
J A N  
J  
END 

A 1  + I  
A 1  - A 2  
LemP 
BOO 

?) i t ) k - e  CI.ap9 i I-\.= lr-ua; t i 06 - , s  here farm a loop t o  be p e r f  orbmed 5 1  t ames, w e  
WIW '.I-, 0 . 3 , 7 ~  i SJQV L l i c ' ~ ( ,  moi-e dl i t l ~ * t  c nlf;e. Ti14 i ~ - I S ~ . ~ ! A C  A; i O ~ I S  f o r  pass 1 are : 

.- --.." - - , - - - , , - . - - - - . - - . - - "  - - - -  - - - - - - - - - . - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
M a c h  i rue cclde Flnernon i cs 

A d c l r  I ~ ~ . ~ , . ~  (actel 1 (decimal I C - - . - . - --  ".-," - - - - - , - - , - . . . . - - - , - - - - - - - - - - -  " . - - - - - - , - - - - - .  " -  - - - - -  - - - -  - - - - -  - - -  - - - - - -  - - -  - - - - - - - - -  
20C3e 0221 00 A 1 0 1 9 k  20 
2 0 0 k 4  G22263 A 2  5 1  20 21 
20136 1 s.? 'I 7 CJ 0 0 2 5 5 1  1 S 1  A, A 1  2 1 32 
2 0 1 3  1 2 1  200 0 2 3 6 0 2 52  B ,  A 1  23  34 
20.1 c  C1623'I 2 S3 S 1  +F'S2 34p 
20ld I 2 1 3ub[7 025652 C , A 1  S 3  40 

40q 
-r 

202b 0301 1 F) A 1 A 1  + I  42 44s 
202c 031 81 2 A CJ A 1  - A 2  444 46 
2026 0'1 1 ooo 0 0 1  002 J,~,N L U ~ P  48t 5 3 ~  
( zu3ks 0050r;o ( J  BOO ( 5 0  57 I v 

, - - - - - - - - - - - - - . - "  - . - - - - - - - - . - - - - - - - - - - - . .  - - -  - - - - -  - - . - -  - - - -  - - . - -  - - - -  - - - - -  - - - - - -  - - -  
Flo-kes .For pass 1 : 

Cc. See prev i sun no%e k .  

p .  The i s s c l e  o f  .-the wid i n s t e -~1c . t  i o n  i s  del8yed LJnC i 1 both operands (Sl and 
S 2  1 hevc ari- 11 ':ad PI-OBH m e n  ~ r ' y .  T h e  cpainpl  c L i or( cyc le  of  t,he S2 f e t ch  i s  
r; he S-Lsr.7'. C?'C 1 e -! OP rZl?e! add . 

q .  A Floatir-rg p o i n ' t  add rcq l l i res  s i x  cyc lcs t o  complete ( from Takrle 1 ) .  

r .  Nornlal l y ,  liulcr! don't neec,! -LO consider mwnory. S3 is avai l ab le  t o  start t he  
s x o r e  a-c, cvvcle 9 0 ,  a n d  rr3nerins avsi lai>le fat. axher use i n  t h e  next cyc le .  



s .  Arr atdd?-css 2sclrP req~~ires tvrcl cycl E'S. (So does an A to A move, which is 
really an add oS 0 . 1  

t .  A condi-t;ical"lal jump instruction cdosra not issue until two cycles after the  
nc2etdcd . op~1-a/r,~3d b r c c ~ i n e s  sva i lab l e . ( AO i s re-tclr neli E I ~  46; 47 i s sk i pped; 
48 i:, ~ s r u s .  1 fYi;i.~sr- i 17s-crc1ct ion:, Eve17 o!\e I,IS i I ' P ~  A 0  (but not putt i ng a 
I-osulf, i n- to  Al'i) c;oul d i sr;uel at 47, &rrd 'LI'11'3 jump w o w  1 d st i l l go at 48. 

u .  TPr i s i 1.1-staclc branch (-LO 20Qc 1 reqc! i r e s  f ive cycles 

v. Tl le  nut1~het-s h e r e  r e F e r  to the cycles on which this instruct ion would have 
issued and c,>ni,j7rl C-tlzd, i f the p r o g r a m  d id not bu'anch back. 

"The i nF.tr.uct i ens 3k76 t i tn i ng for p a ~ s e s  2 and 51 are as f ol l ows 

M a c h  i ne code Mnernorl i cs 
A d v l r  ..:is ( octa l 1 ( dec; i r l ln  l 1 I C 
- - - . m u "  - - " " - "  . - - -  - - . - - - " . . " - .  - - - - -  - - - - - - - - - " - - - - - - " . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Par- -3 2 

. , . (add 32 La Pass 1 numbers) 

2026 01 1000 001 002 J A N  l - dOP  70 75 

C 2 0 S b  ,J BOO 72 79)v 

Pass 51 
(add 1600 Lo Pass 1 ,  number) 

202d 01 1000 001 002 J A N  L d O P  1648 1653 

203b 01135080 J BOO l650w 1657x 

Ncjte..; f o r  Passcs 2 t h r o u g h  51 : 

u . T h e  i n-stac=k hral-ich corrrp llc.l-t,cs and t h  is i nsi;r.r~ct i on i ssues dur i ng cycle 
53. 



v .  Bnce aaain, these are the  " i f  it d i d n ' t "  t imes. 

w .  T h i s  t ime it cloesn'-t. 

x .  The  r e t u r n  jump requires. only seven cycles t o  cornple-te because the  code 
-tl,iat cal led Lk'r i s  rol.rt ire is s t  i ll i n  a b u f f e r .  

y .  Conscru-tive scalar  loads (o r  s to res)  may i ss t~e  as few as 2 cyc les apart  
ard, i f  cht-.\. do no-k addrcss the  qame memory bank, f i n i s h  i n  1 1  qdd i t  ional  
cyc:Zes. I f  the  s e c 4 n d  does addrcss t he  samc? bank, it w i l l  requnre one or 
-t\flro ex-era cycles t o  .P i n  iskr, and a t h i r d  consecut ive scalar  load ( o r  
s-tor'c 1 \r,r i l l be cle I a : r c d  fr-om i csuc Len% i l rnemor y i s  f ree  ( a t  most four 
G ~ / C  ICS  I EJ ~ e t -  I . 

I n ger1i3i-a 1, a scalar 1 oad or stoli-e tha-t; encounters a memory conf l i c t  
( W E )  P c k a  cou! cl ? ~ n i e  f rorfi I /O 1 ,  isseles as usua 1 . This a l  1 ows subsequent 
nolrmt-naol-y ji nscr-ur-t i orss t;o [clrocced norma I l y ,  wh i l e  delay i ng memory 
i T~%~;T' I , !c~ i rr,-~s ~tnT i I e l w  cUnf l icT, is rezo1 ved, bn the  other. hand, vec-Lor 
l c>rncAs 01- Y LorL-.= ( arrd i ns-dr *u&;d  i o n  -bu.F.Ser l oabi i r?g 1 w a  i t unt i l memory i s 
en"~,  i ;*el~-.i?r"'t2c' k l r G ' ~ ~ b " ~ i ?  is!%tr i rig ( o r  Sta 't i l'lg) . Sukh delays usinal l y  l a s t  no 
rnor-e r . I v m k ~  cyf;le~;, 

T h e  cyckc?..; l is- tsd ~lkro~fe are the  actuzTl machine cyc les on which the  
even-R;s h ~ p p ~ n  Scsr t e ' l r ?  i3;eqq ~t-14-e o f  i ras-tr~ic-c i ons a i vci?. I t sho l~  l d  be c lear ,  
hornievcr:v., %hat we cc.01~ 1 ul pred i c t, these ncarnke~ 5: Froin the t i m i rrg i n f  orma-L i on i n 
rable 1 , -Roi;ye"l;k~~r w iwh.t7 a m i  r l  i m 8 1 l  u ~ r d e ~ ~ s t ~ a v ~ d  i ng o F  %he m&~ter i a l  From 
Appened i >: A ( LJ i I 1-1 the: c:ccep a; i 3nJ perhe~ps, o F the  n.nemory csnf l i c t  deta i l s  1 . 
One s imp1 y P V G C F ~ ~ ~ S  l i ne by 1 i ne, rec :.rd i ng CD\e P ive col lumns o f  numbers, l e f t  
-CO i-igkt. 

Tt~ras, qj ivr?n %,he -t*a-.r..;k 0.F w r  it i ng an € f  f kc i el?% scalar  loop t o  compute 
C = A + n ,  w e  carp t r l r  ;A Few r3l- t~ i-rla-t,e ways to do it, L irrrirsg each one as we go, 
un c. i l w e  have i dc:nt i P i ed the or+,e \A! i t h  th ie  lowes-P; l a s t  .- i ?sue cyc le .  

worrld cu t  s i x  cb,/clc.j from the  loop t ime and thus r e s u l t  i n  near ly  a 20% 
saxfa r l r j  i n  tho m c ? s s l r r e d  c: .(ec~!t  i on t i m e ,  (26 rn-thei- than 32 cyc les per loop) . 

While it is ac-v,ually possib le t o  accomplish t h i s  loop by a scalar  method 
i n  14  r:yrsl,?s pt:jr- p~;l:~rs, c:hlm yraral 1 e l ,  wor~r.ecurs i ~ i s  natLare of the  loop a l  lows a 
r n ~  cch grcn per SFI<, i r, J klv us i ng L:c!r';tor i n s t  ruc-ii i ons , So, l e t  (IS now cons i der 



c o r k  A 5 C \ l ,  arrd l is% i t s  t i m i n g  dexai 1 s .  For  an a l ternat lc  v i e w ,  w e  use C I V I C  
.For- ; I l i s  csnjpi lat i 

C I V P  C A B C V F  C V F  DVF L.VF P24  L 
% LDK I = (BABCV,  B V F  1 , PiII=:MVF: , X = X V F  
8 >(VF 

C0MFIt?N / /~WCC.II \ IM?W/ (-56 1 , 0 tJTRANGE , 5 ( 56 1 , C ( 56 1 
C~~~OCIOO?IA CAI-I- L! IVK ( ' UIV I reg-: TLI ;~M I NAL/ /  ' 1 
fIOC~O~~1 13 UB 1 I 1 , 1 6 9  
llnaOcJ2r: 1 A ( ! )  I 
olnocl r s r ~  ~ U T R ~ S I U G E  = G O C ~ ~ ) C ~ ~ Q ~ ~ O O Q C ~ ~ O O ~ O O O O B  
~ ) C I C ? C ' ~ I  I cu M = QC'RTC(9)  
BrlTIO I 25 CAi L ABCV 
flr900'8 3U N 2: QFti 1°C I 0  1 
O O c 4 0 1 4 B  X = N-M 
C13rI0 1 4.4 W R I T E ( 5 9  59)  C,X 

5 FIT%?R'I.'\T f SF 6 .  0 1 
t1000376 5TBP 

END 
m CAI. I =ARCVi E=XOO, D-:BABC\/, L = L V C  

I DEN r ABCV 
C6MMBN ARr'OPIMUN 

71 A BSS 57 
70  B BSS 56 
70 C BSS 56 

BLOCK ABCV 
ENTRY ABCV 

822363 AWCV A 3  5 1  
Q201) OIIOOC100QC A 0  A 
0 0 2 ~ 0 3  V L  A 3  
1 7 6 1  00 V  1 $A& 1 
0200 Ir000CtC17 1 C A 0  
1 9 ~ 2 f 1 Q  V 2  JAQJ 1 
1 7 1  31 2 V 3  V 1  + F V 2  
0200 ooanua G I  c A O  c 
1 - 7 7 0 3 0  , A 0 , 1  v3 
005800 J BOO 

END 

Again, w e  consider t he  c o d e  f r o m  one read R T C  t o  t h e  n e x t .  N o t e  t h a t  
s i n c ~  ?,his p a ! - * t ; i c l i l a l - .  sr?t 0.6 adds is n o t  n ? o r e  t h m n  64 i n  length, it can be 
dcjr~a w ; r,l-tcmia-F, l aacp i v-19 i n c t c - r  rc-s; i ons , 

lrle w i 1 1 now recurd  the  Fu l l f i ve co l u m r ~ s  o f  n u m b e r s .  T h e  I , C, 0, F, 
~ r r d  Cil ~*e$eb. a,a is:-tie c51(31e, chzin c=ycle f o r  vector  i n s t r w c - t ;  i o n s  ( o r  
cc>i,p t ec i c n  c y c  1 t f o r  sc:a 1 PI-s , a p e ~ ~ a n d  r eg  i s%er ( s 1 f r e e  cyc le,  func t  i ona l 
u n i t  -;'I% ~ ~ y c l i r ? ,  arwl re ;c!d-?. register f ree  cyc le,  respect i v e l y ,  



- - . - . . - - - - - - - .  - - - - - - . - - - - - - - - - - - - - . . . - - - - - - - - - - . .  - - - - - - - - - - - - - - - -  - - - - -  - - - - - - - -  - - - - - - - - - - - -  
Machine code Mnernon i cs 

Pbdc l r  ess ( oc,tc3 1 1 (decimal 1 I C Cg F R - - - . - - - - . "  - - - . - - * - - - - - - - - - -  - - * " - - - - " - - . - - - - - - - - - - , - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - . - - - -  
501 3d 0723C30 S3 RT 0 I 

(a, h, c, and t l  a re  parcel addresses, a f t e r  the  load, as bc fore .  1 

e. For ?;his carmpi lat i o n  t he  dest i nw-e  ion of  the  re tu rn  . j u m p  i s  already l o a d ~ d  
i n t , o  a b c \ F S e r ,  s r i  -t,l?e ksr-.+-~nch ins-Lrr~ct ion tsxecudes i ~ ?  only f i v e  cyc les.  

f . To beg i n  execla-t i on, t h  i? vect,or i nstrl.ncc i on needs A 0  and V L  t o  be ready, 
\ / I  t o  l a e  .P~-ce, ancl nw!~.sor;l t o  be f r e e .  Sirrce .e,hey a r ,  it issues. 

g. Tkle f ii-s-t r e s l ! l t  w i  1 l be eru. i \ f i r~g from memory nine cycles aft,er the  issue 
cycle. T h i s  cycle ( c y c l e  22)  i s  T,C.rc ~ h a l u ?  cycle f o r  t h i s  memory load. 
(Mcjrs 01'1 cb~a i ri j ~ 3 ~ 1  'i II noLe rn. 1 

h. W k ? n  t h i s  i ~ r s - L r . u . * . - ~ i  isscaes ( cyc le  131 i - t  trannsmits as operands the  
cranP,en-Lps sP -E;hcy V L  I - c ? ~  is-i-er, -the s l m z  in1 vaEkie 1 , aud reg i s te r  A 0  t o  the  
ancrllory f c~nc t  i r3n;21 h~rriT.. (S:lrnc vec.tolr n.lc?mrJry l o rds  lnse a second 
A -  r-ec~ is te r  f o r  Xd-lc i ncrcmerut . 1 A l  l. tb~esc sc-alur transmissions occur 
dursirag chc issue; c y + n l e  and a r G  he ld  by the  func-t ional u n i t  t.herea?ter. 
Cbll - . r7r? A 0  arbd SO a,-c rilsed as spec i a l  \falcies Lhc i r resel-vat i on i s  not 
chc cltcd, end so . L I - I - ~ !  do rtot delay i l.:swc. H e r e ,  I-io\hr~ver, A 0  i s  a lso  used 
t o  halld an zdclre: 5, and I sF it had 1"18 t bee17 E"rbee w h e n  needed, the  issue 
wocl 1 bc' rJ ? 1 ayclc!. 'l For a - \ l ~ c t  or l odd i rlstr.. l ~ c t  i on, no vector reg i scsr i s 
U S V ~  as i npl.JT-, i - t r ,  er-rtry 7 s, rnnde i i7 c01 umn 0 .  

i .  For. % h i s  iilsP,~-~sa-tion, t h e  F:~r.rctionsl u n i t ;  i r ~ \ ~ o I v e d  i s  memory. A s  wi th  
sc-I 1 3r iircrnol*b) 1-1. Ftsrlzrrces, :s m e m o r y  P:> side w i l l be busy For four  cyc les w i t h  



each ward r*ead. Tf the  vector load moves throingh at l eas t  three other 
Ca.ai~lc.s boSai-e rber.ui..n i irg a1 prev i ous one (as i s  the  case here 1 , no 
co i l  S l i c z s  w i l l ar i se, and a n e w  word w i l l be read each cyc le .  The f i rs- t  
w 0 r . d  is v e t  j~vezac.:r-1 ,?.I; f-yc 1 e 13 arad T h e  51 S-t a.i; cyc l e  63 .  The memory w i l l 
blr- ks~rsy .For 4 n?orahz :i/clles, a,t-~l-a! gh cyc le  67, ar jc l  f rl-e f o r  another memory 
,-ePercnce i n  .LPte YIC><-L cj lc le .  W C  recot-6 68 = 13+51+4 idindci- -the func t iona l  
uri i t Frcc CCII 1 I I ~ B . I .  No-t i 60 t h i~ . t  memory i s  f rels f i vs cyc les before reg i s t e r  
V 1  is rendv. 

