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lfG'L t9-J AN-73 11: 02 14020 
Load FJ Le Problems?-- See ( 13782, ) 

[ Just reud the message abou t to ad tlle probtemsa The symptoms 
a re to vag ue to r ea lly track Jt dow na Please keep a record for 
the next time it happens a Did tills happen in DNLS Of' TNLS, wha:t 
else was done befo~e, etc a (notice, Jncidentally, that r get 
s imilar messages when 1 mlstakenly typ~ imprope r characters 
(spaces, etc ) in ~he tite name or am connec~ed to the wrong 
directorYa Co uld this be the problem? LoggIng out in those 
cases is not neccessary. please call' J~ this happe ns again While 
it is happening and maybe we can track it down a 

I 
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) 

) 

HGL 19-JAN-73 11:02 t 4020 
Load Fj le Problems?-- See ( l 3782 , , 

(J14020) 19 -JAN-73 11:02; Title: Author(~ ) : Leht.lln , Harvey G./HGL; 
Di stribution: Stone, Duane L. , Hoppe r, J. D. , Kaye, Diane S ., Lehtman, 
Harvey G. , lrby , Charles H. , Kelley, Ki r k E./dls bugs ; 
Sub-Collectio ns: SRI-.ARC BUGS; Clerk: HOL; 
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) 

HGL 19 -JAN-7 3 11:08 14021 
Yore on Co ntinuE'! and SNDWSG- (t 3904,) 

Anothe r note about contlnue-- (1 3904 ,) nnd my rep1.y . 
t.t;t! t aroun d TENEX by u.;.lng lhe GOT O E.XEC command in NLS 

You can 
to get to 

the EXEC to US8 other subsystems, " Q ull" at the EXEC level when 
finI s hed , and be back In NLS at the cor rect place . This command 
may be dan g r.rous i~ you are not care~ul (yeu can have several 
EXEC ~orks around a nd you may oot log out o~ the lower levels ) 

I 

I 
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HGL 19 -JA N-7 3 11: 08 1402 1 
,",o r e on C-O otjnue Rnd SNDNSG-- ( 1 3 9 04 ,) 

(J1402 l1 19 -J Af'rl-7 3 11: 08 ; Title: Author{s): Leht rllll.n , Rarvey G./H.GL ; 
D j s tribution: S t one , Du a ne L., Ro ppe r, J . 0 4 , Kaye , Di ane S 4' Lehtman, 
Hur v ey G .. , Tr by , C h a rles H., Kelley, KJrk E ./ d l s bua s ; 
Suh- Collec tions: SRI-ARC BUGS ; Clerk : HGL ; 



JA KE J 9 -JAN-73 9 : 5 1 14022 
Message to Don f r om De rek 

1 

) 

I 



., 

J" "-E 1 9 -JA N-73 9 : 5 1 140 2 2 
\laMeaae to Don "from D erpk 

) 

(J14 022) 19-JAN-73 9 : 5 1; Title: Author(s): Fa inter, E lizabeth J .. 
(Jake)/JAK E ; Di s tribution: Wallace. Don a ld C . ( Smokey)/dcw ; 
S ub-Coll e ctions : SR I-A RC ; Clerk! JAKE; 

) 

) 
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JLW 19-JAN-73 11:52 14023 
Itt)P Tpchnolog y Comnd t"tee Ag enda 

This is the ~i l e I tried to send you ye9terday--I~ the good Lord 
l~ wl~llng and the creek doesn ' t rise; lt will make it this time . 

, 
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JLM 19 -JA N-7 3 11: 52 14023 
ADP Technology Comm ltt e~ Agen dm 

TentatIvely Se t to r 2 nd week in Feb ruary 

11 00 -1 200 

1200 - 1245 

Peb 1973 

1300 t 3 15 

t 3 15 - J400 

141)0 14 30 

1430 1500 

1500 1530 

1545 1600 

1600 17 00 

1800 

Feb 19 7 3 

OR30 09 15 

09 15 0930 

0930 - 1000 

1015 1045 

lI OO 1115 

111 5 1200 

t 200 - 1330 

AG END A 

ADP Tecbnolo gy Revi e w Com~l~tee 

Arrive G rl~~lss AP B - chec k ln~o VOQ 

Lunch - Of~ l c er' s Club 

rs Overview 

Ul g ller Or de r Lan g uag os + ( E [ S work) 

Associative Processin g 

WULTICS + (Security) 

Graphics 

D~mon s tration DiA Gr aph i cs 

Oe.onstra~iun Ol s plmY8 

Cock tmils and Dinner 

Da ta Na nageme nt Sys ~ em ~ (JTS A WWDH(MS - etc) 

Au g mrnted Human fnt el lect (AMI) 

Demonst ration o~ AHt 

OL PA RS w Demon stra tion - ti .e 

Mic ro~orm ProJect 

Open d iscussjoll 

Lunch 

I 
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3 
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5 

6 

7 

8 

9 

10 

II 

12 

1 3 

•• 
15 

1 6 

17 

1 8 

1 9 

20 

2 1 

22 

23 

2. 
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JLN l q -J AN-73 11: 52 1 4023 
AD? Tec hn o l o g y Comm i tt~e Ag ~nda 

(J14023 ) 19 -JA N-7 3 11 : 52 ; Titl e : Author( s ): McNamar a , J o h n L . / J LN ; 
Dis tri b uti o n! Be thk e , William P 4 , S t o n e , Duan e L., [uarn o , Rocc o F . /WPB 
DLS RF 1; Sub-Collecti o n s ! R AD C; Cle rk: NDP; 
Or Lll in: (MCN AN A R A)A DPCOMNITTE . N L S il. Il-JAN-7 3 8 :46 JUt 
; .. 9 n =0 ; .rm= 7 2 ; 
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) 
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• 

Viewspec v .just 1'ucked me over a g ain. 
uRln g 1~ on a ton g list of inv[sjbtes 

KIRK 19-J AN-73 14:47 14024 

It DOESN'T work . 1 was 
replacJng tabs with SP's 

when It messed me up by replacIn g Cha.l"lt.< .. ters ill n visible on the 
other side ot the screen.. [t worked In othe r cllses previous to 
that but it see.s to be ocaslona~ty messing up randomly . 

, 

1 

1 
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) 

KlRK 1~-JAN-73 14~47 J 4024 

(J14024 ) 19 -JAN-7 3 l4:47; Author(s): Kelley, Kirk E . / KI RK ; 
Olstrlhution! Irby, Char~es H., Ropper , J. 0 ., Kaye , Dtan~ S . , Le tl tman, 
Harvey C. , Irby, Chartes H. , Ke lley, Ki rk E . /chi bugs 
S ub-Co llections: S RI-ARC BUGS; Cle r k: KI RK ; 



LMW I B-JAN-1 3 22 : 28 14025 

) 
Th i s 1s e r equ~st I 

) 

) 

I 



, 

LYM 18 -JAN-7 3 22 : 28 1 4025 

) 
( J 1 402S ) 18-J AfII'-73 22:28 ; Author(s): Masi nt er , La rry Y. /LNN; 
D i s trib u ti on : Masinte r, Lar ry N ./Lllt.(; Sub- Col lection s : N TC ; Cle rk: Llrill; 

) 

) 
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) 
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NJN 19 -JAN-7J 9 : 02 14026 
BSN REport 

Susan -- Tt seems 1 wa.s _ istaken about RUN REport 2491 . It is 
9 0lna to he pubtJshed dS the BBN qu~rterly report , and will not 
be r eady untlt Pebrua ry. At that ti.e we wil l be sen din g you 
about 150 cop I es to be dis tribut ed to the n~twork. 1 think ~hat 
should be Bu:f-t:ic i e nl. --Nancy 

1 
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) 
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NJ N 19-JAN-73 9 : 02 14026 
H BN R Epor t 

( J 14026 ) J 9 -JAN-7 3 9 : 02 ; Tl tle: Author( s l: Ne l a:u~ , Nancy J .. /NJ N ; 
D istribution: Lee , Susan H./sR L; Sub- Co lLections! NrC; Clerk : NJN; 

, 



, .. 
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) 

thank you ~or your response 
forecastIn g _ J am .forwarding it 

Rs2 19-JAN-13 t3:15 

on ti~e sories analysis und 
to dr. noyer slngpurwoLa a~ 
wil l be most appreci at ive . 

t 4027 

~eorge wBshington 
1 would llk~ 

unJ vcrs i ty who 
to personally thank you ~or taking the tIme to 

reeo nd tn laY re ques t. s uch in1:eractlon cannot help but mak e the 
arpunet a valuab Le resource. the capabllitle~ ot which wIlt br 
use~ul t o people 01 a wide range of interests end disciplines. 

si nce r ely, 

ernie forman 

l 

! 
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RS2 t9 - JAN-73 13: 15 1 4027 

(J 140 27 ) 19 -JAN-73 13: 15 ; Tit le: Aut hod s): 
Dlatrlhution: Beaman , Kathy/KR; S ub-Collections: 

S 11he r skl , Robert/ RS2' 
N(C; C l c rk: RS2 ; 
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NWG/RFC' 445 A~ M 22 -JAN-13 13:52 1402~ 
I MP/TIP Prev~ntiv8 Maintenance Sc hedule 

[ MP/TIP P r even tjv e Ma Intenance Schedule 

Th i s not e p r esen-ts the c urrent l MP /TI P Preventl v e Ma in tenance 
schedu l e . Prevent iv e Ma intenance i s scheduled on a .onthly 
basis, and a Mlv en machine is normal~y scheduled a t ~he same 
time each mon th; wherever possible the time i s chosen to 
c()inclde with the P)I time for the Rost( s) at the s ite. 

It Ie somet i mes necessary to reschedule PM ' s because of 
network connect lvl ty considerations o r ~or o th e r r easons . 
Wheneve r such r eschedullng occurs , we will a nn ounce th e tact 
as Hoon as possible vi a two mechan j s ms - the TIP NEWS a nd a 
Journal note (NOT an RFC ) to Tech nI ca l Lla i,g on s . Any 
pe r manent chan&~s to the schedule will be a nnounced v ,la. the 
RFC mechan ism. 

All ti mes show n hetow are Eastern Time. 

FJ r qt Mo n day (o~ each mo nth) 

BON ' liP [0830- t I 30] 

Pirst Tuesduy 

BSN TT P [ 0830-1130] 

ucsa [11 30-14301 

First Wednesday 

CARNEG I E [0830-1130) 

SR I [1130-1430) 

XEROX [1500-1 800 ] 

II i rs t ThurHday 

SAAe [OR30-11 30) 

UTAH [ 1030-1 330] 

Second Monday 

WI T [OR30-1l30) 

NOAA [1030-1 330) 

1 

1 a 

I b 

Ie 

leI 

lel a 

le2 

lc2a 

l c2b 

l e3 

l c3o. 

l e3b 

lc3e 

l e4 

l c4a 

1 c4b 

lc 5 

lcSa 

l c5b 



) 

) 

NWG/RFCj 445 
IMP/TI P Preventive MaInte n a nce Sc he d ul e 

Seco n d Tuesday 

N ITRE [0830-11 30) 

usc [ 1130-1 430) 

Second Wednesda.y 

CCA [OR30-t1 301 

STANFORD r 11 30-14 30 ] 

RAUC [1430-1730] 

Second Thursday 

BBLVO I R [0830-1130] 

UCSD [1130-1430] 

PATRICK [093 0-1230J 

Third Monday 

HARVARD [0830-1130] 

UCLA [ 10 00-1 3001 

Th ird Tuesday 

RANI> [11.30-1430] 

soc [1 530-1 830 1 

Thlrd Wednesduy 

lLLINOIS [0930-1 230 ] 

ARPA r0830-1I 30] 

AWBS TYP [ 11 30- 1430] 

Thi r d Thursday 

BTAC [0830-11 30) 

FNWC [ 11 30-1 430] 

2 

AA~ 22 -J AN -7 3 13:52 1 402'3 

l eO 

1 c6a 

lc6b 

l e7 

le7 a 

lc7b 

1c7c 

le 8 

le Ba 

lcBb 

J eRe 

'e q 

l e9a 

l e9b 

l c l 0 

l c l 0a 

lelOb 

Ie II 

1 e ll a 

Ie 11 b 

le11e 

le12 

l c 12o. 

Ie 12b 
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) 

) 

NWC/R FCI!! 445 
r WP/TIP Preventiv~ Majnten~nce Schedule 

Pourth Yond~y 

CASE [0830-' . 30 ] 

HAWAlJ [ 1330-1630] 

Pourth Tupsday 

NBS [OR3n- 1130] 

LBL [1 .30-1430] 

Fourth Wednesday 

LINCO LN [0830- 1130] 

AN BS TIP [1130-1430 ] 

Fourth Thursday 

ewc [0930-1 230] 

l S I [1300-1600] 

ABERDBEN [OR30-1tlO] 

AAM 22-JAN-73 13:52 14028 

lcll 

Lel3a 

Icl3b 

lct4 

le14a 

Ie 14b 

le i S 

Ic15a 

le15b 

lcl6 

lc16a 

lc16b 

lc16c 
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,NlfG / RFCIl 445 AAM 22- JAN- 7J 13:52 14028 
f wr / TIP P r even~jve Maintenance Schedule 

(J14028 1 22- JAN - 73 l3:52 ~ T J t l e: AuthQr (s ): ~cKenz i e , Alex A. /AAM; 
0 181:(' l but 1 0n: Wa r t!n, Re~ e ., Leich n er , Ge n e , Fa Lk , G i l , Isel i, John , 
Oon n eLLey , Jed E. , Kllntro .. J ~ z , Wi ll iam , Woltberg , Michael S. , Feln r o1.h , 
Yeshlah S .. , Murt , James , Hea rn, An1:hony C ., S t ein , James H. , ShoRhanJ , 
Ar lo , Ua r slem , Eric F ., M etcal~e , Robert M. ( Bob ), Rousso" , Br adley A. , 
Rei n s , E. R . ( DIck), Kadunce , DanIel L ., McCutchen , Sa~uel P. t Pe~regal , 

Geo r~e N., ~adden, James ~ ., Youn g , M1chael 8 ., PadlIpqky , MIchael A., 
Stev enson , SchuyLer , Deutsch , L . Pe1.er , DavIdson , John , O ' Sul ~ ivan , 

Thomas , Se r ouse! , Sol F., Bradne r, Scott , Thomas , Rober t R., ThoNas , 
John C., RomaneLLI , MIchae l J . , S toug hto n, Ro nald M. , Owen , A. D. ( Ruz ), 
F in k , Robe r t L., Me~r , Jaacov, No r th , Jeanne B. , C r ocker , Ste v e D .. , 
Law r ence , Thoma.s F ., McCon n e ll, Joh n V . t Olt lka in eon , ArJ A. J., Whi t e , 
Jame~ E . (J I m ), Hathaway , A. Wayne , Fou l k, Pa tri ck W., Winter , Richa r d 
A. t Van Zoeren , Ha r old R., \(cKenz.Je , Alex A., \1' J n~~t , Joel III . , Shushan , 
AbhR.Y K., Pyke, Thomas N .. , Wi l be r, R . Michael , FelgenhaullI, Edward A. , 
RrKden , Robert T ., Pepin , James M. , Wessler , Ba r ry D., MeLvIn , John 
T . /NLG; Sub- Collections: N I C NLG ; RFC# 445 ; Cle r k : A4Y; 
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) 

) 

• 

TRANSWITTAL TO! 

PHON: 

K l ~K 22 -JA N-?3 20 :4 0 

Professor J ohn Seely Brown 
Depar tltlent leS 
Unlve r s lt y ot Ca ll to r nJa 
irvine , Ca L 92664 

Su~an Lee ( SR I- ARC ) 
S t at i on Agent 

t4029 

At the request of Tom O ' S ullivan, Raytheon , Coo r dlna tor of the 
CS I Group , your n alne has been added t o the G r oup li s t . We are 
enc tD s in R the CS T Notes whIch have been I SAued and you wjll 
r ec~lve ~utllr e ones as they are publ i shed . 

c: T. O ' S ullivan 

NIC q3 41 
NYC t)6r'A 
NrC 9R75 
Nr c fI R76 
NTC 9qRJ 
Nr c 12741 
NIC 12742 
NIC l 2 75 5 

1 0 

I b 

Ihl 



KI RK ?2-JA N-73 20 ~ 40 14029 

) 
(J1 4029 ) 22-JAN-7320: 40 ; Aut ho r(s): Ke ll ey , Kirk E ./ KTRK ; 
S ub-Coll ec tj o n 9 ~ SR T-A RC ; Clerk: KJ RK; 

) 

) 



) 

) 

) 

AAN 22 -JA N-73 12:06 L4030 
Notice to AMES TIP users 

The ~emory rctrnfi~ to the Ames T IP, previQuSly announced ~or 
Wednesday , January 24 , has been moved to Thursday, January 25 . 
Due -to the extent o:L the work r equ J red, l t Js likely that the TIP 
wi ll also be down ~or some o-t FrJdllY, J anul!lry 26. 

t 

1 
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AAM 22-J AN-7 3 12 : 06 J 4030 
NotJ ce to AMBS TIP users 

( Jt4030 ) 22- JAN-7 :) t2 ~ 06 ; TitLe: Author(s): McK enzie., Alex A./Ao" ",- ; 
D lstrLbutIon: Kartln, Reg E., LeLch n e r, Gene, Fa lk, GIL , 186 1 1., John , 
Dnnnolley ., Jed fl • ., Ka ntrowitz., Wil ll nm , Wa Ltbe r- g , Mtchll.et S ., FeJ nr o t h , 
Yes hlah S ., Hurt, James , Hearn, Antho n y C., S t e i n , James H. t Shoshani , 
Ar l e , Rarslem , Erlc F ., Yetcal~e, Robe rt W. ( Bob ), Re usso w, Brad l ey A., 
Rei ns , E . R. ( DLck ), Kadunce, DanIel L., McCu tch e n, Samuel P., Pe t rpga L, 
eo r~e H., Madden , J ames Y., Youn a , MJ chae L B., Padlipsky, Mi chael A. f 

S tevenson, S chuy Ler, Deutsc h , L. Pete r, Dav idso n, John, O ' SullJvan , 
ThomB.s , Sc roussi , S ol F ., B ra dner , Sco t t , Thomas, Robert II ., Thoma ff , 
John C., Ro~anelll, ~lchael J., S tough t on , Ronald N., Owen ., A . D. ( BUL ), 
Flnk, Robe rt L .. , Ne ir, Ja o.cov, No rt h , Jeanne B., C r ocke r, S teve 0 ., 
Lawrence, Thomas F ., McCo nn el l, John W., Olllkalnen , ArJ A. J ., White , 
James E . (Ji m ), Hathaway , A. Wayne ., Foulk, Pa trI ck W., Wl nte r, R ichard 
A., Va n Zoe reo, Harold R., McKe n z l e , Alex A., Winett , Joel V., Shushan, 
Ahhny K., Pyke , Tho~as N. , Wilber, R. MJ chae L, Feigenbaum , Edward A. , 
Braden , Ro bert T ., PepIn , J a.os ~ ., Wessler , Ba rr y 0 ., Mel v in , J ohn 
T . /NLG ; S ub-Co l lectJons: NrC NLG, Clerk : AAV ; 
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) 