j .  W ! , , c v - ~   chi^ fns t ruc r , io r r  isslrs? ( cyc le  131, i t puts a hold, or reserve, on 
~ - e ~ i s l ; ~ z u ~  V 1  i ra  order P o  b:c-c+p it avai t ab l e  f o r  the  words coming i n  from 
~~ ,c~n~ory .  TI)*? C'"I~SBI- \ IB w i 1 l be l i St6d a.f?tr.r the  last,  ward a r r  i ves. S i nce 
t,l..ue.CVk) i s  51, la:--!-. ( 5 1 5 . ~ 1  word w i l l  ar.rivs i n  cyc le  72. (The f i r s t  
a rL r  n v e s  il'r &r\ixCle 22. 1 I n the nc*>ct  cycle ' thc?  V 1  r og l  s ter  may be used for- 
31 io i  I.'uI?I* F\llmj GSeJ -L,hx-,-~3.;'ar*e we rC2~0f-d 73 = 32+51 under Lhe r e s u l t  reg i s t c r  
F GO R I . T I w  CQAY I1Cqrr9~dai -e  has orae c l e n l ~ r ? t  F o i ri.ter .For each 
'a/--r.t?~is+,er, ,sr?6al i - t  i s  ~seirJi -co select one oB "the 64 pas i t ions i n  the  
V - r e t - ~ i . - - - t e t - .  Thps :rrnirl.ker fl,r reg~istc?r V 1  i s  aucc?mnr;ically stepped from 1 
I;l)i'~~,aj?i 51 d ~ l i '  i r'rg C ~ C  Z C S  22 -t hrcs*.ngh 72. 

k . S i nce the  pi-e\r i O ~ J S  vector i ns t ruc t  i or? rc:ad ol it. A 0  and ( V L  1 , sav i ng them 
i n L h c  f elr!c_:t i trn~i B c ~ n  i u; at T he star  t of  . I8  hd? vr7c.P;or l ~ % d ,  suh.sequent 
i !us t ru<- -1  i n  us b::;%y n13diBy C k . z ~ n  isnnedia-F:r.?lr~ iJ~iT,i~rluT aGF?cP , i r~g  "the previous 
1 ns t r " !dc  t i on. 

2 .  I-lt-?re3 a m a j o r -  delay i s  cr?rol~nt,ered. This i nsxruct i o n  a lso  t ransmits  words 
fi-sm rn~g~oi-y -Lo a 11-royister. T h e  reg is-let- i s  wvai laE?~le but  the  memory i s  
busy, s o  issue i s  delayed - t i l l  it i s  Free ( i n  cyc le  681,  

m .  'Th i s  i ns t ruc t  i or? cha i ns. A t  cyc le  69, i-t i is f i r s t  cons idered f o r  issue. 
I-!o~,~cvc,-, kleFni-e it 4=2~^r be~2 i n execut i ng, t h i s  vcxtor  add needs t o  have the  
vector l e r ~ ~ - ~ l n l  r ?n i s t e r ,  reg  is-ter V l  , register V 2 ,  the  f l o a t i n g  po in t  add 
.F~r~sc F, i orra l un it,, and rs< j  i,-,l;er V 3  f rce . V 1  , as no-l;edJ becomes f ree  a t  
cyc l c  73; V 2  w i l l not k.>e f r e e  un-t i l 128; bur, ?;he f i rst element w i l l 
aa-r* i vte a t  C ~ C  l c  7 7  ant' d l ~ r  i ng t h a t  one cycle, it can be red i rcc-Led, or 
ckained, t o  z ; c r w c  a; irlput. .e,o t P l e  add u n i t  as we l l  as being put  i n t o  V 3 .  
The corrc4i-E; ions f o r  c h a i n  i r r g  are til-)us sat isf led dur ing cyc le  77, and so 
' e l re  i nstvucu i on Issues. 

T17e .First  r e s u l t  exits ?rot11 t.he f l o a t i n g  po in t  adder e igh t  cyc les a f t e r  
-c17e f i r s t  7rper-arrrjs were sent aver. For t h i s  i ns t ruc t  i on, then, i t s  cha i n 
c:yc; le  i s  85 = 7 7 t . B .  Sib-i l n r l y  i t s  r e s u l t  rc?gis-ter ( V 3 )  Free cyc le  i s  
156 85-f51, and i x s  Functional u n i t  f r ee  cyc le  i s  132 = 77+51+4.  The 
four  exLra cycle? here s re  equivalent t o  " the four ex t ra  cyc les needed f o r  
~i?c+rnory T i - t ? e  by t1'13 m i ? m ~ ~ - y  Purlct i ona Z un l ' t  . A l l S'unc t i anal u n i t s  rema i n 
I-eserved .For f0131- cv - t ra  eycles a f t e r  "Ghc lasC element a r r  ives dur ing 
vect,crr i nsu;vul,. t i 0 ~ 3 s .  Ti? as vrlacJns. %hat a subsequent slza l a r  ( or vector 1 
i? loat ir-rg pc t i i n l t  cic\d v:i:ifina-E; isrue unt i l cycle 132, s ince it shares %h is  
1~ 17 i t . 

o  . S i nce %h i 8 -  i r * 4 ~ - t F r ~ c - ~  i on requ i res  thaL vector reg i s t e r  operands be sent t o  



%he adder For the  r jotL 511 cycles, a reserve i s  plsc:cd on r e g i s t e r s  V 1  and 
V 2  ur%- t  i l ~s\!clcs 128, a L  w k i i c k ~  -e i b l i r  t h ~ y  w i ll bo%h he fl-oe and able t o  be 
IJC'E:~! by &I ~ $ u l ~ ~ c d e n X  ral:>er-at; i on . 

p .  Shis vec-tor s.t,or-e d.?e: I?(>% chair? from the  add. I n  the  f i r s t  place, a t  
r:ycle 85, tl'ro : h w i n  r:yc.-le f o r  V 3 ,  t h e  mlsmory i s  busy completing the  load 
o-F W 2 ,  In "ihe C I O ? C > ~ ~  place, s to re  insLrucLIons are 1~arrrsd by the  
I.),,r-c-lwdre F r - 7 n 1  c?la n i rig tlveri i .l: -the mzr,,or y f utict i ona l urq it i s  f ree  . The 
st tire doc:: d l '  t; beg % i? .dt C ~ C  lc 123 (whe1-1 -t E-re rlcmory bt-,cor?ics f r e e l  e i -i;her. 
I "i, con" t i 3 E 3 ~ ! t z  8L 123 btxailce Tc1.k~~-3 c ?  lemeri Yd p o  i nLer f o r  V 3  is no% po i r l t  i ng 

%c, V 3 ' 3  $ i r-s.;; el &marat, we) icEj c k i c  s%otue E T I ~ c ? c ~ ' ~ ,  but  r8 ther  8% eletnent 39, 
k i l l - b i r h  i s  b - i n g  reUt!lrnenB by -the f lac'al, ir lg-poin adder. 1 %  F i n a l l y  issues 
w h e v ~  r-ecr hc ter \ /3  is nat 0Cherwi~r3 k>tdsy and can have i t s  elemen-t po in ter  
re7sct, n~lsl'u?? y cycle 13G- -the r-esu1-e reg izter- fi'ee cyc le  f o r  -t;t-ie ear 1 i e r  
a~-Zc( . 

q. A s-tore clcaesn't cl7air.l to anything, e i  Lhclr. 

r .  R c ~ i s - L c -  V 3  \ t i  l l be Frc.2 af'Ler the  s to re  a t  cyc le  187 = 1 3 6 + 5 1  

s .  F i n s l  l v ,  %ha memar-y .Punc-r., i orual u n i t  w i 11 bec me f r ee  from the  s to re  f ive 
cyc.8@sY ap-ccr C h s  011,31-.-3317d r eqj istei-, V 3 ,  i s  Prce. A1 1 other i ns t ruc t  ions 
Free t h e i r .  F ~ A I T , C  i anal 1 ~ 1 7  1 % ~  four  cycle3 a f t e r  the  i I- operand reg i s te rs  but  
S-I;C+~G r e q u  n r e s  one r3>,-8;ra cyc le .  

t . S i rrce the ret,wrn fvdom stabrout i ne d i d  not reqcr i r e  memory, as the  address 
is a lreacly i n a bl !f Ser', -L~Ic? next i nst;i-uc-t i ot), which Por C I  V  I C i s  the  read 
OF the RTC, k~ets  i ssr~scd wlsll be fo re  %he vector s-t;aro cowpletes. 

u.  F i n a l l y ,  we n o t e  t h a t  - L h e  f i n a l  s-eore of the  RTC value t o  memory is 
clcla\/e.d by the v:,omcrt-y k > ~ u s y  cond i L  ion from Zklc vector store,  and issues 
wlltln' the  B ' I C - ? K I I G ~ ~  fun.=?, i ona I un it ready cyc le  occ\nrs. 

Conclusians 
- - - - - - - - * - - . . .  

It shocalcd Irre clr?al- froeri the t im ing  char t  above t h a t  the  C R A Y - 1  i s  not 
re+,tll l y  \itcry kbtasy clue- inq - \ , I r i s  vector add rout; ine.  For example a t  cyc le  78, 
i - p ; ~  i.>tsiest c y r d l e J  V - r e ~ i s - a ; e ~ s  O,4,5,6, arid 7 are f ree  a l o ~ ~ g  w i th  the  s h i f t ,  
f i xl=A add, m u  l 1; i p k y , re(; i i.jro=ol , and Zoq i & a l  f uric% i canal un i t s  . Moreover, the  
r j c  Y.!, 55 cwc l c ~ 3  b 8s l l n.= n.,os-e, of t he  prev i ous GO 1 cou l d  be used t o  i ssue 
i r ~ c ' c ~ ~ ~ : r ; c B ~ . ~ ~ t  i : " s t i * l l ~  t i on: $ c , r  -3 r-clat.ed e:alc~!lat i on, i f  one needed t o  be done. 
( 111 f i c"l ,, w e  t-,.afl ec-d-.-l-,~i;a 1 1:: d~>c-;rc~anse the  L i nze f o r  .48C\/ kry four  cyc les by us i ng 
satrrc r f 1 '-re i cl1.e I ,c 3 0 ~ 1 ~  ses . 1 

Fi-ec ;ucnt  l v ,  1-mi-a l l c l use 9 F avn i 1 ah 2e resoldr-css can be made, espec i a l l y  
i n  "E la t?  rqr* : or \It .  cd-~i- lnP,ps" rhree e~aknpler ;  of acT,l ual code are presented ii-i 
Seb:t i nlj l I  K c ,  ~ O L I  c h i s :  ZVSL k1<, GIVDIVO, encl Q V ~ I I W T ~ - I .  



I V .  THE C6MPUTER CBDE CYCLES 

GY CL ES i c p1.1h )i i c F i l e  or1 the  CRAY - 1 cornpv3;er.s a t  LLNL . I t was w r  i t t e n  
by RCJ 1 l i n I-i~bi-.d i vrgj P F o r t r a n  ,/ers i on o f  it has h e e r ~  made avw i l ab le  t o  Cray 

e 31 r:ky I n~-:or~i;~ratr-lrB i s k ) ~ 5  i ng mad i F i ed f o r  klse urrder the i r system. 

C:'U"CL ES i s  vod. a simulator arrd does n o t  have knowledge of  the  values i n  
el 1 r n e ~ c - h i n e  regasT.er:=. I t  I-iocs, however-, t ray  t o  keep "track of  the  values in 
%h~;? l t l l  ar ld, A t - ~ g  i :,L~?I"s. efp-t. i 0 i - 1 ~  a l l o w  "~hesc? r'eg i s t e r  V B  I UTS LO be spec i f i ed 
- f c ) r  C\'CI-ES U S U ? .  

T h e  r e s t  09 %hi:; 5eck ion i s  -taken fr-orn the  doca.lmenlat ion f o r  CYCLES. A 
BLI l l t i t n  i Le!dp, CVCB-FifiILbP, ~32n be cx-s;rac%esd fuuc.lm the  CYCLES pub l i c  f i l e  us i ng 
I r e r  

Cycles W r  i teup 
- - - - - - - . - - - - - -  - 

CYCl  ES w a s  dc s i gt.lra-d f o r  deta i 1 ed analys i s  of  i ns t ruc t  i on schedul i ng i n 
cc m p  i l r:d or* rsr;e-rrrE> Ze6 l !,'RAY codes. Tt-rc- r; i m i ng aria l y ~  i i s prcsen-ted i n the  
sphr-imt,,ur k\ , - ; i r i *y P1e.,ks*rr\ s i-epr#rt, U C I U - 3 C r 1 7 9 ,  & ( J .  1 ,  Tirnina Codes on the  
CRAW - 1 . I4ar.r-1 s ~ u o p  1 i u l  8dd i; t i ona l t i 1.n i r ig  rle-La i 1 s and tcs-t ed the  code 
cx'tenc i vc l y cd1~1- i rig i. l ~ c  drbugy i nyy per- i ad.  

Irrpcrt Lsu rYCLES i ?  any FISP f i l e  Pron? CAL, C I V I C ,  CFT, or DDT which 
C O Y I L ~ ~  i 1-IS " t .h~ inacI*t : n13 C ~ C B C  1 i it i ng CYCLES ,..~cce~lT,s s i ng l e or doub l e co l umn 
Il i s.L  i nus f i-<,in C P V I C ( M  oie L 013% i 01-1 1 and t P i e  f for i ns t ruc t  i ons per l i ne format 
f ram C F T  ( orr=gjl . Sccjuer- :es c3-F ocT,a I pau'cec? 8s may be entered f ro~n T T Y  or by 
spec i f y i r . x ~  a c - i , ~ l  wor~ l  B i n i  i C S  i n a col'lCl-01 lee or other b i nar8y f i l e .  I n TTY or 
b i rsary modes C~'c31 ES c7tJt-Es ' he equ iva1en-L CCAY aspernbly larrg~lage i ns t ruc t  ions 
-Lo tkjc c ~ ~ l ' k ; p r ~ t ,  a . e. drjlas a CRAY UNDd. CYCLES w i 1 l a lso  accept the  h i s to ry  
f i l e pt-o('I I C ~ C I  (3:f DD-b i n  tbae ribJE ou-tput; furmat nlocle. T h  i s  Form has the  
acl~lar.~"l=lqe oF ~ ~ . ~ i n g  c;ot-~-ec:~ k, :u~rkqols  Far 1uraria!9?r?s i n  the  program being undone. 

btrtpu-e, cc>nc> i s t s  n f  a copy o f  the  I np~lt; f i l e  w i ' th  UP t o  seven columns of  
t i vn i v l q  i nFor m.-r-L li r,n wdid@..~cC Tot- ~+:+wzh m n c h  i ;-re i nstr'llc:t i an l i ne. ( T h  i s  sverwr i t e s  
LI-1~3 cclmn?enl, f ' elJ  i I) C A L  1 i st l ngs. 1 T h e  N0653)PY. op% i or? w i l l suppress most 
13on-- i rr:<t Y I IC-L i OI"I 1 f ne8:= -from hc:~ i ou-r,puw, . T h e  seven t i rn i ng co l umns are : 

s~~arnhcr O F  cycles % h i s  i ns t ruc t i on  waiT,ed t o  issr.ie 
o c , t , ~  1 codr.s i derr-t i Fy i ng .any d.alays 
I ss l~c  cyfF-l s Par i;hc cc1rren-L i nstvbuct i on 
\lea-:-tor. ch-I i n GYC" IF? or* scalar cGmpl l e t  i on cyc le  

0 \ f e c ; ' ; o l .  r,p~:r;1117d reg i st ~r ready t i l n e  
F j f e s  .a 31" F l . i ~ r l ,  i i 0 r i 2 " J  i-ln i t read:! n; i m e  
R vec r, 'lr rpi u 1 r; r eilrcJy t i m e  



The I co 1 [rtnr? i s  always g i vcn; others are suppr.essed i f  nu l l or I 
i r  l .e l~t iane for- r h e  c=lrr-rei?% i nstrucs-t, ion. Alr.ei-nabc! de.F i r~ i t i ons f o r  columns C, I 
C=I, F, an~d 1.i" f equ- j krmp i 17s-t rut. t i sbns arE g i ven be1 ok~. 