) 

AAN 22-JAN-7 3 l2: L4 14031 
Notice to se~ec te d AWES TIP users 

The ~emory retrof Jt to the Ames T IP, previously announced ~or 

Wed n esday , January 24 , has been moved to Thursday, January 25 . 
Due t o the rxtent of the work requi red, it J9 lIkely tha~ the TIP 
.ill a l so be down tor SOMe o~ Frlday, Jonuary 26 

1 
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) 

) 

AAM 22-JAN-73 12:14 1403 t 
Notice to selected ~NES TIP users 

(J14031 ) 22-JA N-73 12 :14; Title: Author(s): McKenzie, Alex A./AAM; 
Distf"ibution: Deutsch, .L . Peter, En g l.lsh, William X. , Fiala, Edwfl.rd R. , 
Kay, Alan C . , Lampson, Butle r W. , WcC rei gh t , Edwa r d M. , Mitchell , James 
G . , Payne, Adr ienne 101 ., Sa t1"erthwalte , Ed R . , Sweet, Richard E., 
Teitelman, Warren , Metca lfe, Rohert M. ( Bob) , Golding, Stan, Hart , 
James , Ha-t haway, A. Wayne, Llnebaf"ger, Ro bert N., Pucine , GIno, Rogatl.o, 
SattJ e J . /L PD WKE ERF ACK BW L BMW JGM AMP ERS RES WT RM!If se JU AWH RNL 
GINO S.TR ; SUb-Collections : NrC; Clerk: AA-.. ; 
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AA~ 22 -JAN-7 3 1 2 :17 t 4032 
No~ice t o Ames TIP uscrs 

The ~o.ory re~rorlt to the Ames T IP, prevIously a nnounce d tor 
Wednesday , January 24 , has been mo v ed to Thursday, January 25 .. 
Due to th~ extent n~ the work r equired , i t Is likely that the TIP 
wilt also be down tor some 01 Friday, January 26. 

1 

1 
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) 

) 

AAM 22 -JAN-73 1 2 :17 14032 
Notlce to Ames T IP use r s 

(.11 4032 ) 22-J AN -7 3 12:17; Tjtle: Author{q}: McKe n~l e , Alex A. /"'AM; 
Dlg"trl bu tlon: Jones, D iana L ., Dunnelley , J ed E ., Ru.aset, Ma r garet A . 
( lIa,:z:" lc), Co l man , Harold , Neigus, Nancy J. , So.l c k , Terry , Mcnd-le , Frances 
A . (fonl) , Youn g , He l e n D., Lee, S usa n Iii' ., Gilliard, Lucill e C . (Lucy), 
Fu.t k , G il, Coltjns , P.d J., Blunck, Gary , Heafner, John F ., 8 eaman , 
Ka thy, Kin g , Davi d J., Moody, C . J a ne, Lema ro, Marla B., S hj1frin , James 
H., P it k i n , S ue, FitzsJmmons , Jerry, Hicks , Gre g o ry P. , Maxey, Glor1a 
Jean, Peeler , Robe rt a J ., Baxter , Faye , Fields , Cra1 g , Be ned jct, Ja mes 
G., ~cCauley , Rrmal ee R., I wamoto, Kar~a ret, Larson, Dee , Doa ne, Robe rt 
E., Odom , Dan, Monroe , Brenda, Ruynolds , Dorothy A., North, Jeanne A., 
Cutler, Pam J . Klot z , Ba rnett, Barbara , Forman , Brnest H., Go ldin g , 
S tan, Chi pma n, S teve G .. , Ba r den , John P ., G1nsberLCI Ma rt ha A. , 1fu.tkln 9 , 
S hirley ~ ., Co nnelly, Linda N., T roxel, Janet W., Rosewall. Conn1e D •• 
Webster, Linda M., Co Ley, An1ta L . , Nos tro~, Carol J./NSAG; 
Sub- Collec ti o n s : Nrc NS AG; Clerk: AAN ; 



) 

) 

) 

AAM ~2-JAN-73 6 : 27 14033 
FTP nocu~en~a tl on -I mp roveme nt Wee1 ln g 

I ha v e called a meetln£ 01 r epresentatives from MlT and BRN on 
Thurqday , January 2, at L:OO PM 10 a tt emp t to g e neratp a n ew FTP 
document f r om Rf'C s 3 5 4 . 385 , 414 , 4 18 nnd pe r so nal comm unJcatlons. 

rt i 3 my Intent t ha t thi s rlocument ~houl c1 he released as a true 
" Request fo r Commpntq " Hnd n o t a~ an " OffJcJa l Spec lfl cnt io n " . 1 

I ntrnrl to schedule a meetIng of lhe e ntIre FTP comm Itt ee ~evera l 

weeks af t e r the publica tion o~ thi s RFC , at which time we can 
consider releasf' of a n " O f"'fi c lal Protocol ". r n sp i te 0"1 the 'tact 
that r t h i.nk th e 8.bove- mn ntlo ne d mee tJ n g will n o l he makln~ ma jor 
chan~es , it i s not my lnt e nt to exc lude anyone f r om th e FTP 
committee who wishes to attend . Therefore , If yo u have n't been 
pe r s~ n a ll y invlted bu t would lI ke to come f o r supp l y odditiona l 
inpu t s ) p le ase cft ll me at 

( 6 17) 49L-1 8 50 ex t 44 1 
to r mo r e intorm~tlon. 

Alex Mc l{enzie 

I 

1 
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) 

) 

AA~ 22-JAN-7 3 6 : 2 7 1 4033 
FTP Docume ntation- Im p r ovemen t Wert i ng 

( J 1 4f)33 l 22- JAN- 7 .J 6 : 27 ; 
D l s tr ibu tjon: Brade n, Rnbe rt 
Heaf~~r, J ohn F ., Ba~ hawftY I 

T i tle: ""u1hor(s): McKenzie, AL~x A. /AAM; 
T ., Ch~n, Arvolo, Hu r s l em , Frlc F ., 

A. Wayne , Mr1ca 11e , Robe rt M. (Aobl , Pos t el , 
Jon athan B., Ryan, Nea l D., S un dbe r g , Robe r t Lo, Tomlinson , Ray S o, 
Wa t son , R i chard ~ o, White , J ames E . (JI . ), Ne l g us , Na n c y J o, Dhushan , 
Abh ay Ko , Br esslp r, Robert D o ( Dob l/ RT8 AC RFM JFR A.a R~N JBP NDR RLS 
RST .W JEW NJN AKR RDB2 ; Sub-Cotl~c t jons: NrC; C l erk: "" AN ; 



) 

) 

) 

CH I 22- JAN- 73 ~ ! 44 

SOl'll £" vl ewspec v nottes , Respo nse to (Journal , 14024 ,1 
14034 

Ki r k , [ think 1 un ({er~tand your dl"lf l culty wi th v1ew-s pec v . 
Vlewspec v merely dp1' eres chan~ in ~ the Ima P 011 the screen; 1t 
does not defer ch~na ln a the "lile which Js rep re se n~pd on the 
sc r ~en Consequently, it you do several edi ts to th e s ame 
9a tement , your bu ~ se lections will ge~ m&ped I nto charactpr ~ 

othe r than thos~ wh i ch we re mark ed on th e s creen . For ex amp l e , 
l~ you de lete the tirst Dart or a statement thell subseq u ent 
selec ti ons o n tha t s tateMent will ~e t mapped to the wr on g 
cha r ac t e rs . To use vJews p ec v to a d vanta g p , dele t e th1n~q "l r om 
statemen t s "f rom th~ e nd t owa rd the b e ~ i nlnK a nd de l ete structur es 
~rom the bot tom towa rd the top. -- Cha rles . 



, 

) 

) 

) 

CH I 22 -JA N-7 3 9 :4 4 
Some Vl ~wHpec v nottes , Res ponse t o ( Journal , 14024 ,) 

14034 

( Jt40J4 ) 22- JAN - 73 9 : 44 ; T itl e: Author(s ): [rh y , Charles H./CHI ; 
Dis tribution: Ke ll ey , Kirk E., Hopper , J . D ., Kaye , Djane S . , Leht ~a n, 

Harvey G ., frby, Charl es B ., Kelley , Kjrk E . /kirk bug s ; 
Sub-:o l tect ions: S R I-A RC RUGS ; C lerk : CllI ; 



) 

) 

DJA 2 1-JAN-73 17: 03 
A neM versIon o~ the NLS call-return trace p rog r&N 

14035 

ThiA d~scrlhes 8 n e w tracing us e r pro g ram. It includes exe c ution 
tl~e and th e tr~ce nf sJ~na lg F Jo d ou1 how long your ~avorite 
r outine t o k eS 



) 

) 

) 

OIA 2t-JAN-73 17:03 
A new verslon o~ the NLS call - re~urn tra~ e p ro Kram 

A n~w wrlnklo In "the trace program: 

14035 

A call -return trace ca n be obta l.ned via user prog r aM in 
f andrews,ttrace ,' .. This user p r ocram succeerts and sUrpt'lsses 
(andrcws,tracer,).. La 

The new one dOP.R bas ically what the old one d i d , nu1" 
Includes execution ~J me as well as the trace Information . 
Al s o, it -traceR s J gna l s ( al'te r It "fashion) tl.S well .. 