I 
CYCI-FTS i r  very -$tist and i s  easi l y  run as a con t ro l  lee under T R I X G L .  I 

ai-1 r , $ 3 l d t  c a n  tm v i C W C ~  w i Lh~ i , ! t  l i ne wraparound by us i ng TUBE cotnmand S or I 
T R I  X ;I carnv.rian4 'ii V ,  1 Tss smal chi>r'3~"ters. Erfec.-ips of  al-tev i ng, i nstruc-t ion I 
scq r s r  t~ e.; c a r r  ho l.;t*rt~cC<ed 1 3 ~ 3  1 1y $?' rrat-r ang i ng 1. ; nes i n  CYCLES i rrf i l e  and a 
rer I I W ~ ,  L ng i -t br i t h o t ~ ' ;  ~-e. ,3~se1~"ih l  i Y"I:I yC:)IJr code. f3ne rnay a lso  r carrarrge l i nes i n I 
CY~,1-1'?" c l u - ~ ; . f  i 1 e and t ken [,me t l-,at as F;he i n r i l e  . C'YCLES C I V ll C output i s  I 
contbpaa,ible w i t ! )  s ing le  c o l u m r r  O I V j C  or,l.tl,ui CYC:IES CFT ,  C A L ,  and b inary I 
ou^E,p~~t a re  C ; O Y ~ ~ > A ~  i b l c  with CAL o u t p u t .  C Y ~ L E S  I IDT o~l"LpuY; is cornpaeible w i t h  
DD1' ok ~ t p u $  . I 

I 
A b i l i t i e s  and l im i ta t i ons  
- - - - - . . . - - - - - - - -  - - - - - - - - - - - -  I 

I 
I 

CYCLES is eldare s f  most of  the  f i n e  po in t s  o f  CRAY i ns t ruc t i on  I 
scClec4~1 I i rrg : I 

BIB 
- c h w  i n i ng reqi! i rements I - recurs n ve vector a3pt3c"Bk i ons I 
- no waits f o r  s ~ > e c  i a l  h,CJ and SO operands I 
- memory f unc-p; i onsl un it rbeql I i rernen-ts I 
- veca,or tncnrory conT-l i c . l s  due t o  8:x1? ir>crcn?ents I 
- A ancl S reg  i str'.r. ~rt,~rtk. sorrf l i c t s  . I 
- ex t ra  delay a?-kern  A 0  o r  SO ready f o r  candi t  i onal jumps. I 
- sca l sr \  riicmory barrlc con-F l i c t s  (w i t h  l i m i t ~ t  i ons I 
- insT.ra~-:c i or? bcaf ?ern fcLrshes, conPl i c t s ,  and delays. I 
- oth.--r. spec la1 l cases S 

I 
CYCLES ha*; - to  rnalcs assumbstions abou*, loader dependsnt condi t ions such as I 

i ns-f-.v'~rcat I on bi rPfer -  dc.l,qys and :!;a1 at- mumor y bank. con-f l i c t s .  Bank conf l i c t s  I 
p ~ ~ r  r~e;rr, be ~ ? c t ~ ~ c - l ; e d  i f rneri~ory addresses a r c  i ndc ;' i n i te. Addresses are I 
I ncJe Q i r r  i -i,e i f d hey i u-r\i .? l ve undz  F i ncd A ineg i s t e r  \!a l ues o r  unspec i f i cd I 
r e 1 ~ s b , : ,  , i on -F lags fll:~ t i c~ns are prov idled Lo spec i f y chat the  current  code I 
blfc l :  ( l o c q l  re1ot;a-cioc?) i s  Zocadecl on o 20b-worc! buF.Ter boundary or t h a t  a l l  I 
exm': q r r ,?  1 b 8 ok-.ks ( r;uk)r 3ll.i, i l a c s  o r  coisnsnhns j are l oarled an 20b -word boundar i es . I 
The r ‘ ~ ? l  ~ u E ~ P ? I  01 16 i3n rtqi,atA?s a re  - k .  , X .  , arrd 1-x ,  t o  se t  re loca t  ion f lags ,  and I 
P'IPtJF!". t o  t ~ l r r l  of' T I' aralc conf l i c t  checli, i ng . I Bf l f 'F,  turi?s of  F i nstrucx i on I 
bu C f d ? r  ~sl I E L - ~ .  i nu. B 

I 
V L  a n d  A reg is-ters - - - . -  - .  - - - - - . - -  - - - - -  I 

I 
I 

Many instruction t imings depend on v a l ~ ~ e s  oP the  vector length register- I 
arwd .2 r e g  i .il;er 52. CYCI . R ' $  a% lteiinipts to Sc~jerj \/L ancl A regs current  as I 
i ns r r -cic-t 1 on9 are proct3~ : ~ ? d  %ha-t set t h  : s e  req i s't-.~r.ij. A reg i s t e r s  se t  from I 
mew or?/ nr f r k c l ~  5 rcgis;;ors sr-o cons ic9src?cd i ndef i c.1 i t e .  R?sul ts  of  A reg ister. I 
I ; . : a l c i ~ l ; ~ t i ~ n s  invc.ll\rirg inch-:f inlfes are  a lso incler irr i te.  V L  w i l l  be se t  t o  F4 Q 
i F i u ,  i s set Tro l r t  an i nclcsf i n i t 1 2  A reg is-L%r. Reg ' s t e r  ch3nge.s are reported I n @j 



-E;kas; >re'tp~lt,. A u t ~ h r n e t  i c  req i s te r  se-et ing can be disabled by the  NUVLA. 
s?><r:?~l.d'r e l i Y ie OD-r- i crn . 

You ensy expl i c i - t  l y  rt?seC W'E~ILIB? f o r  V L ,  A, oiM N I  (next, issue) by 
i riser-t i ng con-tlLol l i nus i n?-Lo CY C L F S  i n[:~lt F i l e  or- as cosntn'-3nts i n  a  CAL 
soanri;e F i l e  . I rq cn  1 un.ui-~ 1 o.T -t,I-~e i npclt .F i l e  use I n  t o  set V L  -to n  (dec i ma l , 
use Cl.1 - to rbese$ co[!i-t-L~:rs and Farce %he next isslm S;s cyc le  n  (decimal 1 ,  and 
use 217, rn t ; ~  S ( = ~ Z  reg i r i . 6 e r  A n  %o in ( d e c  i4neA 1 ) . CAL C E J I ~ ~ Y Y I E ? ~  L S  )IILn, *en, and %An, m 
WocJ 1 d ha\le E"88Ybt2  F3 ?f  C C ~ ? ,  

For e:orldi.tEanaI jtrrnps, CYCI-ES assalmes drop -i;hi*ough timing. F\lorrnalIy, 
The r~yv: 2e caurtE'.r:r i s rcso-t tilr zero 31 Fter* each unt-;and it i o n z ~  l j ump . However, 
I .6 tCre: f a1 2014 i c?g i n s t r t  IG-C i OI? i s Y - C C C ~ Q ~  i zed (by i tr  address) as %he ta rge t  
i nsli-uc-t ion ,  then t i n 1  i ng crvrt; i nurs \h i thout  r'eset . This can be accompl ished 
by c ~ n k r o l .  cards ( C Y C L  E O F F /  I N/'6131 o r  I?:IFEAYn de - c r  ibed below) o r  by 
ru~i*~-ar\l-g i 11g the i r ~ p l n C  F i l e .  

For a j uanp i tqstr~~c-t i on ce r ta  i n c o  l ilmns are i;-edrc,!f i ned : 

C Eat- l ies-a; issrss f o r  t l  e j uunp tar.get i f  "cha jump i s  taken 
€3 TargeE; i n s a  ruci. i orr b u T  Ter codle ( see I -bu f f  sect i on 
F 'rat gtz-t !s~a.le P i m e  f ">r- art i r ; - 6 0 \ r . F - F c r h  jump 
R Target. I ssuc2 t i m e  f o r  an OL t -o f  - bu F f  er  j u m p  

A n  ou-t-o-F.-bc.!iFFcr j u m p  c::ln be s ign  i.F icant  l y  delayed i f  memory i s  busy, 
f o r  i ns-tanc:e, culnp kc?% i ng 3 vector s to re .  

You 6817 con-trol  the  acitput .For a jump t o  a  l a t e r  i ns t ruc t i on  by 
i nset-1. i ng a c c  7-LI-o !, l i nr3 CYC1.E OFF i m117ed i 3 t 1 : ?  l y  =Step t h z  j ~ m p  and a  CYCLE I N 
or C!C:l-F" OIJ-T l l r l c  ~kn~~lc?~dia'e?ly beFol-~e the target; ir?st;ruction. CYCL-ES w i l l  
s t  og, t i YT~ h ,7c1 aT.eerU I-~I-IE? PiZF and w i l l r-er.rme by i s:;u a rig the  t-rrget i ns t ruc t  i on 
at -Lilt% p r o r ~ e r  I N 6311f T e r -  or. dUY O F  buFfer i s s u f .  L ime. Comments, %CYCLE BFF, 
emit;c., car1 ke used i n  a CAL- source as wcl 1 .  

C, RcilEATn l i ne can be used f o r  a;onT. i nuous L i m  i ng over a jump t o  an 
ear 1 i 1'2r i nsZ ru~ - t ,  i or). T h e  REPEAT 1 i ne i s  i nserted i mmsd i a-te l y  bsf  ore the  
%ai**Gl ! t  irIs%rlrcl;iort. Ft-0~13 t h e n  on, each jump i n ~ ~ r u c t i o r ?  i s  cl-lecked t o  see i f  
i t,s -,;jryct an act i \re repeat l i ne. I C' i t does, the count n  i s  
dr?crnl~i~~et-~ L e d ,  nricl t i t n i  i'~g c.:ol'l-t. i nuts a t  t h e  ta rge t  1 i ne using the  i n  bu f fe r  t ime 
p 1 r s s  a l l y  ~lp~;rl*r3pr~ i atc3 dt2 l ays f o r  reu i s-a;ct?rs or func-c i ona l un i t s  . Up t o  t en  
u'epct.,! l i ~ 1 ~ 2 s  m 2 y  be uc% i VF-. a-e any t i me. Repc -a - t s  m a y  be ~.rested. 

I nsLr8! !r;t  i on bt.1 F P c r  I I -lsuf.S 1 delays - - - - -  ...,.-..,,.- " - , - - - . - - - - - - - - . - - - - - - - - - - - - -  

I 
I 
B 
s 
Blt 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
H 
I 
I 
Blt 
I 
I 
I 
e 

T h e  CRAY has 4 instruc-t ion bu f fe rs .  They are loaded i n  r o t a t  ion.  Each 
hcr I d s  201n wor,ds ( 6 4  perc:e Is) of  i nstruc-c; ions. I -.loir.Ff dl2 lays occur each t ime 
~ x ~ c I A ' ~ .  i 017 91-1 i .B-LS Fram one 83uf f e r  to en:>-eher due T O  a j i.rmp ins t ruc t  ion or 



simply w h e n  crass ing from o n e  20b block t o  the  rrext. Pcldit ional delays 
rheurJ 1-1; when nlr ~ n o r y  opers- t  i oms c;or')f l i c;t, rrv i C h  i nsLruct i on fetches or8 when a 
two -pai"ce l i i?s-trr,8c-t i 011 :;tra Ad l es :9 buf f c i- boundary. Fo r  I -bu f f  check i ng 
CYCL ES E X G S I I I ' U ~ Y  ~ I 9 ; 9 1 ;  I e l a t  ive w o r d  zer o is loeded on a 28b-word boundary . 

I - bu-? F del:ayP are i nu? ica'led i n t.ba usua l w a y ,  us i p-tg dr. 1 ay code 200bJ but  
a d c l  i L i n r ~ 8  1 i 1.1fo1 .;n;tl-t. i on i s e l so g i \{err : 

I The P i r s t  ins-%rr.!tt i o n  frorri a b ~ f  Fer i s  mar-ksd (between t b r e  W and D columns) 
by a l s tee r  s,b,c, o r  d For kruf.St2r 0,1,2, or 3 .  Upper case means the  
i nsl;rk,i z k  i ours were .i?e-ir:hed From mernc,ry; l ewer case means the  bu Ffer w a s  
a l :-eady I c ~ d e d .  

KI Fa r  j u m p  instrcnctions 'the ta rge t  i ns t ruc t  ion bu f fe r  i s  given under the  d 
colinrnn. A Q ~  i 1% i~pper C F I S ~ ?  is o u t - ~ P  - k 3 ~ 1 f  f e r ;  lower case is i n-buf fe r  . A 
j um~r T O  an e)(ta3rnt3 l ( '.( r e  l of; 1 adclr-ess i s  a 1 w a y s  cons i det.ecl out -o f  -buf f e r  . 
An 1~17cond i r i onak j uenp oc!L-OF -bu.Pfer clssims one i ns t ruc t  ion buffer- unless 
the  1\16 I C L R .  opt i on i s  u ~ e d .  A &in 1 i ne can be used t o  c lear  n add i t i ona l 
i ns-eruct i on b u f f  &ins. 

H Delay code l O O O O b  shows t h a t  an instruc-Lisn feT,ch was delayed because 
m c m o l - y  tzrcs bn,!sy. M e c e u s e  of  loczlc-ah.r?ad, t i ?  i s  does not cause an immediate 
deli7y of  issue, b u ~ ,  it ~o:-s.  s i ~ n a l  a possib le delay f o r  a s~~bseqwent issue 
l u s r ~ a l  'ly t,hs targjet i irstri,icl; ion of- an out-of  -LuSfer jump appearing i n  
clal~rrvn~\ F )  . 

A ???lay code 2 Q O U O b  indicates L5at  %he parcel address f o r  the  current  
I n5l;ruc.t ion was i?ot i n  a current  I -bu.Fr" or one tZ-1a-t h:3d been fetched. No 
de lay i s ass~?c-'s\:id, 

I Qeley code 40000b i ~ - . r d i ~ a t c s  the  p o s s i b i l i t y  or? a delay t h a t  t h i s  version of  
CVCk.EFl ~ ? u I d r r ' . t .  ciea. ari,a I ne. T h e  marlcc?d i nsti-uc;t i on i s  parcel  17c of  the  
currcrut I asti8cdr% i art ksufFer. I F .the next i nstrtic-6; i on ( 17d happens t o  be a 
~ w a - ~ ~ ~ r r c ~ l  l , rs t r i~c -L i * ,w  d - e ; t + u i s  is whet S h e  "Liming s ~ ~ b r s u e i n e  d i d n ' t  know) 
PP?c3iu lY7c W~J~JIC~ b ~ ?  ~hl >yed 1.~n1;i l one cvc le  b e f o r e  %he issue time ind icated 
on ;,lie 1 ~ b 2 . , i < Q .  l i n e  For8 17d. -I:.ris dclay O F  parcel 17c could cause fu r the r  
clel-?y:: rroi ~l-aowrr ?'or- 17d, 2<3bJ or li L e t -  i nsei-~dct ion:. Correct t i m  i ng can 
be p r  s ~ d t  r t *  ad i rt -t hex r:t.!r,-er) t. \rl-.rs i on by i nsca~- t  i r 1 0  an I nu contro l card before 
'1717, mdl'ert"? 11 ( ~ l ' 3 r : i ~ i : d l P  is . t k ~ e  cC;LrecP; ~ S S I I ~  t i l n e  f o r  1 7 ~ .  

The 1 a.%e.r.t vers i on 0-f CYT'I-ES i s  m a  i nta  i ned i n CRAY pub2 i c  f i l e  CYCLES.  
'Bmil-sc. f IE-I P p-c lj abi~c.c arms PI--we-o, l u t e  be l ornr . The  oulpput f i le i s r.lamcd C i  i n f  i 1 e and 
i s  l.sl"-r; on ~:;nt,E:. fl,w ~ t a s - t , i r , g  File w i l l  bl? c1ve~-wriz;-r;en. I f  the  T i l e  
ovc-lr S I OWL;, Pt3cyt.~c tl'*-e I F ~ ~ J I , S I : ~ ~ ~ - P ~  w i l k kta added : 0 0 ,  eec . 

This writeup i s  a v a i l ~ ~ k ~ l ?  as CYCLENUB i n  pub l i c  f i l e  CYCL-ES. It w i l l  be 
rev i zcd 3 c.k,lrrr jesk, i errs zjrt3 mar,rC: or ~ h a i ~ r a e ~  made ?,o CY CI-ES . T h e  I-ev i s i on date 
i s  ~ E \ r e i ~  csru 2-i'6~? 1 .  



P lcaseg senc! silqc_jest i 017s f s r  enharrclemenl s t o  CYCLES or l i s t  i ngs of  any 
huqs y r o ~ !  I-:BIc~:~~~~I;Z,CI* -LO Ro l l  i n  klarrl ir ' l~ i n  A-Dlv is inn ( L - 1 6 ) .  

execute l i nes: 
cycles hsp4'ite type <nocopy. novla. . . .  n o l c l r .  & >  / t v  
cyc les tty / t v  
cycles binfile 9wa lwa cabs, end> / t v  (b inary  input mode) 

type i s  c a l  c f t  c i v i c  or dclt 
< >  skuomrs o p t  i cii?s. keep i n  order ,  no comma F o r  dropouts. 
nocopy, suppresses ndr~ i n s t  r uct i on l i rjes 
vrovla. cieFeats a l l T + o l t " ~ ~ t  i c  r c t r  i ng of  v l  end a reg i s te rs  
nbof F . ..-upprbr%,sez mew\ L ) % r ~ k  c ~ ~ n f  l i ct c-hscl: i rjg 
+x .  s:>slr,%es 1-~07;1-a -+ , arld x . ( j ncreas~os r i e m  bank check i ng 1 
+ ,  ausur'?e,u pip ? s i ? n L  sool-t ine i s  l o ~ ~ d e d  on a 2 0 k 3  bour~dary 
x .  ~ r l s s l ~ n ? ~ ? ~  ~ x % ~ ~ ~ I " I R  1 s are I oaded ob-t 20ir - word ho~~c-~dar  i es 
+>tre loc.  act setc; b o - ~ h  -trneloc. and xveloc. ( a f f e c t s  i -bu f f  chks) 
-kr*elcrc, ucc, = > c r - F F s c t = s c s i  fc t r  local  word 63 i n  i -buk f  and mem bank 
xrelocz, oc-r, =:.of Fse-P;-oe:t f s r  ex-ternal relolc vars and subrs 
i bu E'F. ~ 'uppi 'esse~ I nu t ruc l  i on bu f fe r  check i ng 
rho ic l r  . scspycmress clcac- i ng arr i -buFF a f t e r  out.-buF uncond jmp 
23 t o  con  C i ncre ek*er,u-iie l i ne 
fwa,lwa a r s  octal;  may have a,b,pa,ph,etc, parcel  tags 
abs. C ~ A ~ - I Q ? C  b ~ z ~ ~ ~ n ~ e d  33300b rn i nus w s r * d  oi;'fset t o  0 
end soy? don't as!: f o r  ,ldld i t i on:al fwa lwa p a i r s  
oultBile I-~LIHZ~C w i l l  be h4- inv i le  n3me 

type de l -q/r;d f o r  1 i st o f  dc $ 1 ~  codes 
-t.ypc h c 1 p . s ~  T o r  BisX of  inclle c o n t ~ o l  card options 

i n  c o l  1 O F  cycles' inylr t  T i l e  ( c a l , c i v i c , c f t , d d L )  use: 
I i l  tea c GT, \rm,tor F e~rgj;ch -to n  (decimal 1 
13 n  L O  f-esu-i; ~..c:g s L e r  s anc. se i; n e x t  i :,:,ue t i me t o  n  (dcc i m a  2 
bn to (2 leer- i;.~ ?uld i i, j anal in:; r u c t  i on barf Fers 
i 1-1 t o  cc i; ruc;~% i 2 -be Lo n  ( a - i e c ;  B \~.r i Lho?lt r o s e t t  i ng reg i s t e r s  
am, n a,o ..ei, I - C P E J ~ . S - L ~ ~ -  a m  t o  v ~ ~ c I : ?  n (d~;c:,mlaijl 
repica L n !+ 2 f  orsa -La ae tt ; nsf r t o  & irne n  j u m p s  back t.3 t a rge t  
cyi.. l e CP P r' d . ;aPt l r F ;  y c  1 r3 c c t t  l n t  i ng, , I  rsz a f t e r  cond i t, i c>l~a l j ump 
cycle on ,*ESuiilc co ~ r r k '  i nqg a$, Lhe i n  l3r~f$er '  j urnp  "c i m e  
G ~ G  le i a )  s a m e  as I - y c l e  urr 
c~rc  l e  o i ~ t  pe?uiiir count i ~ 7 ~ 2  c~3k  t h e  ' ou Q; of buf Fei- ' j um.3 t i me 

cn,c:e ;dny rs r Lhzre 33 ~ ~ ~ r n ~ i e r r - t s  i n your ca l i rrl? i l e  : % a m ,  n  etc. 
i n  T T Y  rlr4-)dc use 1 n c1-1 i r j  an, n1 as ?l>ove, and use 

ploci t o  s 3 t  parcel  t t ; s j  word ' loc eirjd P E ~ T C C ~  i = a , b J c , d J p a J  



DELAY CD : 

ac tsll rde l a\f c o d ~ s  : 
1 k, .I?urr~.s E; i o r  rW 1 1\17 i .t not ~-eacly 
2b rbesttl"i; r'cg i s t e r  not ready 
4b ope, and c - c b : $  i sxei -  n o t  ready 

l ob  w 8  i - t  i ng For chain cyc-le 
20b a or  s ~-c:ci i s*,tJr T 1-r,rnlc conf l i c-t 
40b s r - a  l ilr ntt-st, lr  r y :jbrei-,>t i cln bank c o n f  l i ct 

100b cor,d i -s; i c s a a l  j  snip d -~ l r%yed  by a0 o r  sO t'al_~':y last 2 cycles 
20Qb i ns.t,,-uc, z; i ova h~,!r P e l  ole 1 ay 
400b oy,\~i-.c.rnfJ i:l'r8 i II'I L yr, lrs don' 't m a C c h  . ~8171' 'i, cha i n . 

1 CPt"lBke iri I c: ?lad ch :~  i n ..!,tc 1 a 
L!Or#~TJkr w-3 i A;S SCPI*  a/ 1 i nstrLelct i O ~ S  -LO cornp leti2 
.30r'lnh wn i e i r re,. ~ * r  13 i :st EL b 1 ock t r ans  Fel- -Lo F i n i sh 

181)00ki  a nu P - k - t a e l  1, r OV*P Fe-tch dc layod by ~~~~~~~~y [L -~u -~Y  
2RllnC\b CUT ,-+en% i I F  kr i 1-1 ~ n c ? : < b , c c t r - d  buT F e r - .  no delay added 
491E130b \so::: i h 1 L,: -Lwc p'3rce l sp l i r, ds, lay s f  17c 



I 
I As men% i oi-red above, s o u r c e !  code .For a l l these exarnp les is i n pub l i c L I5 I 
! -F i lc? CI..ASS 017 t h e  CRAY - 1 . T h e  t im i rnig nun?!~?rs are from code CYCLES. I - - . , - - - . - . - - - -  . - - - - - - - , -  - - - - - - . - . - - - - - - - - - - . . *  - - - -  - - - - - - - - - - - . . - - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  

ZVSEEM i s  o BASEL-I B fr-rncl ion dez igned to Find a target value in an 
unor jc red  l i s 4 ; .  T h e  original version w s s  written about a year before the 
LLGdL- nb~-?ch i i3e nc-1- i vcd anA k ~ s  s i ncc been upgr*aded by use of t i n ?  i ng ana lys is to 
run bllf~re %hart tw i .se &I-s Faat. Most of t he  stnoad i ncrease w a s  obta i ned through 
a s i r n p  le algor i 2'.l,na r;hsrlge : r c? lacsewler~t O F  a log i cal vector i nstruct i on by a 
lF i x e  d odd. W * % ~ ~ e \ ~ e r ,  nr? ock! i a, i ona 1  I-~ca l t h y  ga i n c a m e  tl?routgh i mproved 
harid 1  i r f g  oF ?;he V ~ C ?  f r loop i r~a ? ee;I~rl i qub. T h e  mL7 i n l oop of the  or i i nal 
roll rl i t.rr sau.iu i s . L c i  or" 1 14 i iisti-uc i i r ~ n ~ .  

This vers i o r r  p r * ~ c , t c a i - ~ e ~  -the target at %he end of the search array, so 
t h ~ t  i t  mc,!st; evcrPt,rrclly o x i - L  on a hit. 

- -  - - - . -  - - - - -  --.--. .- . .  - - - - *  - - - - -  - -  - - - - -  - - - - - - - -  - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A '  ? :  I ns-i i sac$ i o r ~  I C 0 F R Comment 
- *  - * -  . -  -.-.- " . > " - . * - - -  - -  n u  - .-". - - - - - - - - - - - - - - - - - m u - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L 6 4  V 0  , An, 1 0 9 - 68 73 Get next 64 values 
V 1 S6I\VO 9 13 73 7? 77 XU13 cach with -target 
VM V I J Z  77a -b 141 1 4 5  147c Check for hit 
S 1 VM 143c 148 VM to S .for count 
SO VM 1423 149 VM to S fsr test 
A 4  ZS 1 149 152 Count l e f t  zeroes 

(n+eded if hit) 
JSN H I T  151d 156 Exit if hit 
'4 0 A 5 + A S  153 155 .Lac. of n e x t  64 values 
A 5  C5+!%6 154 156 Up A 5  by 64 
J L S 4  155 l6Oe GO CII~CIC next 64 values - - - - - - -. -. -- - - - -" - - -. - - - - - - - * - - - - - - - - - - - - - -" - -. - - - - - - - - - - .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

a. Ssncc the VM is Fet by the  logical functional unit, Lhis instruction, 
wt-~ich also u:c,s T h e  lc~gical unit, d e l a y s  cont i  1 %he uslilt i s  f r ~ e  and does 
rjcht, eIT~u i n . 



b .  The vector mask i n s t r r ~ c t  ion never chains i t s  output -Lo anything. 

c .  While another l o g i c a l  vector operatior) using t h e  VM-register could s t a r t  
at cycle 145 (for- exaiirple, merge), the  VM cc3i7not. be read out t o  an 
S -- rbog i sRer (1n.P; i l wo c;yc l es I a tcr  ( sccs the  CIZAY - 1 Herdunrs Manua l , 
p .  4 -69  or. p:-1g~ 12E  O F  thc o n 1  i nc version, I _ C S D - . 1 5 8 )  , Thus, we record 
147 5 3 s  T h e  reg1 :,T.c*:r free cyc le .  

d .  This inst,ri,~c'Lion i s  delayed cine c y c l ~ ?  since S O  has not been ready f o r  the  
necessary l~nused cyc le .  

e .  As wri-cten, t h i s  loop ic" t a k i n g  160 cyc les For each 64 elements searched. 

- . . - . - I - - - - I - - - - - - - - - - - I - . . . . - - - I - - I - - - - - - - - I - - - - I - - - - I - - ~ - - - - - - I - - - - - - - - - - - - - - - - - - - - -  

Adclrsss I r7sti.-1.ac-8; i on I C C3 F R Comments 
- - - - . - - - - - - - . . - _ ~ - . . " - - " - . - - - _ ^ . - - - - "  - - - . - - - I - - - I - -  - - " . . - - - - - - - - - - - - - - - I - - - - - - - - - - - -  - - - - - - - - -  
L64 VO ,AO,  1 0 9 - 68 73 

A0 A 5 + - A 6  1 3 No reason t o  wai% 
V 1 34-VO 9 14 73 77 78 Subtract each f ram 

ta rge t  
A3 A 5 + A 6  10 12 Get it out of the  way 
VPCS V 1 , Z  1 4 f  - 78 82 84 
SO VM 84a 85 
S 1 VM 85 86 
A 4  Z S  1 86 89 
JSN HI T 87 92 
J L64 89 94h 

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

f .  Since the  Pixsd st,~h.trac-8; was used i n  place of  the  l og i ca l  d i f ference,  the  
vec-t. sr- m s r l . .  i r l : $ - t r k e ~ - : V  i or (:an saow cha i n i t s  i nput oper-ands . 

g .  Exchnriging Lhe order of  the  VM tr-ansrnits Lo S saves a cyc le  l a t e r  on 

h .  The loop i s  now pe r f  oebming t h e  same serv ice ns before but  using only 94 
cyc les For"  e ~ a c h  E4 e l e r n ? n l s  searched. 

Th i s  l a t t e r  1 oop represents appi-OX i li\a%ely a 40% improvement over the  
f orrner . However, becar rse: ( 1 no func.% i one11 tdn i t  i s  used f o r  more than 68 
cycles, ( 2 )  no regi.2ter is u.;ed f o r  more ehan 73 cycles, and (3) there are 
p l enTy of un~l.i,er.S v5c:g i s+,~:?t-s, one w o u  l d  expect t h a t  add i t i o n a  l sav i ngs may be 
possrble. 

Anot;her i-t,cm t h a t  skroukd be taken i n-Lo considerat i 0i3 i s  t h a t  t h i s  method 
i s  ru ther  irsLeP.k" i c : i e n l  f o r  tho:,e zeerchcs i r j  w l q i c h  the  t i~ rg t? t  value i s  Pound 



i n  t he  f irpst p o r t i o n  O F  a set of  64 elsmel-~tz~ searched. For example, suppose 
the l i s x  we ar-e C;~=: I "C  h i  ng h 3.5 6 4  c n t r  ies. err) the  average, we would expect t o  
fii.rd t he  t,argict valur- Err the  .Firs% h a l f  o f  The 1js-t as o f ten  as i n  the  l a s t  
h a l f ,  but For a1 l t,l~cse G=T.@s, the  loop as b~r-it-Len w i  l l requ i re  khe f w l  l 1 i s t  
t c ~  k ~ r - 3  - t ~ l ~ t e : - d .  

I n  f a c t ,  -there i s  a c lever  (almost hero ic )  me%hod ava i l ab le  which can go 
through i h i z  p a r t  i c t , ~ I s r *  scar-cku loop i n  cxac? l y  68 cycles per 64 elements 
searbcl-be7d. P Pre t r * e c ; t w c ? n  c be l ow, howe,rei-, i s somewhat eas i er  t o  code (and 
dr?k>ug b ~ s n d  o rBht3r-s an irnp>rovei,ir3nt i l"r L ~ C  t % m e  I . I S C ~  t o  f i nd -ehe ta rge t  over 
e v e n  T h e  I-a~-.rr;ic me-thcld, on t h e  avcmge, For rrsarl:;hc?s up t o  51 2 i n  leng-th. 

The m a i r a  t r i c k s  employed arc :  ( 1 )  breaking the  array i n t o  vectors of 
lenp+;h 32 euch; (2) rep1 f ca -L ing  the  l o c ~ p  b u r  using a d i  Fferent se t  o f  
V-c-egisP.vu-s For* eac11 ha1 f ,  ( 3 )  load i c-$a ancl  c,t!k~tract i ng a secorid se-t of  32 
e10w1d?t7ts w h i  l e  wait i l ia f o r  %he VPl inslr*~!r ; t ; ion for' the  f i r s t ;  32 t o  f i n i s h ,  and 
( 4 1 l aad i ng ex-Era unuletxi~-*s~ 12 le+nrerrl:s  i n the  f i r3.t ha l f of  the  1 oop and us i ng 
an okhsrhlr i se unnt~edl~d \ ~ t s c .  t o r  operat i on i r j  -the 'econd he 1 f Lo m a  i nta  i n -the 
cets-ract t, i in i nny 5 0  :,?hat the I racd-subttrac-i;: -\JM the E n w i 2 1 not be broken. 

T h e  t i n.8 i rrg r:8har-t .%or th,? ma i n l oop i s g i ven be l ow. The notes f o l l ow i ng 
arc vbc..f cv et.r~zecd by l i ne ial-rvnber . 

- - - - - * . -  - - - - - - - . - - - - - - . - - -  -- - . . -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Address I nz t ruc t  i on I C tT F R 

- - - - - - - - - - - - - . - " - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1 F i rs-t h a l f  o.F wia i r l  loap 
2 
3 A 2  35 
4 A 5  ADERESS 
5 S4 TAKGET, 
6 
7 L64 A 0  A 5  0 
t3 V L  A 2  1 
9 VO & O J  1 2 

10 A 6  3 
1 1  236 A 6  4 
12 V 1- A 6  5 
13 A 6  A 4  6 
14 \/ 1 S4-VO 1 1  
Y 5 S1 VM 4 5 
16 \/ M V 1  , Z 16 
17 S O  S 1 17 
18 A 4  Z S  1 18 
19 J.W N I T  20 
20 S O  S6-33 22 
21 A 6  32 23 
22 A 5  A 5 + A 6  24 
23 S 3 + S 6  25 
24 DUN 27 
25 



Sec:.ond h a l f  o f  main loop 

A 5  
J A Q ,  1 
S 4 - V 2  
1 5  
VM 
v3,  z 
S1 
A 4  
ZS 1 
V G < A O  
H I T  
S6-S3 
A 5 + - A 6  
2 5 3 - 3 6  
32 
LC54 

A 5 - A 6  . - - - - - - - . - - - . - - - . .  