Execut J on "tImes Itr0 g 1ven 
( where an event is a call 
arc mllli secondA . Also , 
each procedure ca lled a nd 
~rom each procedu r e. 

as elapsed tillle be 1 ween "even ta" 
or r eturn or Algn al ). The units 

execution ti mes are s u mmed ~or 
the sum Is llrlnted at the return 

Sl~nals are traced in the followin g .form: 

S I GNAL TO <routine>+<dsp) , (pro gnam~> (ad r > OF (n , <adr») 

Where (routine) and <p r ognarne> r epresent sy.bol.s, <dsp > 
Is and octal dlHptaceNent , <adr) Is an octal addrpss .. 

This provides -the ::tac t that there WII.9 a signal, Bnd 
<rout i ne> was acti v ated at <routlne>+<dsp) (which is the 
<artr» , and the v a l ue of the signal wa9 n (decimal 
number ) and the ~eB9age was a.t location <a.d r > . You have 
to iook in ti,e proper v e r sjon of NLS to f ind the text of 
1 he Messa e .. 

The eKecution time Is d istorted Aomewhat by all thlH 
traC'fna; . Rut" not excessIvely so .. 1 did ~ome mea.sur i n g : A 
glmpl~ procedUre call and r eturn (no argume nt s , no return 
v o.lue) I S f:l.bout 65 micro seconds. WI th the trace stuff on, 
It takes ahout 200 mic ro seconds . Th~ time taken to do the 
Pb{AP JS YS i to g et the t r ace data out to the "fIle) Is 
Buhtracted from the pr inte d execution t i mes . Hence the 
execution times are pre tt y accurate .. The Bum 1'or R routjne 
muy be Intlated sOlliewhat if', in e:xecutin a that rou1:ine, 
many ca ll s and re1:urns were done . Certa inly co~pute bound 

1.1 

1.2 

1.3 

la311 

l a 3b 

ta3c 

Inops and JSYS ctt.lls are timed q\l J te accurately.. 11.\ 4 

S:>IIIe srt.", p le ou1put and an explainatlon .. 

Sup po s e one "branch" of output £rom the 
Jnterpret trace command (which 19 used 
trace.data ~ile) looks lI ke thIs: 

t 

supe rwatch 
to flrlnt thf" 

Ib 

1 b 1 
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D1A 2 1-JA N-73 17: 03 
~ new vers ion ot the NLS call-return truce progra. 

1 4035 

The nu rnb f"l" 1'01 lowIng the proce:dur~ nameR and fi Ie name!"; 
lL re oc tal addresses. The number in pa r e n s are elapsed 
times In ms . (decimal ). The numbers in square bracke ts 
are ~otal times in routine s in ms. The total tJmes are 
assoclatect with thE" ro utine specified at the "source " 
s"t ,ructurf" wise . 

x , utitty 3456 (4) 

y,utllty 3477 (2) 

qq,au'Xcod 3344 (0) R (1) 

zz,auxocd 32 10 ( 4) R ( 0) 

R ( 3 ) [8] 

R ( 0 ) [LO] 

S lGNAL T O mainctt+3,blah 56773 OF (2,334J22) ( 0 ) 

heip , bloop 44567 (0) 

otc . 

This 

P rocedure x in utllty was called. Whoever called hJm 
computed ~or 4 ms. between the ti me he was cal t ed a n d 
the time he cal ted x. X called y 2 mS. lat e r. Zero mF;. 
later, y called qq In auxcod . QQ returned a millisecond 
later (or so) and y called zz ~our milliseconds a£ter 
that return . ZZ dldnt use much tlme and return",d to y . 
Y then computed ~o r 3 ms. and returned. The t ota l time 
burned up hy y is si v en as g UI.H. Then x returned and 
the total tor ~ Is g iven as 10 m9 . Then a si g nul 
occurred in whoeve r called x . Thl? v~lue was 2 nnd the 
Message t e xt at 334122. Control was paAsed to maJnctl+3 
in file blah . He called help 1n bloop , etc . 

Rtapspd times 1:hat a r e one ro two milliseconds are not 
Ai~nifi~ant ex~ep t to say that the execu1:lon tim e was 
"smull". ExecutIon tImes that are a sum 01 many " s~all " 

elapsed t i meR (say 5 or 1 0 rnA.) are accurate wi-tilln I or 2 
ms. however .. 

2 

1 bl a 

I b lb 

1 hi bl 

1 b t h 1 a 

Ibl bth 

Ihlbtc 

l btb'2 

Iblc 

Iblcl 

Ibl c la 

lb2 

lb2a 

lb3 
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DIA 2 1-JAN-73 17: 03 
A n e w v ers ion o~ the NL S ca ll-return trace p rog r am 

14035 

( J140J5 , 21 -J AN- 7 3 17:03 ; Title : Author(s): And r ews, Don I./ DTA; 
Distri b ution: VIctor, Kenneth E . (Ken), White, James E . ( Ji n:d , Dorn h u s h, 
C harl e s F ., Micha e l, Eli z abe t h K. , Vallee , Jacques F .. , Mltchell, Jameq 
G., Deutsc h, L. Peter , Kaye , D i ane S ., Andrews , Don f., Ra 9 S , Walt , 
H opp e r , J. D., l r hy , C harles H., Lehtman , Aarvey G . t Deut ~ ch , L. Pe t ~ r, 

'f atsCllO , R lc hard W., Wallace , Donald C. ( S mokey ), Vlctor , Kenn e t h F. . 
{Ken l/NPG L P'D RW'W DCW KEV; Sub- Co ll ections : SR i-A RC NPG; C lerk : DrA; 
O ri ~ l n: (AN DRBW S ) RLU RB . NLS ;J, 21 -JA N- 7 3 16: 2 3 D lA ; 
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DSK 22 -JA N-7 3 14 : 02 14036 
View~pec ltv" Reported Problem 

Vlew3 pec v elth~ r works o r It d oesn' t work . I t you h a v e it on, 
and pdl t or Jum p , and It :fu ils to r ec r ea t e display , it WORKED . 
Tho.1: ' R o.t l i 1" promises t o d o. Lot me know I., It a. ll ows the 
dIsplay to recreate . 1 



• 

) 

) 

V lew9pec "v " R e po rt ed P roblem 

( .Jl 4036 ) 22 - J AN-73 14:02; T i He : 
Olstrj b uti o n: Ke ll ey , Ki r k E./klrk 
DSK: 

DS K 2 2 - JA N- ? 3 14 : 02 1 4036 

A uthor( s ) : Kaye , Di tl n t;> S . / DSK ; 

S ub - Co l le c tio ns: SR r - ARC ; Cl e rk : 
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DVN 22- J AN-7 J 2Q ! 25 
Output to C0~ . Cu rrent Sta te I Visit or Log : Na r k Brown g Paul 
John~nn of nDS] 

1 403 7 

'Jark "rown 801'1 Pau l J o h nso n of DDS T p U.!'(Red hrip1'ly throuuh t-o day 
( JlI.nuo. r y 18 ) on th~lr way from Mft. rJn C" unt y to Los An ge l es , 

Wa lt er n ass, Di ck WatRon , and r me t wIth them. 

At o n e po int we s u mmar i zed the problems that _e (A RC ) saw 

1 

2 

outRtnnding ~s fo ll ows : 3 

(1) Propo rti o nal Spacin~ Paul ftsserts th~t proportional 
Apo.c in g is n ow workJn Q; . We hand",d hi m a tape that contains 
p r oporti o nal spac in g a nd we will see what returns. 30. 

( 2 ) When we specify th a t th e type tace in II. sin~le ljn e 
sw it ch back between s lante d and unstan t ed mo re than twjc e . t he 
Rwitch does not n ecessarily occur. 

Paul was h{no r an t o'f that p ro b l",,. and' says he will look 
in"to it . 

( 3) The p rLntJ n ~ in t he pa inted fontR i s t oo heavy looking , 
partIcula r a t po int B i ~es ~es9 t ha n ton. Paul s aLd he was 
awnre of the P't'oble'I\ a nd that thoy W"'t"'''' g oin g to ( rftprovc it . 

Spec l1'l cally he Sa i d 1hey pl llnned to reduco both th e s i ze 
and intensity (tha~ LR reduc e the t o tul number of pho ~o n $ l 

i n ~he bea~ wh ich pa Lnt e d the cha ra c t e r s and t o reduce it 
di~erentlally accord ing to type s i ze . 

( 4 ) Charac t er Re t s -- Walt hal1 asked for a compl ete ", sc n 
characfer set. He s ubsequently d lRcov e r ed thai" our c haracte r 
se t f ~ 1962 ASC II which lnc l u des bock nrro." a n el up arrow 
(e ssent ial t o L -I 0 ), but thelr ASC l1 i s 1 968 ASC Il .hich has a 
cl r c um :flex and some thing or other at those spots . 

Puul 6nd Wa lter worked out a Ro luti on . 

We d i scus~ed br i efly "the fu t ure p robl~ms 01 l ar~e characte r 
spts . 

P aul pol.ntcrt out that In th e ir stick fonts hllve a wjde 
a rray of mo. thotnlltlcal cha r ac ter~ . 

( 5 1 Ha lftone,.;; -- Vie a g reed that we would attemp t t o 
In corpo r a t e halftones In our documen t s by ARC s u pp l yi n g t o 
OOC; [ tiles on tape tha ~ includ ed photo nUlftbe r s a n d space where 
h al ft ones or lln~ d r a. Jn gs were s upposed to occu r and 
supplyln~ "t o t hem wl ih the t apo the phn t os and lin e d r aw in g s 

3h 

3h l 

3c 

3c t 

3d 

311 1 

3d2 

3d2a 
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OVN 22 -JAN-73 20 : 25 
Ou~ put to COM , Current ~tate I Visitor Lo": M~ r k Brown gPoul 
John",on of OI)S t 

140 ')7 

t helll~p lves croppe<f with jnstru c ~i on~ AS to th e ir s i ze <In the 
~injqhed p ri nted pa~e . 