L i v l e 8 .  R P C h c ~ u g E . r w ~ ~ a r e  o a - ~ l y g o i n g t o c h e c k  32elemsntsJ w e t a k e c a r e t o  
l o ~ ~ 4  35, 3'trc reason f o r  t h i s  w i  11  sppizr' at l ine 33. 

l i n e  9 .  S i ncc tk1~1-e ~JI-e 35 e lc?~nc?~~.rt,s be i ng 1 oacll:xl, F = 2+35+4. 

I- i r 7 e  12.  Now w e  cut tire VL back t o  32.  R e d u ~  i rrg the  vector length j n the  
r n i d 8 l l e ~  o? CJ :Pair? i s  psr.Fectly safe. I-lowever, increasing it whi le  
c:ha ~ a? i ray t 'c1r~ lead to w;-ong a ~ s w e t - c .  ( i . o. , the  answers may d i f f e r  
deb it nd f nr  on ~ex~terno l ti\ ?ply +en i n g s  sldch as I /d % ~ c t  i v i ty, system 
I n3,c.;,rbui-rts, and opcrarrc:ls o1n-t OF t - ~ ~ n g e  l . 

L ine 1 6 .  The chain continues, w i t h  the  func t iona l  uni-t becoming f ree  a t  
cyc le  52, whi ke the  \ /PI  i t s e l f  i s  no% %ransmi-LPable t o  S1 u n t i l  54 

1-ine 29. When w e  reach here w e  are simply wait  i ng f o r  the  previous vector 
mas!: iristl-r!ca.ior~ a% l i n e  16 =to f i n i s h .  Since - L h c  memory func t iona l  
u n i t  i s  f r e e ,  w e  m a y  as we l l  s t a r t  t o  load the next 32 elements. 
W e  e;h~.>cse n o C  to load 35 elements t h i s  t iae.  

L i ne 30.  The f i xed a8rAdr;r is a lso  Free so  we m a y  as we l l s.l;art the  next 
subutrracl c ~ t  cha i n "e i me. 

Line 32.  W e  must resc'lje the  prev io~as VPl reg i s te r  s e t t  ing before w e  can form 
a new one. Cycle 54 i s  the  ear l iese  c h i s  can be done. 

L i ne  33 .  The cyc le  fchllowit~g the  vrrove of  the  \ IM t o  S1 i s  the  f i r s t  cyc le  i n  
whisk we CEjipt stat-i; a new VM irrsta%uc%ion. Happi l y ,  cyc le  55 i s  a lso  



the chi73 i n c!rcle for the subt~.~~ct, at l i ne 30, so the chaining 
con% i v r r  l:s. Not ice w k ~ a t  wo~~lcl havc? halcq->ened if we had loaded on1 y 
32 elrvnet~tc- at line 9. First, For %hat  instruction, the functional 
unit 'ioc1t-l have Gone Free at cycle 33.  Sdcond, the load at 1. ine 29 
woi,! 1 d E ,svo then P:~eqi,rr~ E t C ~ C  113 38. Th i rd, the subtract at l I ne 30 
wci r~ '&d  b:,-rva cbiaii~ed a x  cycle 4 7 .  F=il;aally, the VM at line 33 would 
h~v.2  h n i s s e n d  't0.'1e cl\,.aim~ r"yc l~1  (921, slnclz we h21d e o  hold it up for 
the rns\:> of' ehe ole, \i'l\"l 1-0 S1 , Thus,  it woclld noe have issued t i 1 l 
c;f~le 87. 
Bu-t; s i nce the loop w i l l nclrsiral ly carat i nue back to the VM at l i ne 
16, and ."s i Y Z C ~  wc h8\~r:l nok loaded 35 elements this t ime, w e  must do 
sumeEC7ir?g s;o !rol.cl ka-;.:lr the Iozd ax  line 9 in the next pass, or the 
VM a% lirre 16 will - G I - i i v i  mirs its chain cycle. 

Line 35. Iicro w e  s - t a r t  L O  pull another trick, dhich will delay the load at 
l i ne 9 i n -r;hc ne .tl, [~.i WI-,~?!  3 t: the sak17e 3, i me pro-Lect th is l oop 
aga i : PS? ;a pr-rb lcrn ( i ,a t i rn i nu, not cori-ccTness that may ar i se i f 
%here 1s an i n-tc-r rl let>-., dur i rag its c?:tsclr-P; ion. The prosect ion is free 
in @er8m::, c8;r ? k , e  cyrlcs relcjw i red Lo do it, but it does require extra 
i 17s L r l ~ c ~ .  i ens. 

Line 37. This is %,he prq?tecPion instruction. Since it is putting 15 results 
irr-a;o \t10 U S ~ , I C , ' ~  ttle " h i  Ti; F~!nctional uniL, which has a chain time of 
6, it will t i e  1 ~ 1 s  regEsmt,er V O  until cycle €30. T h i s  in t u r n  will 
ca~ise -ithi.? rbcxr, I (>;ad a-e l i ne 9, wh i ch uses VO, to be he lcl unt i l 
cyc 1 c 0 0 .  T h i s  is the  e>lacs cycle c l e : ~  i red, since it w i l l br i ng the 
~ t - ~ a i : ?  cycle froill the c ; u k , t r s c t  at 'tine 14 to cycle 94, the cycle 
irnnledfii tely af.i, 2 r  i , la? one ir) which we 68t-t f i r ~ t  Save the VM (931, 
A t  The s a m e  -c line, Y'c?~-.Ic-~~css of whel her- or- not s o m e  interrupt has 
conre all ong a r J  b a t  e i x e d  our carc.ful t i tn i rag, t h  is w i l 1 force the 
next loud (at l in2 91 to hold long enodgh rclative to the previous 
VM so %kaaT, we lzrl k l be back in sync.h thereaFter. 

L i ne 38. I n this prc1jran.p a d d r * ~ ? ~ ~  HI T has a1 veady been put i n-t.o an I 
i ns-t,r811r.t i on kuu f  T e r n  1 4  t h  1s were not 'tk'lc case, -eha jump would I 
c s m r  l+:te at C?IC le 91 . I 

L ins..; 37 thr~uqG+~ 40. 
Sevclbn l i rr 5tPl;la:t i ons a re  consp l ~zt i ria i n cyr; le 65; each uses a 
diffcrenL regnss;er set. 

Line 43. After $i!nlpin~# beck, WE? will be holding at line 9 -For the completion 
OF the ins-tr- l~~z- ' ,  i o n  at 1 ine 3 7 ,  The loop t i n r e  w i 1 l be 78 cycles for 
each 64 el~-rn~?n;s -tlr;l;%erJ, but, on the alrerageJ w e  will exit in the 
upper ha9 F oB Lkre lor.)p half the  -tinae, which provicles a further 
speed i ncrearrln, el;Fter: i a l Iy vr3' l ~ a b  llcj f 04. S C ~ O ~ L  '.3rT.rc7ys. 



QVD I VO - - - - - -  

!as anolhzr e:~abnr->le, w e  present the  cod i ng f o r  Q V D I  VO, t,l?e CRAY - I 
STACML- I F.3 d i \f i dc ,.ou% i ne. 

Bn the  CRAY, the vector d i v ide  a lgor i thm used t o  accomplish the  FBRTRAN 
vector sta+c:--nwn-a; C = A/B, whcre A, B, and C ai-e vectors wi,"h a r b i t r a r y  
( 2 i rs-.arU s t r  i db?,  i-eqr! i ra1zs -Lh&^fr?c veCtar m e m ( 3 r L f  0[li3r8 t i ens, thk-se veczor 
m u l - t ,  il;l'hy op;:rr? t i orls, and o n e  vccaor rec ipr-ercal approx ir,aat ion i ns t ruc t  ion For 
ec~c,ll ti4 c: ln?hvc-n G S  ' $ 1 1 ~  t.ijrt-?r+i-e; Cr- T i mi.: 1 ernci7l;a-t i on of  t hc  gsneral vector 
d i v  ic+Je l osp r s t j u '  i ec: 44:5 cyc1c:s p l ~ r  64 e 113b11ent.s stored p lus  some s ta r tup  
P. i n r e ,  w l ~ i c l - r  br inas e t . , ~ ~  c o f % t  $ o r  S ~ I C ~ Y  divicle t o  rolaghly 7 cyc les per 
eIerra?ri-t,. H.JW-.~CI-,  BC>:t o v e r l ~ y i n g  the stnrincy 0-5" ihe r e s u l t  f o r  -the f i r s t  pass 
t l. ir-+c\l~~h  he 1. oi.p ~ i 1 w 6  r;I-ie I r ad i ng or the  ~-1jmw.a-lnds For the  t h  i 1-d pass through 
-tl.re I r<op  w i t / )  -bE"rl;! m t r l i c i p l y i i r ~  5 t . i l l  being earl-ied OLI-C. ?or -ihe second pass, 
orle t3$171 expec-"n' %o 8 ~ 1 )  j ejre S C ~ P  iil? i ng on -&;'ue c+r*cJ13r o f  tw ice CF'i's performance. 
I n  Tac:t, the ~llenr-2t. ;cc31 m i r ' u i m u r , ~ ,  205 r ;yc l c s  (68 + 68 f o r  laads + 6 9  f o r  
s t r , r . ~ l  per* 64 I+'JzII",~E"~IR.= 1 z?f-i z r  S C I ~ " L W ~ I  %-i;3r?.iJp t i m c )  i s  achieved i n  t h i s  
rocai;irtc. The c l l i i l n g  ~clm_;ii-t For- T h e  m F n n  loola i s  given w i t h  notes below. 

- - - -  - - - .  - " . -  - - - . - - - - ,  - -  - - . , - . - - - - -  - - - , - - - - - - - -  - - - - - - - - - - - - . - - . . . - - - - - - - - - - - - - - - - - - - - - - - -  - - - -  
L i ne I nst rr,act; % on I C 14 F R - -  - - - -  - - - - - - - - , . . . , - - - . . . - - . - - . - - - - . . , - . . - - . - - - - - -  - - - - - - -  
-3  V 6  V 2 X I V 1  - 1 3 7  - 1 2 8  -73 - 69 - 64 
- 2 V4 V l  x F V 6  - 6 4  - 55 0 4 9 
- 1 A 0  S 5  - 6 3  - 62 

0 J S P  TWUTF7 I P - 6 2  -- 4 8  
r# B U F F E R  B d U N D A R Y  

1 V 2  AO, A 5  -48  - 3 9  16 2 0  25 
2 LP VL A4 - 4 4  - 4 3  
3 lrk3 A 5 % A 7  - 4 3  -- 37 
4 5 3  A 23: - 4 2  -- 4 0  
5 V3 S 0 4- V 5 0 5 64 68 69 
6 S3 S3<6 1 3 
7 S 2  S 3 .I- S 2 3 6 
8 V 6  V 7 x  I V 1  5 14 69 73 78 
9 5 3  A 3  6 8 

1 0  55 S5+S3 8 1 1  II 
1 1  A 0  S5 1 1  1 2  111 
1 i f0 AO,  A 5  20 29 - 88 93 

V L  A 7  2 1  22 
V 3  V 4 x R V 2  7 3  82 1 3 7  1 4 1  1 4 6  
V L  A 4  7 4  75 
A 0  S 2  7 5  76 
V 7  , A O ,  A 2  8 8  97 1 5 6  1 6 1  - 
V 5  / H V 7  97 1 1 3  1 6 1  1 6 5  1 7 7  
V 2  VOEVO 1 3 7  1 4 1  2 0 1  205 205 
V 4  V l  WFV6 1 4 1  1 5 0  2 0 5  209 2 1  4 
V L  A 7 1 4 2  143  
A 0  S6 1 4 3  1 4 4  



Line -3. \>be c-.l?ooce? To beg i rr the -P; i m  i ng char t  somk2wnat before the  loop. We 
h~,; .? - t r ,  z5-L~16 tl'rf:*: t i an i n~ ~ ~ o m g - ? k ~  l lr?rC . A1 b it r a r  i l y, we may take the  
ss;arv oF i . t a i s  i l a s t r .  ~ ~ t i o s - ~  as i31riy < ; ~ c I c ? .  Cycle -137 w i l l  be 
~ c > r l - . ~ + : 6 " 1  i en-t . 

L ine - 2 .  Al; % h i s  po in t ,  it, i s  c lear  %halt the  s-tate of  the  machine p r i o r  t o  
1 nn? - 3  w i  l l  have no eFBe~ct 01-1 the  issue t ime of  -t,his i ns t ruc t  ion.  
IActwa1 l y  a !rcc'tor* rec iprcrzal i ns t rus t  ion wh~se  r e s u l t  r eg i s te r  
\\,as \/dl co;~id s t i  l l  k a ~ :  i n  progress and would delay t h i s  issue by a  
few c y c  1 es bu'l: " L l - 1 3 %  i s not. .t I-~e case. 1 

L i r-es O and 1 . 
T h c  j{rnmp he;-e t o  TWBTRI P i s  ncit taken. Eiowevcr, a  16-word bu f fe r  
bcrusrdar-y r 30 c>cs.a 1 occurs af ter .  %Ire JSP i rtstr uct i on, and t h  i s  
detc3ys t l  r e  next i ~ s - t r  u ~ t  ion u r ~ t  i 1 -the tFreW bu f fe r  can be loaded from 
rrrel?rorby. Nvtice tl?at ?,l?c t ime of  issue OF the  inzt l -uct ian a t  l i n e  1 
a f ter .  the  braBfev. loulcl i s  the E , W ~ C ?  US it W O U ~ C ~  C I ~ V C  been had a j u m p  

Line 5 .  T h i s  mGve ins t r l Jc t ion  i s  the f i r s t  vector i ns t ruc t i on  i n  the  loop, 
G\lf*? k , r , i i c  a r  ;-ar,gccl to 171;ske i t i ssi~r; FIX cyc 1 e 0 . I t w i 1 l wa i t t o  
issq!e lrr?-t i 1 V1  kras t:lc- 1 ivcred a 1  1 ' t h l p ?  ol-)srerrds -For -the mult  i p l y  
it?sLu.irr-lion 3% l i r - 1 ~ 3  - 2 ,  

Line 8 .  Th i smu l t i p ! y . chs ins  wikh. the f i x e d a d d  (move) a t  l i n e  5 .  We have 
insui-ed chainlna b j  delay nng the  move long enough t o  have the  
mul-t; ip'%y .E'~anclrt; ic~nal u n i t  f r e e  from l l r l e  - 2 .  

L. L ne 12.  This lowd w i 11 issue as soon E I S  t he  prcv i cpus one at, l i ne 1 releases 
%lac n.~l-?mot*y (cyc 11.2 20 . 

L i i;?e 1 4 .  V 2 ,  11'3, and b/4 have Preen ava i 1 able f o r  many cyc les before t h i s  
i ns-L r - ~ b i - , - t ,  i oi-r c&,I? ~ s c ~ ~ I E : .  It ha9 t o  wait; f o r  t k e ~  LISE? of  the  m u l t i p l y  
un i I;. N o t e  d: I s c ,  Lha-?, -Lhe C \ - T ' E : $ ~  ~SLCI-  tnu'l*, Bpl ies do no% i n t e r f e r e  
wixh t l ~ e  f2oe:;irp--paint rnLYltipkies sinc.s theb are done i n  a  
sey%Pr>raa "2 scui?c Y, iaraal l J i ? i t .  



Line 19.  T h i s  i s  al*ao-i;l"les- rnovlt. i n s t r ~ r c - e l o r r .  T h e  re leaso o f  VO by t h i s  
i r 5-irar !c;-l i or1 dlc-tzr-nr i c-ac?p: the l e r j u t k l  o F Lhe l o o p  ( 205 c y c l e s )  . 

L iila 20. 'This doe5 110.i: c h a i n  wi-eh t he  m o v e  a t  L i ne  1 9 .  It issues a t  cyc le 
141 b u  "*!J".'" i T .  ~ - 1 1 7 ' t  (jet 8% L h e  m ! l l - L i p l y  u n i - L  Finom l i n e  1 4  b e f o r e  
her) , 

L i n n 3  24 .  ' T h  i i s  "i Pie :? i na 1 s-t ore i ns-trucl i or,. I t i s  r e  leased f o r  issue by 
tk,c a \ i . ~  i 1 a:~-iC, i l i -ty of- .i;l.re ~.oreniot-y . F r o m  1 f I le 1  7 .  T h c  m e m o r y  f unct i o n a  1 
uni-t,  n l  C B  ~lc-~ls ,~rnjni . : r= t h e  t i m e  .rot- t he  l o o p  since w e  a re  using it 
f o r  68 t F R  S F  :PO5 i.;vc les . 

T h e  f fj 1 't 53w i ng i i~ E t i m  i na a n d  accrdrrscy t e s t  f o r  QVD I VO : 

X: I ,CFT  1 - 7  ESTCIilD, mI\"-O, B=BGI\I/D, C=COO 
:i: LDR I I L ( R I . ! ~ ! ~ ~ I W , E ~ ~ ? ' ~ I C J )  , > C = X B B ' \ / L , V D I V  
:I: )<Q\/D 

Ch BY! 10kl /L;IVCBI.CI/ )C I481J00 1 , CI ( 4 8 0 0 0  1 , IJ ( d&ClOQ 1 , 2 ( 4 8 0 8 0  1 
CALL- L..lbSI<( ' IJ141 159=( r I Y ,  T E S T ) / / '  1 
DB 3 L = 1 ,12000,64 
DB 2 I = I J 3 % L + 1  
Z ( I  1 4+k 

2 U ( I )  - 4+1 
I< = IWTC(0) 
CALI .  Q \ ' D J V O ( W ( l  ) , U (  1 ) , Z ( 2 ) , L , 4 , 3 , 2 )  
N = I R T C ( O )  
N = N -.I< 
K = I F ? T C f O )  
DB 1 I=O, L - I  
X 6 4 * I + l )  u ( ~ ~ I + I ) / z ( z J * I * ~ )  

1 CfiNr INLIE 
M = IR'I'f:(O) 
M = M - K  
no 4 .I=O,L-I 
I F ( X * I + I ) . N E  U ( 4 x ( I + l j )  GB Tb 5 

4 CBWT I NIJE 
W R ~ I - I ' E ( ~ ~ ,  0 0 )  I - ,  M, N 

60 FuT3P?9T ( 1 G ,  2 O 6 
3 C : C I : P ~ ~ ~  1 NIJE 

STbf-" 
5 CON.- I NUE 

W R Y T E ( 5 9 : ! 5 9 >  b / ( d * I + l  ) ,X(4*1 :1  
! JRr  rEi551,dl  1 (\dC 1 1  , 1 = 1 , 4 * L - d J 4 ) ,  ( X (  I ) ,  I = l  , 4 * L - 3 , 4 )  

59 l~l.sklA7" ( S 4 -  1 8 .  1 4 1 
6 1 f EJF?P!A'T ( ?4?2 1 

ST61 
E rd D 



b k  eorrcl ude uui- exqmples w i t h  the  code f o r  QVSQRTH, a h a l f  prec ise 
2 I .  t -  v L L E  1 s:~l-mi.*r roo t  r.:iu-r, i ne 40; arrays, ava i l ab lr-2 i n STACKLI B .  The 
Puii l -.pr;*~clsia~_'~ c-,lcrr;i ra OVSf3RT is  q u i t e  ? ; i m i  l:;lr, recjidiring one addit ioi7al 
i t t : r ,~ i .~on  h~g-t, ~ r ~ ~ t : l i n a ,  also, a . F i ~ l l  p r e ~ i s i c n  d i v ide  cluring t h i s  f i n a l  
i -E;cjrat i an. Tb,e c ~ ~ d e  i s per l 7 a y ~  remai-!cab l e  i n -k;b)at max i mum speed i s ob-La i ned 
by brea!.. i nu - t l a e  ci r a y  up i n t s  vec Lors sf lc?ng Lh 31 , and betr:ause every vector 
op r>4 ra~  i or? i s  ch3 i rrf---d -k:o .the prev i  nus one. A 'to-r;al o f  21 cnnsecut ive chained 
vec. Lor. ok.i~i.~a-r. i 0 1 1 ~ ~  occur . 

E s ~ ~ 3 n - t  i a l  l y ,  ?,he idea i s  to compu.;e an i n i t i a l  guess XO and then t o  
i t g d a t - a r e  -E;07iec: . t i ~ ~ ? n z ~  by %he fce-r~ula: X i - + - I  ( X i  .f Y/Xi) /2, where Y i s  .the I 
nu~~~k ,~?~  W~IBSQ FCJlIUT'r,' rs03L is de+; i red .  The itera;; l vc  loop c:3n be managed by 
the  F c h u r *  C,"1 iin-;t,rwu;tions: 

ioui i s  performed by adding bnirrus one t o  the  exponent. 
For  lr2ng v e c t o r s  a t  the  ( + F )  i ns t ruc t  ion since there w i l l 
itl-le rise o f  reg i s t e r  V 1  . Howo\?er, by add i ng one aux i 1 i a r y  

(a s h i f ~  o f  zero) ,  we can achieve t h e , f o l l o w i n g  t im ing  f o r  
31, since the + F  i s  delayed u ! ; t i l  V 1  IS Free. 

Plow, at cyc le  43, we can iszue another rec ip roca l  operat ion ( t o  reg i s te r  
V'7 1 ev~d con% i nuc3 the  procedure w i khowt  any brcal:.s i n the  cI?a i n . Moreo\fer, 
siv.1c.e the i n i t i a l  guess can be generated by a s i m i l a r  s ~ t  of  chained 
ope!-ai.ians, -at-re entic-e c s l c ~ ~ l n - L i o n  nray proceed F r o i n  the  i n i t i a l  load, w i th  
earh S I I I C C ~ S ~ ~ V ~  vecil,or ii7sa;rucl;ion issuing aet the  chain cyc le  of  the  previous 
one. ( I n  %he ScnE l-pr.ccisiorr rsu-Line, tl-re chain is broken dirr ing the  
~ a l c ~ ! l ~ - L ~ o r " ~  01?.  the f r d l l  -prt?4zisio~-r rec ip roca l .  1 

TFe  t im ing  chart f o r  t h i s  ha l f -p rec i se  square roo t  i s  given next ( f o r  
?.ha hna117 l oop) .  A F u l l  I tera-Lion be~ j i ns  ak labeL I T E R .  The cornp1et.e rou t i ne  
i s  a v _ ~ i l & k u l e  i t ?  " i l e  CI-ASS. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A d g j l r e ~ s  II ~?ST, r c~ct i on I C €I F R - - _ _ - . . - _ - - - _ _ - - - - - - - . " - - - - _ - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I.. Iryt3P \J 5 V O * F V I  0 9 3 1  35 4 0  

V 6  V5>,+l7 9 1 5  4 0  4 4  4 6  
A 7  24 10 1 1  
A 7  V 6 + F V 7  1 5  23 4 6  60 5 4  
A 0  A 1  + A 7  1 7  19 
A 7  A 7 - A 6  1 8 20 
V 3  S 5 + V 2  2 3  28 54 5 8  59 
SO + A 7  2 4  26 

v5 
A 7  
VO 
S7 
A 7  
S 2  
W 6  
S 2  
S7  
VM 
A I 
v2 
A 0  
A 7  
A 5  
V 7  
J A P  
A 0  
,J fi, P 
A 1  
A 0  
v 1  
VO 
S 2  
S2 
V 2  
v3 
A 0  
A 2  
v 4  
V 5  
, AO, A 4  

- A 7  
VM 
/ H V 3  
Ndl-BD 
A 7  

AO, A 3  
VO, z 
A 6  
V 4 g F V 1  
0 
V 5 > A 7  
S 6 & S 7  
A 6 8 A 3  
VM 
V O + F V 3  
S 2 > 2 4  
S 2 !  S 7  
S7 
A 1  + A 7  
S 4 ! V6&VFS 
A6 - - A 5  
A 6 * A 4  
A 5 - A 6  
S%+.V2 
DUN 
A 6 - A 5  
~1-1err2-i-2 
A 1  
A  1 
J AO, A 3  
S l  * F V l  
> 2 
S 2 >  1 5  
S2 ! \/o 
\ / 2>AO 
A 2  
A2+h7 
S 3 + V 3  
/ H V 4  
v7 





AF"I"T:MD I X b . AN ABR 1 13GEKENT O F  THE FUI'qPIARY :.3F CPU T l M I  NG I MF6RMAT I ON 

FCIRNI SHFB B Y  GRAY RESEARCH I NC.  

\$hen issuc rzonditions are s a t i s f i e d ,  an i ns t ruc t i on  completes i n  a f i x e d  
et;iol!l?L of % ~ C ~ I ? C J .  I nsd:ruct ion ~ L C S U C  m e y  c s u s u  r e s ~ r v a - t  ions to be placed on a 
Cernc-P; ' lna 1 urj i -t c r.* ; - u ~ l  i  st^ r s  . Krrow lerlye o B? Lhs I ssire calnd i t i ons, i ns t ruc t  i on 
e><ic?cls-t i oi l  -P; i i?lips 2 1 1 d  rteseinva L i o r 3  13et-m i -F, accurate t i ni i ng of code sequences . 
M c r n n ~ - y  b?nlc cc...nf l i z r , ~  due t o  X /t7 sae;t i v i l;y arc:. the on2 y c lesnenl of  
Llrirrr 2cl 1 c%&b i 1 I -Ly . 

Four c o n d  i-t i ons m u s t  bc sa-a; i s f  ied f o r  issue o f  a  lrscalar i n s t r u c t  ion: 

1 . T1.a~ a"~~nct i ona 1 us? i c ma.rst be f re@.  No conf 2 i c t s  can s r  i se w i t h  other 
sr,a l ar i n s l r i ~ s  L i 017s. However, vector' f l oat i ng po i n-e; i ns t ruc t  i ons reserve 
%he f 2o.3~  in21 po in t  Lanits. MernorLy refer-ence:; m a y  be delayed due t o  
cor-rf I i c t s  . 

2. The  r e s u l t  regisT.er m u s t  be f r e e .  

3 .  The operarid rag isten- must k>e f r e e .  

4 .  1 ssr 1s i s  de layer4 1 c l ock per i od i .F a  resw l t reg i s t e r  ge-oup i npul . path 
con-l? l i c . t  wou Id e x  i sc w i t h  a prev i ous y issued i n s t r ~ ~ ~ t ,  i on. Bne i nput 
p a t k ~  ex i u?.s Tot- c3ac.l-r 04? .L!-I~ four Y ~ B Q  1 s te r  arotlps ( A ,  B, S and T 1 . 

Scalar i ns-tr crf:a; i oi-1s place I-esei-.vamp i ons onl:yr on r e s u l t  r eg i s te rs .  A 
resul - t  r eg i s te r  is rescr-vsd ? o r  %he execution t ime a f  'the Ins t ruc t  ion. No 
rescr8va% i or 1s L I ~ C ?  p ~+IcPICI on the  func-t i on8 l UR i t, or operor~d reg  i s te rs .  

A -trar-),:mi L scalar  ;illask i ns t ruc t  is13 t o  S i  (073) insLruct ion i s  delayed by 
( \ /L 1 -1- 6 c l orRc :,jet; i od:: ;i80rn .the i S S L I ~  o f  3 pi-ev i ous vecA;or m a s k  ( 175) 
irr: -i.r.cuct i eta: ~ n d  1:; 4 t I i 2 \ ~ ~ 3 C g  Et>y 6 clock p2r i sds From the  isstnc OF a preceding 
Lrb8'b-rstir i % (SQ 1 to VPl B t7vrE 3 )  i 17s"er tdct  i or). 

ExecuP, i 0r.i t i krrl:s i n c l sclc per i ods arts g i \!en be l ow. .4n as-ter i sk i nd i cates 
Lba 1 i, E sslle riaall bc 4%. l?,rc>d btdcairse s f  a f tnnct i oc~a 1 LII? it r 3servat i on by.  a  
l,fer. ? c?r. i ras-s;, -~w: L i tzn M t z ~ n o r  y brsa,~ t.33 C Q ; ~ S  i lder'ed a Funct i Q , I  3 I un it r s r  t i m i ng 
COYflZ I , ' J " ~ s * I ~  on'-" , 



b A : - P i . - r c ? r ~  iS.T,t,r,  M - l i l ~ ~ r t ~ c ~ r y ,  E3=t3-re"yisJ;er1 S = S - r c g i s t ~ r ,  I Inmediate, 
C - C I t ~ r j i ~ c  1, T - T -  kceh2 as-i,er, \ / = V - r e b g  iuzer , * scc? prev I or-1s page) 

S <  -- -S-kS 3 
S<-S(F, acId)S 6 %  

S<--..s(-F,mu1'8;)S 7% 
s - -  s 1 4 %  
S< - - v  5 
v< - - S  1 
S  < -.. - VM I 
S <  -, - RTC 1 
S<.- - A  2 

VM< -- - S  3 

Four corlcl i $; i ons ml.rs-P, be ss-f: i sf  i ed For i ssuc of' a vector i nstrwct i on: 

Y . T h e  Fl~nc:% i onal un i t must be f r e e .  (Col-rf 1 lr,l;s may occur w i t h  vector 
? ~ [ > c a " a L  i nns. 

2 .  Tkre rbesu 1% roL! i ~ t e r  mr,{sr be f I-ee . ( Cornf 1 i c t s  may occur w i t h  vector 
t.)~)eraWt i 017s . 

3 .  ' T k a e  opei-and r c : g  i =;.f;ers mus-t,  be f ree  o r  at chain s l o t  -e ime. 
4 .  1Yc;inory mu.;% En?: ql r I e c i -V ?-,he i nstrucr- t ;  i on re-F\?rer~ces memory. 

Vet &or i r ~ s  tt-uc.~, i orrs plncc reservax i ons on Func-t i on3 l un i t s  and reg i s t e r s  I 
f o r b  -the d\1rb8T, i or) cu P e?>cr.c~~-$; i or). I 

@ 
1 .  F u n c t i o n ~ l  u n i t s  arc reserved f o r  ( V L ) + 4  c lock per iods.  Memory i s  I 

i.est;.r \red Fcr ( VL_ 3 .r-5 c 1 olck per k O C ~ S  on R wll" i te aperat i on, C VL +4 rz l ock I 
p c , r  a ods on 2 r.e.1~1 o ~ 7 e r  a t  i on. B 

I 
2 .  T h e  r e s c l t  rlegister8 i s  reserved f o r  %he func t iona l  u n i t  t ime +(VL+2) I 

c 1 rpck pr?r i ads. T:le E-csu 1 t reg  i s%er i s r eservcd f o r  the f unc t i onal u n i t  H 
.r-7 c l ncl.: per i ods i F -i;k~~e lrec-Ear leng1;h i s  less %hein 5 .  A - t  f unc-it i onn l un it I 
-5 i m e  -d-2 (cha i n s 1 n L -i; 1 was) a ?clbseqile&lt i w s l s k r c t  ion, t?rh ich  h?s met a1 I , ,  I 
0% her i ssuc cnwd i .l; i t3,-rs, nray issue. T h  is 1crroc;ess i s  ca 'L led cha i n i ng , I 
Severa 1 i ns ~ r w c - i -  i ob-1~ u:q i alg d i f Ferer..~L funct, l orla l un  i x s  may be cha i ned i n I 
L h i s m a r  ,uw:rb -to 73% i;;! i n a s; i gfr i f i can%" enl.sai-celnr i n  Q F process i ng speed . I 



3 .  Vector npcranccd r e g i s t e r s  are reserved f o r  ( V L )  c lock per iods.  Vec-tor 
q:wr qrrd rr?g i S.~:~PPS s r e  r 2sel \led for. 5 c l ock peln I ods i f -Lhe vector length 
i s  less t b d ~ a  The vec-cor reg i , c p , e r *  used i n  a block sxore t o  memory ( 177 
i nsfrucaL i on 1 ?$ r.e.;erved For ( V L  1 c l ocli per i -ids. Sce l l r  operand 
reansters arc  not r-escrved. 

Vector i ns-truct ions produce one r e s u l t  per c lock per i od. The funct  i onal 
un i - t  Tp imcs are given below. The vector read a n ~ j  w r  i t e  i nstruc-t; i orrs ( 176, 
17.l) pt'~~!Ur,rl t-~suI"I;s more s lowly i f  bank cortF l i c t s  ar ise due Lo the  increment 
val r~e ( A k l  being a r n ~ r l t  i p l e  olf 8 .  C h a  i 1 3  i ng cannot occcrr f a r  the  vector read 
oper.a'.ion i n  chis case. 

I f  (Ak) i s  a r ~  odd mcrlt i p l e  of  8 ( *  1 ,  res t l l t s  a rc  produced every 2 clock 
per i s c i s .  I f I A k )  i s  ah 13~ret-1 kn1~1t i p l e  o f  8(* 1 ,  r 'esults are produced every 4 
c l oclc per i ods . 

Memory mllst be quiet bcqore issue of  the  B and T reg i s te r  block copy 
i ns t ruc t  i urrz- (034-037) . Subsequent i nstu-arct. i uns may not. issue f o r  14+ ( A  i 1 
c l ~3czd;  per i ods i f ( A  i , . NE. O and 5 clock psi- i otAs i f ( A  i 1 =O when read i ng data t o  
%he 5 and T r e g i s t e r s  (034,036). They m a y  no% issue f o r  6+ (A i )  c lock periods 
when st ,or  i ng r!~-Le t 035,1237 . 