Pau l asserted that they we r p s u bc"ntract Jo g to ha v e some 
o~hpr comDa ny wo rking at their shop tranRfe r images 
dJ r ectly ~r o~ micro~11~ t o pape r o~lsc~ plateR , r a t her than 
to a n int err.ed iat e g los s y pape r s te p . He sa id th8.~ 

~uhcontrac lor s wo uld insert the hal ftone s and lin e drawIngs 
on th e p t a tp~ a t this step In the way normal to o ~t ge t 

3e 

prlntin~ . 3e t 

Hitherto they had been sendi n g an intermediate paper s tep 
to t h e ir p rint e r who made p tates from ~hoqe g loss ie s t 

I had the s tronA impression t hu. l: hey wore se n d Ing 
micr ofi lm ~ o Oiline . 

( 6 ) Turn 0 roun d t iTlle -- 1'hey spoke 0 '" :1 or 4 da.y~ whe n we made 

~ he con tract. TUrn around h as been runnlng t e n d a ys t o two 
w~ eks . Pau l and Ma rk asse rt ed that J t hus bee n tas ter t hIs 
yeo r. I int e n d t o track ~o re care~ully turn around in the 
nex t few wee k~ . ['ll make an arrang ement with Kay. I also 
lntend t o talk to the SR I mall r oom abou t whethpr ~he tapes 
a r e movln ,g:: t o DDS I In the fastest poss ibl e way . 

Pau l spoke w ltll p ride o~ a tl~e o~ about 20 hours ~rom th e 
arriv a l o~ a t ~pe in b i s ha nds until a rotl 0 1 e xpos ed tilm t ef t 
hiy ha n d t o th e ir ~jtm p rocessin g l abo r atory . 

Tn ~0 neral , we men ti o ned to them future possib iliti es ar i s ing 
trom our r e Lati onsh i p . 

'l'P tr;a v e ~h em a copy of Dou g ' s pA p er (t34 45 ,). D i ck Watson 
me ntlon ed tha t there had been ta~k a t the ARP A Prin c i pa l 
Invest i ga t ors ' ~ee tlng o~ some central COM B v a Lt ab te to anyone 
on t he NET , and Dt ck a nd J mentioned ~hut there had he en t alk 
ot an acal1 e llt ic .Jou rnat "f o r t he Ne t wo r k wh I ch would p r obahl y be 
pub l ishpd throu g h CO~ . 

2 

4 

5 



) 

) 

) 

DVN 22-J AN-7 3 20 : 25 
Ou t p ut to COM , Current S tate / VlsJtor Lo g : ~a rk Brown S P a ul 
John .. o n of DDSJ 

[ 403 7 

(J1 4037) 22-JA N- 73 0:25 ; TJ t le: Author(~): Van No uhuy s . Dirk 
H./ DV N; Di s tribution: En g elhart, Douglas C., Meyer, N. Dean , 
Q lcha r d If ., Bas s , W£llt, Nor ton, Jam es C . , Byrd, Kay F ./dce 
... lb Jcn k .fb ; S ub-Coll.ectlons: Sll lARC D?CS ; Cle r k: DVN~ 

Qri g ln: <VANNOUHUYS>JDOSI . NLS;2 , 22-JAN-73 20 : 2 L DVN ; 

Watson, 
ndm rww 
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K1RK 22-JA N- 73 17! 5 1 L4 038 

I have chaoMed the default ~lnkR Lor locator to be HIe . I~ therp 
ls a reason not t o do t hlBt tet me know . (I t I s caRY to do : 
Execute OwnerRb{o ) 
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KIRK 22-J AN- 73 11:51 1 403'1 

( J14038) 22-J AN-7 3 17 : 5 1 ; Author(s): Kelley , Kirk E . / Kr RK; 
D l s1:r i butl<> n: V a n Nouhuys , Di rk H./dvn 
Clerk! KIRK; 

; S ub-Co ll ec ti o n s : SRI -A. RC ; 
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MDK 22-JAN-73 l 5 : 0 1 14039 
E xec- Level Journal Comman d s 

Char 1 os Rc p:: a.rd i n g y()ur recO!1)menda t i on fa r EX EC-leve t Journo.l 
comm a nds ~or Journal Bubm lRslon and Ji"Jurnal pr i ntout: 

T h is Is a g ood idea. As you know , severat persons wbo u s e ou.r 
SYST e m over the network ha v e been ask in g for thIs for so me 
time, s o it will be a pl u s ~or us I ~ we ca n implement it soon . 

The NrC ~eels a specia l responsibJllty in this area, since 
most of the compLaints and r£!tl l lests come throUM; h us, and we 

~ill have to explain the use 01 the new co~mand . 

C Dnsequent l y, we would like to pa rti c ipate jn the deSi g n 01 
the Ryntax and seman~icB o~ this new command . 

1 

1 

1 . 

1 " 
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ItDK 22 -JAN-73 15:0 1 14039 
Exec- Level JQurnal Commands 

(J140J9 ) 22-J AN-7J 15: 0 l; T l tle: &uthor(~): Kudl l ck , M i~hael D./NDK 
-; .DIstrIbution: lio1'tman , Ca rol B ., Lee, SusBn R . t Michnel, E lizabeth K., 
Dornbush , Charles P . , A.RC , Guest 0 ., Felnter , Elizabeth J . (Jake), 
Handhook , Aug mentat J on Research , Ke lley, Kirk E ., Meyer , N. Doan , By r d , 
K~y P., Prather, Ra lph, Wh Ite , James E . (Jim), Vallee , JacqueR F. , Kaye , 
Dlan~ S ., Rech , Paul, Kudllck , Michael D., Fe r gURo n , Fers R . t Lane , 
L in da L . t Auerbach , Marilyn F ., Bass , Walt, Enge lbart, Doug las C., 
Hardeman , Hoaurega rd A., Ha r dy , MartJn E. , Hopper , J . D., rrby , Ch ar\PR 
H. , Jerni p;a n, Mil E ., Leh tm un , Harv ey G. , North , Jeanne B ., Norton, 
Jame~ C ., Page , C indy , P~xton , .l l~lam H. , Pe~ers , Je~~rey C . , Rn~llf f , 

Jake, Van De R i e t , Edwin K., Van Nouh u ys , Dirk H o t Victor, Ke nn e th E . 
( Ke n), Wal.l u ce , Donald C . ( Smokey ), Watso n, Richard W., Andrpws , Dun 
T . /s r i - arc Sub- Collectjong: SRI -A RC ; C l e rk: MDE ; 
Or ! l.!l n: (KUDLJCK)JOURNI\L . NLS; 3 , 22-J AN- 71 J 4 : 4A WOK; 
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~FA 22-JA~-13 J 5 :4 6 
Rf->sp o nse to some NLS tanf( ua g e questions (J3902 , ) 

rn re~ponse to some of your lan gu&~e qupstlons 

t 4040 

I'm not t ha t sensitive to entity rlpfau\tln g 
C!ouno1s -fine 

your p r oposal 

r thlnk mak in f( 
,Ilf'pa t idea , it 

the Jump to ~.~ stuL~ llke any other com.and a 
seems to g et In rly way more that It helps me 

T would hate to spe the Jump to e n d oL~ .~ stut f ,~o away . It' s 
not like I u s e It atl the time , hut I have cer tain re g ular 
,Jobs where it reulty comes In handy and sa ves m~ a few command 
str'lPR ~ 

About COOT , 1 ag: re e that I t should bE' 
- COOT seems to mostly unusable as 11 
comllland exce p t Insert~ 

1 

changed as you indicate 
one r ates now In any 

I ~ 

l b 

Ie 

I d 
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MF A ?2-JA N-73 1 5 : 46 1 4040 
Respo ns e to som e NLS lunq:uag e questlons (1 3!l02,) 

(J14Q40 ) 22 -JA N-731 5 : 46 ; Titl e : Author( l3 ): Auerbach, .... ar llyn 
fI ./MFA : O ls1:rJ bu tl on: lrby , Cha r les II . / eu r; Sub- Co llectI ons : SR I-A RC ; 
Clerk : ~A: 
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NJN 22- JAN-7 3 6 : 4q 14n41 
sockets 

" on-- Sorry about last Journa l message ; apo l o g y cornin g hy ma it .. 
T g ot a notc this mornin g from one ot my ~avortt~ nuls~nc~s at 
~arvard ~ho asked about the poss l b iLlty 01 a network In~ormation 
socket th a t WOllld list the names, n~cknames, c~ll ing names for 

acce~sin g slies on the net . It mi~hnt be a nlee reat ur e but I ' m 
no t really su r e it i s ei t he r nec e ssary or wo rth a n etwo r k socket. 
[~you have a n y ~eelin @ ~or tbis l et me k n ow and 1 can take it liP 

further ... 1 t h Tenex p eop le. (t ~lso tend to think they woul d o' t 
he i n terested el ther.) Ciao --Nancy 

1 

I 



NJN 22-JAN-?3 6!48 1404 1 
sockets 

) 

(JI 404L ) 22-JAN-?36 : 48; TitL e : Author(s): Nelg: u 5 , Nlt.ncy J./ NJN; 
DI s t rlhu t .lo n ! Postel , Jona-than R. /JRP ; S ub- Co ll ectIo n s : NtC ; Cler k : NJ"l; 

) 

) 
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DVN 23-JA N-73 10 : 00 1404 2 
p lans lor C m.llland Cha n ges the t May be of Intere s t to People on 
the Net . 

You m i g ht be interested in two J o urnal documents ~hat plan 
ctlan ~es in ce rt ai n com_unds that will bp i .lllportant to p eople on 
the net:(.journal,14006) and (Journ a l,1 4039 1. 

I'ln g ure Cherl es and Mike would be a lad to hear your thoua h-ts on 
these taatters . 

1 

t 

2 



) 

) 

) 

DVN 23-J AN-73 1 0 : 00 1 4042 
Pl a ns ~or Command Cha n &es tha~ Yay be of In te r es t t o Peo p l e o n 
the N"e t. 

LJl 4042 ) 23-JA N-7J 1 0 : 00 ; T itl o : Au t h o r{ s ): Van Nou huys , 
H./ DVN ; D l st rlbu tJ o n: trby , Charles R., Ku d li ck , Mic h a el D., 
Nan cy J. t Fo rm a n, E rn est H., C r ocke r, Davj d H./ c hi _dk n J n 
; Sub - Collections : SR I-A~C i C l e r k : DVN; 

Dirk 
Ne l gu!:I , 

eh .t a h c 
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N.DK 23- JAN-73 9 : 1 5 14043 
lInk descriptjo n 

L[NK S 

A "link" 
location 

is a specialty J'orlJlatted text st r ing that (il; ives the 
of: any deAired tte,n o~ on-line lntormation4 

A link can occur a nywhere in a fIle . The information that 
it re~crs to can occur anywhere in that ~ i let or in any 
other ~ile that lA on-tine. 

The use of 

fiLes and 
a link is an i mportant part of 

in 'format ion-hand!! o g . Spec! fic 
ot links a r e : 

t he NLS concept of 
benefic i al aspects 

Us ln ~ links enables the USA r to embed precise c r OBS 
r e1erences in a t ite tor subsequent on-line r eadin g . 

The link allo ws access t o be made to ind ivi d u a l sta t ements , 

I 

I. 

Ia I 

I h 

Ihl 

not merely to ent ir e tiles . 1b 2 

With it, one can eas Ily acce99 Informa~lon, and return 
easily to 1i t es that were p reviously accessed . 

It remo v es the necessity of typ i n g the f il e name or other 
I dentifying data e v ery ~ime one wan ts to access some 
in:form&1:ion e 

It allows 'the '!view!' of jnformatJon to be specified at the 
same t l me tha.t It is accessede 

Note y howeve ry that althoug h the add r ess and viewspecs 
cont r ol the way a fi l e appears When a lin k I s ~i rst 

execut ed y the use r may change a ny o-t: t hese pa r amctcl'S 
once be has accessed a. fIle us in g a link. 

The syntax o~ the link is: 

( el i rectory, tl l enamcy a ddress: vJ ewsP(~cs ) 

wher e 

d irectory 
file named 

= t he name ot' the di r ecto ry containing the 
"fIlename". 

If the dI r ectory name Is om i tted, t he 
wh l ch the u ser Is curren t ly connected 
va lue . 

I 

dJ rectory t o 
I s the de.fault 

tbJ 

Ib4 

IbS 

l b5o. 

I e 

Ie I 

lc2 

Ic 2& 

l c2al 
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MD. 23-JAN-7 3 9 : 1 5 14043 
link dpscr iptlo n 

Whe n the d irectory n a me J s omi tted, the delimIting 
comma fol lowIn g 1t s hould a lso be oml~terl. lc2ala 

f il e n ame the Ilame of the ~ lle to he accessed. 

£r "th e .filename I s om itted , the system a ssu mes that 
the tjnk re£ers ~o a locatJon In the fjle that the 
link occu r!;'! Ln. 

The ' ll en a~p cannot be omit ted unles~ the d irec tory 
name I s also om i tt ed . 

Wh en the filename 1s omitted, the de limiting comma 

le2h 

J c2h l 

Lc 2b2 

fo l low ln~ 1t should a l so be omitted. lc2b2a 

add r ess 
th e fIle 

= the number o r nallle o~ 

tha t Js to be accessed . 
th e s to.t emen tIn 

It "add r ess " is not spec l :fied , 'the systpm assumes the 
address Is that at the origin statement o:f the file. 

Whe n the address is o mitte d , th~ rtetimitlna colon 
;fo llowl ni!; it should NOT be omit ted .. 

vi e wspecs = a series n~ spec ifications , or forma t 
codes, Wh ich control the way the file will appear when 
accessed throug h the lIn k . 

Ex ump l es : 

r:f "viewspecs " ftl"e not spec l:tied , 
vl ewspecs tha t arc in et:fec~ when 
executed . 

Jones, s u"un 0. ry , lO O: wm) 

th e sys lOI1l uses 
the li nk I s 

the 

This lin k 8pec i~ies s t ateme nt nUNber "l OO " in a file 
named "summitry", c ontulned in 0. d J !"ectory n amed "J ones". 

Whe n the IJnk J s executed, sta temen t numbe r s w lll be 
visibl e , because of vJewspe c m. Also, al l l e vel s Rnd 
a ll Ilne s wi ll be vi s i b le, because 0:1 vlewspec w. 

Any other viewspecs in e:t ~ ect at the time th e lJnk is 
execut ed will a lso cont.rol the appearance 0 _' the tile. 

( myfl te,:n) 

2 

lc2c 

1 c2c 1 

lc2cla 

te2d 

l c2d L 

I d 

l d I 

Idla 

Idlb 

i d l e 

Id 2 
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This lInk snec l fies the til~ nomed Il my~itellt be l o n g ing 
to the current user . When the lin k Is executed, the 
~ lle will be posit ione d ~t s tat ement O. 

Sta tem ent numbers wI ll not be visi ble (vi ewspec n). 

Aoy other vi ewspecs In ef~ec t at the t i me the link is 
executed wlll a l so control the appea rance of the tiLe. 

( 200b ) 

T h is link spcc l rie s s ta tement 200b In the file that 

Id2a 

l d2b 

t d2e 

ldJ 

contains th e link. 1d3e 

Any vl ewspecB in e:f1'ect at the tl.e the link I s execu t ed 
w lll control tt'le appearance of t he "Jle . 

Further Notes on Link Syntax : 

I t t he directory n ame Is omitted , the defauLt i s the 
directory 01' the 1 11e in which t he lin k ex ists. 

This convention allows the use o~ link s that are in 
~ ll e8 c r eated In other di rec ~orie s , even when th e 
d irecto ry n ame h as been omit t ed in those linkS . 

It a l so a lloW's the user to omit 't he directo r y n allle frOM 

links between riles that belong t o a common di re c t o r y . 

I n:3b 

I e 

I e I 

lela 

l e l b 

Howeve r, there is one e x cep ti on to thi s de1: ault convention. le2 

(f the ~jleneme is a number ( d i g it s o nly), NLS ~lrst 
chec k s an NLS Jo ur naL d irectory t o f in d the cu rrent 
location o~ u Journal doc u men t wIth that numbe r. 

It n o such Jou rnal fi t e ex i s t s , th e system then takes 
the default dlrectory na~e as described above. 

J 

le2u 

le2b 
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Clerk: MOK ; 
O rl ~ln: (KUDLJCK)LtNKS.NLS;2, 5 -JAN-i3 10: 2 1 MDK ; 
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nts trouble 

OJrk-- r noticed another prob l em ~lth nLa this morning . It no 
lon~er n Llow s m(' to update or Output File lillY initial tILe. [n 
addition when i fIrAt trIed updatin g i t r go t a message say Jn g: 

Update unnecessary: no cbanges <ABN-NET}NJN.NLS ,; 1 8 . 

L know I mude chan~es in it ye~terday, and did not updat~ when I 
was throug h. However , 1 d id not ge t any Journal mait a~ter tbat. 

I 

,. 

So , added some Junk state~ents and then tried to u pdate and got! 2 

You cannot writ e on <UBN- NET)NJN . NLS;t9 . 2/l 

Note dj~1e rent version number . 2b 

Bob B ressler tried t o update his inltial t i le a~ter receiving and 

delet1ng his Journal mall , but go t the same ne g:a tlve results . 
What has happenpd? 3 

( tI'l ed to se n d this to you v i a SNDUSG IrOI1l SR I (i .e. user 1.0 
user on the same host ) and 1 got 

VANNOUHUYS -- can ' t . 

1 thrn tried to send trom BRN and 80t queued even thoug h your 
host was up . 
any messages. 

Tho1 means your 
See Sm okey; it 

sndMsg processor i s 
I R your sys~ e~ that 

not de livering 
1 s a t 'fault. 

SRr i s the only Tenex that still has the old v e r s i on 01' 
sndntsg . 

Go t your letter. Am @e~t Ln g myse l 'f toge ther to a ns~er Lt. 

--Nan cy 

I 

4 

5 

5. 

6 

7 
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Tree We ta - ABS1RACT 

Tree Yeta is ft compiLer-compiler s ystem ~or context-free 
lan g u&Ses developed at the Au t(alen1.a.tion Research Center 
(A RC ) o~ ~he Stan~ord Research Institu~e in Nenlo Park, 
California. The pa rsin g statements of the metalan a uase 
rese",bl e Backus-Naur Form wI th (:Imbedded tree-hul LdJ n li!; 

d irectives . Unparsjn~ rule s incLude extensJve 
tree-sc anoina and code- g eneration constru ctluns. All 
compilers produced by the system are single pass complIers 
that produce Laudable binary t iLes . 

This is a p reliminary draft oJ: a more compl.ete r eport due 
"to be completed shortLy. The finished Version wIll incLude 
a detailed exampl e o'f a co'.tllLer tor 0. small nL e cbralc 
lan ~uag e ; excerpts rram that example will be incorporated 
int o the ee mantic description~ o~ the lang uag e. The 
Program EnvjronMent section wIll be cleaner and b ope£ulty 
more easy to understand. There will be a description or 
the u se o~ Tree Me ta to bootstrap itsel~ ~rom on e .ach ine 
to another . 