The 5 arrd T regis ' ter block read (034,036) i ns t ruc t i ons  requ i re  t h a t  
there be no rag2 iw ler  reser\lat ion on the  A and S  re^ i s te rs ,  respecz ive ly ,  
berore i ssue . 

?ranch i ns t ruc t i ans  cannot issue u n t i l  the  A 0  or S O  operand reg i s te r  has 
beel? i.rce f o r  - t w o  c l c ~ l . :  per i ods. Fa1 1- s.hrough i n  Quffet- rcqui  res,,two clock 
per i adz.  Bv.a~-~c;I-~ - i n.-b~d F Fer r equ i I-es f i \la c b oclc per 1 ods . When an out of  
buFu^er cond i -;; i an o m  c r rs  eki6.l execul ;  i on t i n ~ e  .For n brsnch i nstruc-t; i on i s 1 4 
G 1 QGI~; per i ~ls'As. ( 1 8 C: 1 olzk per i ads f o r  8-band< \>has i ng  opt i on. 1 

A Xwo parcel  iarstrlrction takes two clock periods t o  isstle. 

Instrus- t isn issue i s  delayed 2 c lock periods when The n e x t  i ns t ruc t i on  
parce l  i s  i n a d u F"f  ~-.rsl'lT, i ns-s.,rws-t i on p,lrcc?l bu.f?qer. I nstruct, i on issue i s  
d e ? l a ~ ~ d  12 (;luck p~zriuols r f  -che next iastrbuc-Lion parcel  i s  no?-. i n  an 
i nst  r"ua=%, i on ptlit*ct-3 1 k w  P F a r .  . 

- - - . " - - - - - " -  
m M u l t i p l e  of  4 f o r  €3 hank phasing opt ion.  

-54- 



A delay o f  1 ,  2, or 3 CP w i l l  be added t o  a scalar  memory read i f  a bank 
c o n f  l i cs. occurs w i t h  rank C ,  B, or A, respect 1 v~ 1 y, o f  %he memory access 
ner;wor k .  A canP 8 i c-i, ocr-;urc:, i f the  address is i n tb~e sem~s bank as the  address 
i n r - a r r k  6, D,  or \ .  C s n f  1 i c-ts can occur on l y  w i t h  scalar  or I /€I ref crences . 
T h e  sc-:~, l ar  i a~scr+c~ct i orr sensss -the c o n f  l i c t  cond i L i or! at i ssuc t i m e  + 1 CP . 
The w-alar  i nscrk.!ci; i cr: adc?r*css sn ts rs  r-mnk Pa of  the  memocny access network a t  
i ssue t i nre 1 @P . T h e  sc:-I l a r  i nstruc t i 0i.l addr-12ss enters rank B n t  issue + 2 
CP.  The scalal i ;-IS s;r*krce i rsrr ncldres5i en'tcrs r ar~k C at issue + 3 C P .  

Scalsr.. laad ins-kr-crc,,Liorr T i n l i n g  (no con-?-1 i c t ) :  

CP' n I ssue, rc::arve rl,-3g i s t e r  
CP n b ' k  A ~ r ? l d r v s s  rzrr~k 14, ::e$-lse con? 2 i c-t 
CP n : 2  A d d r  CBS r a ~ i k  B 
C b  rr4-3 A d d i  esc; rank C 

CI; n 10 C le-3r r ~ y  i ster rcserveh i on 
CP r Y k 1 1 C c r n ~  11z't;~ a r ~ d  i s s u e  !!!a i -b i ng i nstrcrcl i on 



P,FPE_F\dDIX R ,  WHAT HAPPENS WI-IEN Yell RlJN CTN TI4E C R A Y ?  

Y C ~ L I  tliwe )fQi.lr l-~tGdF3 a-e; a -term i na l  ; then: ( % 1 

1 . The LOGON l i 1-~e goes L o  the  COP.TDC3 ckrcc:l<er, w h  i c h  ver i f ies it, appends some 
h i t s  o f  in.rormc;** i on 3rd  sends i t  on. 

2 .  The l i t?c nexz wrim l ves a-t the  TMDZ cancerrtra-Lor, wh i ch notes t h a t  it i s  
clcsl i ruc+d T a r  p , h e  CRAY and r.ol Xes i -e: Lo t h s  A 4 1  0. 

3 .  The A 4 1 0  p e r r c l r m s  tlrla mpproyr-inte p ro to ro l  and drops the  l i n e  orrto the  
NE C bcrs . 

4 .  Tkro A130, which i s  a"(;-p;c~ck;ed t o  c, CRP.V channel, p icks  up the  l i n e  from the  
!>LA.: and ser-ad.3 it along the CRAY ck~annel -to an LTSS memory b u f f e r  . 

5 .  L7SSJ which i s  frequently p a l l  ing a l l  CEAY channels, not ices the  
a c t i v i t y ,  ~ ~ 1 3 5  t k i 3 t  t h i s  i s  a LdGbN l i ne ,  and veri.Pies t h a t  you are an 
alrLhor.i -ed user. 

6 .  I-TSS t h e n  pre[rdercls ar? i ride:); of p r  i \late zind piabl ic d i sk f i les  -Lo which you 
! ~ Z , $ ? E ~  a f r ~ ; c > ~ - r ,  and E I ~ ; S : ~ I Z  i ?.!;PI; i P, w i Z;k your u*.;ar rrurnher . 

7 ,  1-7 S,"; r e tc ! r r . r s  an arrpropr i ng;,2. eck now l1adg~ncn-t a4 your LfYGC3N and sends it on 
tb:s t " ~ ~ ~ ~ ~ r - : - e  i - c ~ r i  u;e -tc, ,\/our - L e  le type.  

T h e  acl: rhow 1 cl.rIg~:aei t t t  resp nrkse and a 1 1 s~~/?sequc.n't mc?ssage l i nes bypass the  CdMBd 
r  )T n Fect , i % hl- Cq5MRB c.l-l&-~ske~- LJBS GQo~dn 8% i n i t i a 1 L 6 G b N  t i me,  the  
LOGUN 1 h !-re -?war-, ~d ao ci i r - 1 ~ ~ 3 - ;  l y  L O  the  TMIYS co i  ~~:~~u'~-l;s-ator . 

- - - - - " " . " - - -  
x Forb the  MP-E n~:twssv~lc rep lace i-tems 1 thrstagh 4 above by the  f o l  lowing: 
IVI1 . T l r e  1-608N l i rre g.je-,  \ r i a  a r n ~ c l e ~ ~ \  a~-rr! telephone 1 ines t o  a VADI C modem 
mu1 t plcxorr r r ~ k r  i c , h  sends it on (or- it I I Y ~ E I ~  go d i recC l y  t o  sP,ep M 2 )  . 
M 2 ,  Pi I'DP- i l c-.asr~ce 1-tracer then r-.lo%es %h2"l; it i s  desx i neid f o r  the  CRAY and 
r-ozltes - L h s  l i n e  Lcl s 761'30 IF,") ( 1 2 ) .  ( I n  -the PuT,uv-e, another PDP-11 w i l l  be 
usti2d, ) 
M 3 .  The PPLJ perForrns The necessary prc4tocoI and sends .the l i n e s  t o  the  
Cl?A\' - 76001 A d ~ ~ p t o r  . 
M 4 .  The a d ~ p t o r ,  which is a-t- ached t o  a CRPY Channel, p icks  up the  l ine and 
EIF- I?~C% it rnlorln-g %c* a CCTSS 1;mat;lory buFfer.  



Next, you  type i n an E>iFChJTE l i ns, : s a y ,  CLASS / 1 -7, w h  i ch  goes t o  CRAY 
LTSS, 

A search i s  inacle O F  your p r i v a t e  f i l c ?  index t o  determine whether you have 
is F i l e  bit 'LE-rlz \ante:  of' CJ-ASS. 

I 8  not,  a search i -  ntald.le osP your  PIJBll.IC file index ,r;o see i f  it has a 
P ! l c ky -t ha,[-* rrnbme . 
I .P not, t he  t n e s s o ~ g j e  " Nd F I &EM is s e n , t  -to your ,tel-.m i !?a2 . 
Ilhen CLASS i s  fo~incl, your PFt I aR I TY i s check.ed (V/TL . 7 )  , and i f 
rlec;essnry, claena~d -to csnF~rm t o  t l ? ~  currerlf, 1 im i ts ,  O r ,  if your account 
h c s  no -r; irrrc l l z % t J  r-;C-1a~iu-2*-td t u  3 (str-3ndby) . 
'The j o b  i s  t l q c n  ass ig;,zd P O  an nppr.opr is ' t  s l oad i na queue and, when memory 
c i p r ~ c . ~  i s -,va i l:.,k?le~, R rrcllnber of  w o r d ?  ecjlaal co %he l oacl length of t h  i s  
.I' i l e  i s  br sl P r t  i n-L 9 ml :nlory. 

Idhen the  f i le i s  i r'r mc?mory, LTSS pazr-f orcns a seqlAencs OF va l  id  i t y  checks 
or r  the  m i rru?; l ~ r ~ r d ~ .  1 f any c~i-~eck lPa i Is ,  an nppr80pr i ate rnessage i s  
r*'t~lu"nclx! T o  )four T e d - m  i nal  , and execu-t. ion ceases. 

If a1 l :;e~:~rns w ~ l l i ,  ?he job i s  pl8c1-d i n  an 3pprapr-iate queue and 
:;<,kv~d~ A led $ 0 8 -  CF" 1 I, Fie; , 

\dtken Tv6.1e pr eyj~~c- -k. iine a r r  i ves, LTSS re1 i nqu i :shes con-trol o f  the  CRAY CPU 
'1;6 !fa"~y. ~ L - c I ~ J ~ ~ "  r:lb~r 1-1):' 9 x ~ h ? l q c : r i ~ 1  f r 0 r 1 1  M~E~lk?ILlR Lo JBB rrrade, p u t t i n g  t h e  
c : + ~ !  r'reia?,s :rT y u ~  l v  P ~ I  i nus w,J~~*~c,Is i i7+0 %his C F 4 Y  ~ " e g  i S ~ C ' P S ,  and request i ng the  
I 6 - w c  !-cl bl! iF P C  I C ' I H ~ - l  o F i rr.;%v-l,lct. i ens zonr a i n i ng the  i ns-eruct i on addressed 
lo l l  : foul p ss-$k-i.it"t~ c-c~n-.!n L e t -  %O be E ? e t ~ l 7 c ? C J I  KC:, an i nstruc:t i on buffer '  . 
F i 1-m l l y ,  t h e n ,  t k i c 2  -F i r s t  i ns-t,r.uct i on \nr i 1 l be performed and the  program 
tours-ter advancctA %LCS .tkye i?eXt i n s t  ruc-l; i or). 

II n gencrol , your program cc~nd i nues i n  C C J ~  t r o l  0.F t h e .  CBU unt i l it makes a 
I-c?u;ogn i xed er*rqor , g i v1;s cor*;&rs l back -to L-TSS, or is I n-t;crrupted by LTSS . 
Hpbwcve :* ,  wf-a i l e  i t  i s  i 1-1 c r~ r~ i ; ro l  oF .ikvse (;F'U, LTSS m a y  have on-go 1 ng I /(T 
a c . e  i v  i - ty ,  wh ick w l l Y s k a -  c f.l+te rrse if Iiaebnary w i tl? your program. 



AF?EI\ID I )< C . TFIE DETA I I-S OF I NSTRI ICT  16N FETCH T I M I  NG 

A l  b t h i s  de-Lai 1 i s  inccai-,parated i n  ,the code C Y C L E S .  

There are essen-t ia l ly  f i v e  reg i s te rs  t o  corusider, a few Flags and a few 
t ime pos i t i ons .  

- - - - - - -  - . . . - - - - - - - - - -  
I B O O  i < - - - - > !  P I < - - ;  - - - - - - - - - - - - - - - - - - -  I  

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

Buf.Fers - - - - . - - -  > I I LATCH I - >  i I - > ;  
I I  I : I 

CIP j 
I I  I  I  I  I  I  I 

I  
I  I  - - - - - - . . - - - - - . -  Execut i on 
I  - - . - >  I 1 L I P  I - - - - - - - - - - - -  - > 

- - - - - - - - - - - . - -  

An insmr;t-uc-L ion whic l~  i s ~ m e s  a t  cyc lc  x m u s t  have entered the  C I  P a t  
cycle x-1 or kcvore, ~ h c  N l P  c t  cycle x - 2  or bepare, and the  ] L A T C H  a t  x - 3  or 
Ge.l?or*e Some t,irnc prRoi=  -to cyc le  x - 3 ,  -1;k-ie i n s t r ~ l c t i o n  must. have been located 
11-1 ai?a of  the  Por.~r 6 4 - p : ~ ~ i ~ : I  ~ I - ~ I S C I ~ I J C L ~ ~ ~ ~  k>uf.Sars, and bepore tha t ,  it was i n  
memory.  

I n  genera I ,  i ns l ruc t  i ons c a m  i ng f r o m  the  i ns t ruc t  i on b ~ l f  Pers are able t o  
reach t h e  CFP a t  a race of' o n e  per cycle; however-, wherr the end of  a bu f fe r  
i s  I-eached, dclnys s rc  ej.rc~l ~rir,eir.ecl i n  lacat i ng ;;he next i n s t r t ~ c t  i o n  t o  be 
prsc~~;~;ad S i m  i l u r  l y, w h c r . ~ u ~ r g i r  Rr-anch i ns t ruc t  i dins ca!.~.-c the  order ly  f low 0-F 
scqunr-n. ial irrstruc-t; i sns -to be i nlcrrup-t.*zc4, delay? are t o  be expected. 

Tho char t  (pages 60-61 1 i l lwstrertec: de?,ai l s  of  the  f low o f  i ns t ruc t  ion 
ear8cels i n  t h e  C17AY-1,  R~clgi::T~rs involved i n  t h i s  f low are described i n  the  

I ns P;I-uc;t i en I ssue aijd Con-tr-ol sect i or? o f  C " r ~ s p P c ? r ~  3 OF the  GRAY Hardware 
Rcfei-encc Mar  i~,:a l . 

I n  general, the  P r e ~ i s k e r .  i s  incr.c~mcn-Led by one each t ime an 
ir-.lst.ruc"r.iean i s  i?.:sued. I + '  the  i ns t ruc t i un  parlzel ccrrrec~por~ding t o  the  new P 
va l c~e i n scqzaencc  i s i P t k u ~  ct l r r e n e  i nsT r1~c.k; i on Aluf f e r  , then t h a t  parcel  goes 



t o  t h e  I L A T C H  ragis-Rer dur ing xhe same cyc le .  I F  %he parcel  i s  not i n  the  
c~al-r~-.urt I -buf d'er , %B-,ei-i %he I I. ATCI-I P NVAk I D .F lag i *.j, set . 

X f -the r-equi red pd-.srcel i s  na-t i n  any I -bufFer, then a lncmosny i ns t ruc t  i on 
f e  I,cl? ~ G ~ L I C S ~  ( I FK 1 I s i SSL!NC?C!. No -,ma 1 l y ,  four  i 1-1s t r ~ ! c t  i on words ( 1 6 parce l s  ) 
i ~ r c  I u l i i > g  th@ rcquir+-xi ~:3rceB w i l l  a r r i v e  i n  the  next I -bu.iSfer eleven cyc les 
ar- ter the  I F - C I .  I f  mornr,ry i s  zlrcady b t ~ s y  the19 t l \e  I FR m u s t  w a i t .  The other 
Lws l ve  i r ~ s i i ~ l ~ ~ t  i on w o r - c ~  t g r  -S i l l -the I - buf u?er t~ i l l be r-equesxed i n groups of  
fon.ar dur ing tt-te ne;/"c three cyc les.  T h e  requi red parcel reaches I L-ATCH i n  the  
same c ,yc le  it rc+ecPes the l -bul?fcr.  I -buFTcu-s are F oad2:A i n  s t r i c t  r o t a t  ion 
regard 1 ~ s s  o P b y h e n  t Ezo hr~f  Tea '  w a s  used l as%. 

I f  the reqldircd parcel  i s  a1 ready i n  a d i  FTcrent I -buf fe r ,  then CHANGE 
BLJ1" FliR b s set  and 01-I the2 rcoJ lowing cyc:le -tD'ae currci-~t I - i ->~~f fer- des tgnator i s  
s w  i - $ ; r 3 k i c 3 ~ j .  T k 7 ~  d=or-~-r-t; n; p i ~ r ~ e  1  LJ i l l rea#*h I LF4TCH on t h e  Fo 1 low i ng cycle, two 
cyc18;s de. l ns,cd. k\ ..j [snly, \.J i % I - ,  i rr the curr-ent Il -buF Ser Lalces as long as a j ump 
Lo a 1 i i P F L : ~  c-rj-r, ]I -bn!-E:.Ser. 