The p r esent report, white ess~ntlally new, mukes use ot 
some sections from a report on a mo re primitive s ystem 
which appeu.red in (ENGLEBART L) i n 1 968 . Tree Metu is a 
const a ntl y e volvin~ progra~ m ing system ; thu s some o~ the 
more r ecent additJons may not yet be incorporated into thi s 
text. ThJR docum e nt describes Tree Meta as ot 1 March 
1 97 1. 

Because this 
permission . 
apprec i ated . 
A.RC . 

is ft d r aft, p leaRe don't quote It without 
COdments, questi o ns a nd suggestions will be 

They should be addrf"ssed to Harvey LehtDlan at 

I b l 

Ib2 

' b3 

1b4 

I e 
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Abstract 

Contents 

rntro d uction 

S ome detlnitlons-- Tree Me~a as ft metacnMpiler 

Overview 

Tutorial introduction to or~an lz~tinn and syntax-- rough 
capabilities, basic ~eaturea 

Formal Description 

Dpta.ited exa .. ple-- Not In preliminary dratt 

Bas ic sy ntax and semantic descriptions 

Tree Meta Syn tax Table 

P r ogram Environ.ent 

Prog rams calLed as subroutines by Tree Veta, ll~e on the 
PDP-tO 

Bootstrapping with Tree Ue ta-- Not In preliminary draft 

Source Code Lis tlnMS 

Tree Meta in Tree Meta 

Tree Meta library 

LIO-- a compiler for ARC's .achine oriented lan g uage "for 
the poP-tO 

Conclus ions and Future Plans-- Noi in preliminary dra~t 

l1iblio ~ rll.phy 

o 

I e I 

lc2 

1e 3 

lc3b 

le4 

le4u 

le5 

l e5n. 

leSh 

le6 

le7 

le7o. 

108 

le 9 

le9a 

le9b 

lege 

l e l O 

1 el l 

I d 
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Tree Meta - INTRODUCTlON 

TerMS such as "metalang uag e" and Ilmet~compilerll have a 
Variety o~ meftnjn g~. Their USe within this report, 
h o wever, Is well defIned. 

14045 

"Lan @ua g e," without the prefix "meto,l' means 
computer lan j!{uo. (il: e such os ALGOL or FOPTRA.N . 
metalan~auge is also a lan gua~ e. 

any 
Any 

:formal 

A co.piler is a computer prOgraM that reads a 
~ormal-languag e prog ram as input and translates that 
prog ram in~o instructions that may be executed by a 
co~puter. The term "compilerl' also means a listing of 
the Ins tructions o~ the compiler. 

A l a n g uage that can be used to d escribe other lang ua g es 
Is a metalan g uag e. En J( tish 18 an Int'orlflal, a:eneral 
me talanKuaMe that can describe any t'ormal lang ua g e. 
Backus-Naur ForN or BNF (NAUR1) is a tor~al metalan g uag e 
used to define ALGOL. BNF is weak, ~or it des cribeR 
onLy ~he syntax or ALGOL, and says nothing about the 
semantics or meaning . EnglIsh, on the other hand, is 
power~ul. lts informall ty, however, prohibits Its easy 
~ rans Lat ion I n1:o compu te r p 'rog ro.ms . 

A me 1:a.compiter, in the 1II09t g eneral sense 01 the term, 
Is a progra. that reads a metaLana uag e prog ram a s input 
and transta1:os that program lnto a set of in s tructions. 
If the input pro g ram Is a co.plo~e description of a 
formal lan g uag e, the result of the tro.nsla~ion is a 

compil e r ~or the laogua"e. 

Tree Meta Is bull~ to deal wIth a specific set ot lan a uages 
and an even more specIfic set o~ users. There is no 
attempt to design univers al lan guag es, or machlne 
independent lanaua g es, or ~o acbleve any of the other g oal s 

ldl 

1dla 

l d lb 

ldlc 

ldld 

of many compi"le-r-compller s yste tlls . 1d2 

Tree Me~a Is intended to parse context-tree lan ~ua ges with 
LimIted backup. There Is no Jntent or desire on the p art 
of the use r s to deal with s uch prohlems a s th e FORTRAN 
"continue" s tatement, the PL/[ "enoug h ends to match,ll or 
the ALGOL "Is it p rocedure or .1.s it a variable" questIon . 
Tree Me~a is only onc part of the Byste ,!,-bulldl n s techn ique 
use d a1 ARC . The ARC system Is Ilexible at all l e vel s and 
the des i g n phL Loso phy has been to take the e asy way out 
rather than ti ~ ht old proble.s . l d3 

The metaco mp llerB are expressible in their own lan g ua ge , 

I 
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he nce the p r ef ix Ilmeta". Tree Ne t a _a k es use 01 a comMon 
t op dow n p arsin g algo rithm which i s desc rib ed be low. 

The followin g forma l d iscusslon of top-down pa rsing 
a l ~orlthms relies heavIly o n de~ lnltloos a n d formalisms 
that are s t a nda rd 1n t he ~it erature . Fo r a lan~uage L , 
with vocabulary V, nont e r .inal vocabulary N, p ro duc tions 
P , a n d start sywbol S , the top - down parse 01 a s trIn g u 
In L s t ar ts wIth S a nd looks ~or a sequence of 
p roductions such tha t S=)u ( 8 p r oduce s u). 

Le t 

N:[E , T , F ] 

p = 

[E :: =T / T +F, 

T ::=P / F*T, 

F ':=X /C E )) 

The fo l towlng int e ntIon a lly incomplete ALGOL 
p rocedures wIll p ertor. a top - down a nalySis ot 
s -trJn a s i n L. 

boo t ea n p r oced ure E; 

E • _ 11: T t hen ( 

I d' 

I d4a 

1<14al 

I d4ld a 

Id4a.lb 

I d 4a 1 c 

ld4a.lcl 

Id4alc2 

1d4alc3 

I d 4a1.d 

I d4a2 

1 d 4u.2a 

1 ct-la2a. 1 

11' isa YlJlbol( 1+1) -then F else true ) else 1ct4a2u.lo. 

false; Id4a2aJb 

com ment l ssYJllbo L (ar,g ) 1s II. Boolea n procedu re 
that compares th e next By_bol In th e in p ut 
st rlna wl th lts ar a ument , a r g . 
thp input streaM Is adv anced; 

boo te an proced ur e T; 

T : = l l' F th en ( 

2 

l :r they match, 
Id4a2a2 

I d4a2b 

Id4a'2b 1 
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I f issymbol( ' . ') then T e l se true) ld4a2bla 

else 'fa l se; l d4a2blb 

booLea n p rocedure F; l d4a2c 

P := 1 "f issymbol( 'X') then Id4a2c t 

true ld4a2cla 

e l se I ~ lssymb o l( 1 (') then ( l d4u.2c l b 

If E then( l d4o.2c lb t 

it l ssymbo l( , ) t) t hen Id4a2clbla 

true Id4a.2clblal 

else "false) ld4a2clbla 2 

e lse talse ) Ict4a2c l blb 

e lac -:fa Lee; Id4a2c lb2 

The lel~-recurslon p roble m In top- down , goa t-ori ented 
reco~n i zers can re ad ily be seen by a s L ight 
modificat i on of L. Change the ~j rst produc tion to " E 
::= T / E +- Til and the p r ocedure for E in th e 

co rreBpondln~ Nanner t o " E : = It T th en true else 
If •••• ' · l d4a3 

Pars in g the s trIng I1 X+X", th~ procedur e E wIll 
cal l T , wh ich calls P , whIch tests fo r "XI' and 
~Jyes the result "true . " E i s t h e n true but only 
the ~Irst element of the st rin g J 9 In the 
a.na lys is, and t he pa rs e S t.OI)8 bej'o r e completion .. 
rt the input s tr ing i s not a ~embe r o~ the 
languaRe, T I s talse and g l oops in ~ ini tely . This 
Is because of the ImplicIt goa l orJentalon of the 
to p- down pa r s in g s che~es.. When E becomes a new 
Rub-goa l, the tlrRt Rtep Is to c r eate agai n a new 
Aub-goa l E o in othe r words , E ca Ll s JtseLf 
recursIvely. Id4a3a 

The solutlon t o tho problem used in Tree Meta is 
the a rhJ trary numbe r operator.. In Tree Irleta the 
fi r st p r oduct ion could be similar to th e rule E 
!:= T$( "+11 T ) where "the do lla.r s l ~n a.nd the 

3 



) 

) 

) 

&SR [-ARC 23-JAN-73 14:00 
Tree Ne~" - INTRODUCTION 

parenth~ses indlca~e that the quentl~y co.n be 
repeated any nu.ber o~ tlme9 including O. 

14045 

Tree Metu makes no chock ~o insure tha~ the 
compiler it is producing ~ack9 syntax rules 
containing le~t recursion. IncLudin@ In8~ances of 
le~~ recursion I s one of the more common mJstakeR 
.ade by inexperienced DletalanlCuaae programmers. 

The Input lana ualle ~o the metacompiler closely resembles 
8NF . The priMary di~terence between a BNF rule 

(go to> -> g o to (label> 
and e metalanguaso rute 

""o to.= IIGO" "TO" .ID' 
Is that the metalanguage has been designed to use a 
computer-oriented character se~ and si.p ly delimited 
basic entitles. 

The arbi t rary-number opera tors and paren theses 
construction 0-1 the lIIetalanKUo.l!:e are lacking in BNF. 
For eXW'Dple: 

TERM -= FACTOR $«"*" I "I" / "t") 
FACTOR )i 

Is a metalanMua~e rule that would replace the 2 HNF 
rules: 

(term> : := (factorl> 
(factorl> ::= (~actor> I 

(Lac~or> • (tactor1> / 
(factor> til" (factor1> / 
(~&ctor> t <~actorJ> 

(Note that In the second rule we have enclosed the slash 
(I) in quoto9 10 avoid con~uslon wlth the BNF 
alternetJve choice mctI:l.9ymbol..) 