A n  i rust;ruu-t i on isst les Sr.orn the  C I  P (current; i ns-truc-t ion parcel  1 
I-PC~ i ' ~ ? , e r .  T h z  S I ~ L : O ~ C '  ( ~ a i - r e l  OF a - two-par~el  i n s t r ~ ~ c t  i o f 7  issues from the  L I  P 
I i;;w131. i nst ruc1- t  i ovi pf>rc:~~-b 1. 1 r eg  i s t ~ ? r - .  I r~ i h ~ :  sanw C ~ C  l e  a new parcel  moves 
i n-io f; 1 1 "  Frbcw: ? he P9 1 P 4 ;EX% i ~ S % T U C - C  i 011 pasure l 1 reg i step unless blocked by 
t h o  TPS (two p s 9 r - c - e l  P ~ , ~ I L )  F i i a ~ g .  The TPS f lmg i s  set when 11-ATCI-I i s  i n v a l i d  
ard Id! P r c a i - " m ;  r s t l ~ c  .F i :  s t  b-~i;jrcet o f  a two pascc--?I i rrsLi-ucl i on. ( 17d) 

I n  T h e  some cyc le   ha-t a ~ a r c e l  moves from N I P  t o  C I  P, a  parcel  moves 
. F r c ~ m  1 1-ATCI-I t N I F' n.!i'~ 1 ~ ? S S  ED l crc,l.ced by the  I LATCI-l I b1VAI-. I D .f lag descr i bed above. 
I f  NEf4 a; r~n- t ,~ f r~er '  t h e  FirsT, parcel  of  s t w o  p'~rcc31 irrrstru~:tiorr, then the 
pal- et:+l i n  I L A 7  C\-I g013z. .o;n 1 1  P i nstcad, ?,nd s NBP i s  p lac?d i n NI P. 

WiT,h -&kresl.? i -u le$  w e  arb@ now ready To u-cs the cva r t  bellow which 
i l lusk,rale; r - h ~  (cyc;le-!\.ly-cycl piaogress of  ins-Lrwclion paiMc;els f o r  the  
f o 1 l i ny ~.:nc*\e sn.:cjlrertce : 

parcel 

s7 r t  
a1 two 



hsst~uns: tha-r. c o ~ m ~ ~ l ~ t  ion o f  an excharlye seqiaence rreeults i n  s e t t i n g  the  P 
I-eGil i L 8.c.r LC- 1 7-24 i rl a = y ~  P e 1 . 

1 F R  knc.arnu " lnsTruct  ion fe-tch reouest" issued f o r  these words, x column 
?howu n i p c n t l  y kD 1 crcl si l Excacisel  i l-.l\!;a 1 i d  claca i n i l a t ch .  - means i nval i d  or 
1 r  ~-\_?b~().ai?I; d; : ,E l .  

cyc 112 

1 
2 
:3 
4 
5 
6 
7 
0 
9 

10 
1 1  
12 
1 3  
1 4  
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0  

words 
r c'alrdy 

- 

- 

- 
- 
- 

I "'4 - 1 7 
C'i- 3 
4-  '7 

a 0 - 1  3 - 
- 

- 
- 
- 
- - 

20 - 23 
24 - 2'7 
30-33 
3 4 -  37' 

- - 
- 
- 
- - 

n i p  

- - 
- 
- 
- 
- 
- 
- 
- - 

1 7a 
17b 
noP 
1 7d - 
- 
- 
- - 
- 
- 
- - 

20a 
20b 
nop 
nap 
nap 
nap - - 

- 
1 Jd - 
- 

20a 

i nstr . 
i ssued 

- - 
- 
- 
- - - 
- - 
- 
- 

1 7a 
17b 
noP 
1 7d - 
- 
- - 
- 
- 
- 
- - - 

20a - 
- 

20b 
noP 

- 
- 

17d - 

comments 

I F R  f o r  14a-17d 
(ready i n  I - b u f f e r  

1 1  cycles a f t e r  
memory request) 

wa i t ing  
f o r  

i ns t ruc t  i ans 
t o  

a r r  i ve  
from 
memory 

1 1  cycles a f t e r  IFR 

s7 = r t c  a t  t h i s  cyc le  
I F R  f o r  20a-23d 
a1 now set  t o  2 
a1 - I t o  address adder 

a1 now se t  t o  1 
wai t ing  f o r  
i nsCrL!ct i ons 
t o  

a r r  i ve  
from 
memory 

1 1  cycles a f t e r  IFR 

0+al t o  address adder 

a0 ready ( = I )  
a-branch f l a g s  se t  
17d goes t o  p-counter 

change bu f fe r  request 

a1 - 1 t o  address adder 



4 1 - 20c 20c 2Qb - 20a - 
42 - - 2C1d 20d 

1111 
nop ( 2 0 ~ )  20b 20a 0 g a l  t o  address adder 

43 20cl 206 nor, ( 2 0 1 ~ )  20h 
I1 - 

44 - - 20d 206 
18 

nop ( 2 0 ~ )  20h - a0 ready ( = O )  
45 

IBI - - 20d 20d nop ( 2 0 ~ )  20b a-branch f l a g s  s e t  IP - 

:: - - 21a 21a 20d - nop 20b (drop Lhr-ough) 
- - 21b 21b 

liBl 
2 l a  - 20d nop 

48 
I@ - - 21c 21c 21b 213 206 s6 r t c  = s7+33 I I  - 

49 - - 21d 216 21c 21b 21a e x i t  I I  - 
r:yna I c:. rromLes 

II 
I 

'I wort's 1 4 -  I ?  a re  raqrrc?stea=l F r o r n  memory. I 
2 ~loi-.ds 14 - 17 cmc.-::,eh E --EsllCfel- O auld parcr;l 17;3 ent,ers I L A T C H .  '1 k - j  

I 
pral-cc l 1 7 d  i s:-;lac;s Fcd~,st-.tter) c y c ?  es a F t r ' r '  b3 1 r ~ g  ~-eqtlestr~cI from memory. I 

'8 [-3 'I 7 b  i is::l~es 7. nc4 pt,r-.c+.? 2 2 O a  ( w o r ~ I s  20 - 213 1 i s 7-equesz -.d Fr om memory. 3 
I i .1 g e n v : ? r m I ,  %tad? nc %"i; bwf fe: -  is rer=]uer?"ce?id tzrhc";17 17b issues From t h e  I 

5 8  1 LA b:,lf-Term 1 .S 2 1 0 ~ 9  i -t-3 II~O% i r r  s n  I -b(if Fcr -then it w i l I be ready t o  I 
r s ~ i  ie a f t (  II* . f s ~ I _ B ~ ~ - L  rnor~:? c y c  l es  , cam lea:; f 1.~1-thcr dn layed by memory busy. 3 

30 r a r  c.e l 2203 I c.;cfat.s f ilur & p e n  c yc 1 ea a.I"Cc:.:r 1 713 is:" ued a n d  I F R  . I 
32 r t 3 ~ i s L ~ ~ r  aQ=rjl+;a'I i c ,  ready. T h e  resu1-t; i s  scnt, t o  c h e  A 0  branch f l a g  I 

i n  i t .  T I - l i s  w o l n l c l  n o t  d e l , ~ ~ O ~ - l s - ~ , r u c - - i : l c ~ n s s  o-chor than jump I 
c>rr A 0  v a s t u - a r ~ - : t  1 0 r 1 s .  I 

33 *.hue A 0  t t  cr ~ l ' l  lag,: are  $-;e%. S 
34 now tklc Jltrn[? o i l  A 0  Non-zero can ic;cue which rese t s  t h e  P r e g i s t e r .  

A . j u m p  L a  a q-,srt u l  already i n  an I - b u V T e r  "t\~lr.es 5 cyc l es  f o r  -the t a r g e t  I 
parce l  t o  issue. I 

37 par ce l 70s i s  rsquc s ted  when 17d leaves I L A T C H .  2Qa i s  i n an I - b u f f e r  I 
urad w j 1 l Pie i rr E L.A'rSCl4 itr swa cycles. I 

39 tarSgt:t arc-; 1 8 7d i .-;sires and 20a r-$eas:Prc3s I LATCH. I 
42 pst-eel 20a i s n ~  oer; as i j r a  c y c l e  30. B 
46 JAN i::c:a~ebs be 1-6 1.k i s L i n;e .*he F3 reg i sTer i s  no t  r ese t  and we d rop  I 

?,I-~i.owgh. I 
48 -tkie r~::aI--.t i n i o  tt:locl reading woclld be 33 cycles grea te r  than  cycle 15, B 

B 
CYCLES' uu tp l rk  T o r  .th i s  sode sequence: P 

I 
loc  ins l rb r e s  operand w b d e l a y  i c o f r I 

I 
0001 78 072700 s7 r t  A20000 15 16 
00b17k~ 0201 i10000002 a1 

I 
two 16 17 2=al  3 

00fV 17cd 031 110 e l  a1 - 1  18 20 l = a l  I 
6u003fgo (33000 1 a0 a 1 11ROQ204 30 32 l = a Q  3 
OCr.:.it3Z'Cll 8 n l  'i 3QrlOC10 ii 7d j a6.1 1 7d 3 00100 34 39 a 39 48 I 

B 



TTY irrpra-L t o  CYCl-ES f o r  t h i s  example: 

cycles t t y  h t t y .  
p 1 7 a  c;15 72780 2 0 1  00 2 3 1  1 1 0  3 0 0 0 1  1 1 0 0 0  77 
p17a 31 1 1  0 laocllall 1 1  oC10 77 726001 4000 end 

Surnmnry - - -  - - - -  
I 

I ns7i;ruc:t i nnn lcroll; nPl?ad is ef.Fecl ively chrae parcels (CI P, N I  P, and I 
I L A T C l 4 ) .  \~I-I-~E?I-, iPrsi;rucr;ion 17b o? n E;crl?Fer i s  ir,sued, the Pirs-1; parcel ( 2 0 a )  I 
of  t 84e r,c><-t I -131d-F ~ C I -  I O E I ~  i s  s3ught. I f par c e l  20a i s  s l ready i n an I -bu f fe r  I 
then i e  is delmyed only 2 cycles; if it is not in a bu f fe r ,  then it s h o u l d  be I 
ready to issue .f'our-g;czcllr cyc lcs aF-Ler- iz bas reql  csted ( i e .  a f t e r  1 7 b  I 
i ssuerd  1 . -1 C*,e request, i s de 2,=1::c-:d unt, i l m e m o r a y  i s  not busy. Af te r  the  request W 
i s  ecc Lqd 1;4ernc?rry i s  busy For s i x acld i t ;  i ona 1 cyr, Zes. I 

- 
I 

Ther -. arc! Fnur e x c e [ ~ - c  i sna 1 c ~ ~ s c s  t o  c o n s  i der : I 
I 

1 .  IF 1 7 c  i s  a brai?ich i ns t ruc t  ion, thc!n -the in: i t ruct ion Fetch request ( I F R )  H 
i s de l i l \ fet l unx i l ~ l l e  j usnp :~eldrCs: i s dzc i ded. T h e  address is dec i ded i I? I 
t l ~ e  jump issue cyc le  cxce:[.,-t For J B jk  i n  w I ? i ~ t - ~  it i s  decided two cycles I 
l a t e r ,  I 

I 
2. I f  17c is a,sca lar  load or s to re  which issues immediately, then it gets I 

inemur~ry sel-v ice .F i r s t  and -the i r~s . t ruc t  ion fc-a;ch I s  delayed four  cyc les.  I 
m - 

3 ,  I f  1 7 c  i z -  a vet-tor load 0 1 -  s to re  or a block regis-Lcr t rans fe r  and it I 
issues i m m e d  i a * , c l y ,  -then the  i n s s t r u c t  i o n  Fe- t c l+  i s  delayed unt i l 17c i s  I 
clor>e w i-t.h mcrrrory. T h e  delay w i 11 be \I&-j--l f o r  a load and V L + 5  f o r  a I 
store .  I 

4 .  I f  1 7 c  i s  a one parcel  instruction fol lowed by a two parcel  ins t ruc t ion ,  I 
then i -F 1 ; 7 ~  does not issue i mmed i a te  l y, it w i l l be held from issue unt i l I 
the se~ons-1 parcel OF 17d r>~ idchss  I LATCH. T h e  klold is ca~lscd by the  I 
s e t t i n g  o? t h e  TBSS (-twcJ parcel  s p l  i t )  Flr;.~g af-cer 1 7 d  rezches N I P .  I 

Tkrc f ol low i rrg .-cc?r.~lances, rdh i ch d l+F.Fer only by the  second ins t ruc t  i on B 
isswecl (at cyc le  2 or 1 1 ,  i l lcrstr.aces %his  e.f fect:  I 



loc inszr res  operand w b delay i c o f r 

loc ins4;r res  c~per~iand w b d e l a y  i c o f r 

I n  the first case, per-cel 17b was de layed  one cyc le  by an S-reg path 
conf l i ct , so pa:-c:e 1 1 7c; bras ah IF! t o  i S S L I ~  i V16l"r~~cj  i:sr?,e l y and beat the  TPS hold.  
I n  t h e  q e c n r l d  c r n ~ e ,  pal-cel 1 J b  had no - t r c ~ t q l e  car,Fl  ic-i, and issued on cyc le  1 . 
P a ~ ~ c e l  Y7c w a s ,  as k>cFa>ra, real-ly t.0 issc17 orr cyc le  3, but  by then the  TPS 
hold was on. Thus, 17c kli~ld to wa it fo r -  10a t.0 ihc38ch I L.PTC1-I boFore the  hold 
was r r ?  lcased pcr.mi  it^ i ng i P. T P a  issue . 



D I SCI-A I MER 

T h i s  docun;t:rrL w a s  pr-erraret-1 as an account 
OF wsrlc  sporlsai-ed an agency o f  t h e  
Urr i -tcd S'&:qtes d"ovcrn~nc:-:n't. Ns i Clwr the  
IJn i z;f?d S t - - a t  c s Gove18t rnrt"srnme; nor t; he 
IJn i 'lih:rs i L y  o f  Cal i f or-n i a rlor any o f  
h e  ir einp l oyr?es, m a l < . . c s  any war-1-onty, 
expre$.s o r  inrpl ied, o r  a s s u m e s .  any leg32 
l i a b i  l i r , y  or. rc5ponsiBkil i ' ly for- the 
accl irracy, c c w p  I etencss o r  usef?u l ness o f  
any i s7Furma. t  i oi-I, appsra-tt,isJ pu'oduc% or  
proct2ss d i uc i oscd, o r  represents  t h a t  
I T %  u?e would no-t i n F r  rnge r > r i ~ r n t e l y  
owned I- i qi i ; ~  . R ? f  er8r?n:e Fiere j n tcl any 
splzc i P i c conufier c r a 1 proc ' l? l~- ts ,  process, 
o r  " ~ I , V I C Z  krjf -truc'~z rram6!, trildtr3~1181'k, 
I V ~ Y I I A ~ T ~ ,  L (  :per, C.T" o.th~-.r.i~ a sle, docs not  
ni ?cc? _ -2r- i 1 y cows% i C w l e :  or imp l y i -2;s 
cndor,f;~?me,-~t, reco~~irserida i i cjn, or  f aver i ng 
by I.dn i - t c y p  l ," %a-Les Grrvev nrverri' or  t h e  
U n  i vers  i 'y 0 P Ca 1 i f orrj  i a .  The v i aws and 
rrp i vr i arjs 3 F ~314-Lhors (:>(pressed I e r e  i n do 
n o t  -IGCGPSEI~ i 1y §La- re  r ) r  rer1ed-C those 
aB il"lz: IJnited S-LaLps Govec-nmc.?n.L %!-ereof, 
and s p a  1 8 no% be I ' S C ~  For" ddvcr-t i c i ng or  
prc i k ~ ~ ? . i _  e,clt:lr)r ';co~:?~I% P L I ~ " ~ O , L ' E ? S  . 

Work ir3erbf o r f i ~ e d  ur>der t h e  ausp i ces o f  t h e  
U ,  S .  Dermt tl-,icn-t, of Fi-rerg\y hy I-awrence 
L i \!cl*Klroi*e 'I:> Y; i o n a  1 LaLril?tbra.t ory  i ? r~dc r  
C B I - , ~ ; ~  r \ C t  n " i ~ m ! r e r  W-7405 - ; I n ~ u 4 8 ,  
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