The ahility of the compllers to be expressed in thpir 
own lan g uage has resu~ted in the proliferation 01 
~e~acompller ayate_a. Each one is easily bootstrapped 
from a more primitive version, and cOl1lplex CaMpi lers a.re 
bul lt with Ij1tle prog ral1lmln g or debugaing effort. 

A hJs tory oL compiler-compiler system~ may be tound in the 
article on Tran s ll:l.tor Wrltln~ Systems by Feldman and Gries 

td4a3h 

ld4a3c 

ld4b 

l d4c 

Id4d 

(F ELDMAN l) . Tree Me~a owe s l1lucb to ea rlier systel'lts. ldS 

A hrlel history ot the lineage ot Tree Meta wjlL be 
included here In the completed report . 

4 

IdSa 

I e 
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Con1·ained here 1s a tutorial introduction to the syntax and 
operatJon o~ meta prograMS and Tree Meta In particular . 
Onty the eBsentla~ features appear in the examples in order 
1.0 make "tho basic "f:unctionlnJ/: clear. lei 

A metapro~ram Ls a set o"f: metalan~uage rules. Each rule 
has the form oJ: a ltIodi.tied aMP rule with compilin g 
dlr~ctLves embedded in the synt~ctLc description. 

The Tree Meta compLler converts each of the rules to a 
se~ of Instructions ~or the computer which function like 

1e2 

a recursjve subr outine . le2a 

As the rules (actina as Instructions) compile a prog ram, 
"they read an Input streaM 01 characters one character at 
a time. Each new character Is subjected to a series 0"1: 
tes1s until an appropriate syntactic description is 
found "f:or that character . The next character is then 
read, and the rule testing ~oves "f:orward throug h the 
Input. 

The followin~ ~our rules Illustrate the basic constructions 
in the system. They wIll be re .terred to later by the 
re1erence numbers RIA throug h R4A. 

RtA exp = term S( fI+" exp I exp ) ; 

R2A term = ~actor $(11*" -tactor I "I" ractor)' 

R.JA -factor': "_It tac tor I prim; 

R4A prI." = • J D / • NUM / II ( II exp ")"; 

The identl-tler to the teft 01 ~he lnltial equal si g n 
names the ru Le. 
Irom other rules. 

This name i8 used to r efer to the 
The name ot rule R1A Is t1expll. 

rule 

The rluht part of the ru1e-- everything be~ween the 
InItial. equal sign and the traILIn g seldcolon-- Is the 
par~ o t the ru~e which effects the scannin a ot the 
lnpu-t. Severa-l baslc types of entItles may occur In a 
rl ~h.'t part .. Each of the entlties represente Home sort 
ofa test which results in success or 1'o.ILure. 

A s lrJ n g o~ characters between quotation ",arks (II) 

represents a literal strlna . These Literal strin g s 
are tested a g ainst the input stream as cha.racters are 
read . 

5 

le2b 

le3 

le3a 

le3h 

te3c 

Je3d 

le 3 e 

le3 t 

le31') 



) 

) 

) 

6SIl J-ARC 2J-JAN-73 t4:00 
Tree Meta - OVERV IEW 

Rul e na~es may also occur In a ri g ht part. S uch 
o ccurcncc means that the named ruLe is 1nvoked. 
de.tines a "factorll as beIng either a mInus si a n 
followed by a I'factor" o r JtlSt a "prim ll • 

1.4045 

an 

>3 ' 

T he l"i gh1. part ot the rule ""factor" has Just been 
de~lncd as "a Btrin~ ot elements ,11 Ilnr" I' another 
s trln &: of cLe.ents." The "or' s " are indIcated by 

s las h marks C/) a nd each in d ividuaL s tring is called 
an a lternative. Thus , In the above exampLe, the 
m inus si g n iJ.nd the rule name "factor" are two 
elements in R3 A. These t.o eLe~ents Make up an 
alternative of the rule. The rule haa two 
uLterna tives , and the s ec on d one Is Simply a "pri R". 

The dol l a r s I g n is the a rbitrary number operator in 
the ~e talan &uage. A d ollar si g n must be followed by 
a s in g l e element , and It indl.cat es that this e l e ment 
may occur an arbitrary numbe r ot tI mes (including 
zero ). Pa r e ntheses .. ay be used to a roup a set of 
elements into a sing le element a s in RtA and R2A . 

A s ing le e l eMent encLosed In square brac:ke1:s , n[n 
a n d n ] ", i s optional and I S not n e ceSSAry to the 
syn tax. The element may be a g: rouved set . 

The number si g n, "Itn. Is used be-tore an elem e nt 
which may occur any number of times equal to or 

1e3r2 

le3f:3 

1.e3f4 

1e3.148,. 

g reater than one. le3r4 b 

I~ the "S" or I'#n is Lollo.ed by a construc1:ion 
e nctosed by an g le brackets, "(" and ">", :tollowed 
b y a sl n ~le Item, a serIes of tho s e items 
(includIng a zero len g th series f or I' S II) separated 
b y the enclosed co nstruction may occur. For 
example , the rule 

term = .factor $ ( " .. " ..factor >. 
i s eq uivalent to 

term = fI.(".1I>:factor; • 

S o .. e basic entItl es may be seen In ru~e R4A. They 
arc the basic recogn izers o:f th e .etacompiter system. 
A basic recog nizer is a prog ram In the T r ee Meta 
~lbra ry described 1n the Prog ram Bnvlronment section 
below th a t nay be called 10 test the input stream for 
an occu rrence of a pa rticul ar e ntity. In Tree Nota 
three basic recog ni zers are "i dentl fi e r" as .J D, 
"numbe r" as .NUN, and II st .. ln g ll as . SR . 

6 

le 3 r4c 

te3r5 
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An 1dentlfJer Is Ii. 8trin~ or lower case letters 
and rllgl~s that bOKins w1th 8. lower case letter. 
[t may be any length. 1e3:r58. 

A . 5R is a strln" o~ characters that docs not 
eonta! n a quote (II) and i.s bounded by quotes . 
string .ay contain carriag e returns, tabs etc. 
may be any lens th also . 

The 
It 

A .NUM' is 
at end to 
base 10, 

a string o~ digits, with an optional "s" 
indicate the base R, a "D" to indicate 
or an "M" to intlicate that tho number is 

ft maSk . Numbe~s without a hase charcte r are taken 
to tho base 10. 1.1' the base iR in d i ca t ed, a 
nu.ber ~ay .1'ollow as a Beale factor . For example 
51D3 1s 5 1000; the octal number 77000a may also be 
spec i~ied as 77B3. 

**1 ~ the base character is an "Illt 'the numbe r to the 
le:tt indicates the number ot bits to be turned on 
1n the Mask; the optional number to the ri g ht is 
an octal scale .1'actor . It the scale .1'actor is 
absent th~ mask is ri g ht Justi~ied. Thus IBM is 
an 18 bit mask on the right hal~ of a 36 - bit 
poP-tO word; 18K6 is an 18 bl~ ~ask on the ~eXt 
ha tt word. 

In addi~ion to the three basic recogn izers .fD, 
. HUM, and . SR. others are occasJonally v ery 
useful . 

The symbol . UfO indicates an iden'tifier 
co~posed e ntire ly of upper case letterR. 

Tbe symbol . SRI indicates a Single character 
string as a si n g le character preceded by a 
s in jlle quote (' ). 

The By_boL . CHR Indicates ~ny cha r acter. In 
the parse rules, .CRR causes the next character 
on the input st re am to be taken as input 
regardless o~ what Jt is. The cha r acter Js 
s tored in a special way, and hence references 
to it are not exactly tho same as for th e other 
basic recog nizers. In node testing . it one 
wishes to check fo r the occurrence of a 
part i cular cbaracter that was recog nized by a 

7 

l e31Sb 

t e3tSc 

1 e3'f5rl 

leJ1'5e 

1031'5el 

le315e2 



) 

) 

) 

&SRf-A RC 23-JAN-73 14:00 
~ree Neta - OVERVIEW 

. CHR, Doe uses th e single quote-charact er 
construction. 

14045 

Suppose that the jnpu~ stream contaIns the strlns x+y when 
the rute "exp" i s invoked du rin a ~ compila~ion. 

" exp " 1i r st calls rule "ter~", which cal ls "-rac~or", 
which tests tor a ai nu9 s l ~ n. This test £al19. Then, 
as an a lt ernatlv e , "factor" calls " prim" which tests for 
an Identifier. The ch~ racte r x i s an identi~ier; it is 
recognized a n d the In pu t stream advances one character . 

"prim" returns a value ot "true" to " £acto r", which in 
turn returns to "term".. "ter.lll" tests for an aste rlsk 
and tails. [t then tests 'for a slaSh and ~u. il s. The 
dollar sign In fron t of the parenthesized ~roup in 
liter",", however , mea n s that the rule has succeeded 
hecause "t e rm" has found a " :factor" tollowed by ze r o 
occur r ences 0-1 li as te rIsk 'factor III or " slash I .tac'tor III. 
Thus "term" 
tests :tor a 

re'turns u. "true" value 
plus sig n and t lnds it. 

~o Ite~p". 'Iexp'l now 
The Input stream 

advances another character . 

" exp " 'then calls on Itsel:t. All necessary in:tormu.'tion ,. saved ror retu .. n to the ri g ht place . In ca lling 00 

l-t sel.! , 1< goes through the sequence Just descr) hed 
until it recognizes the y. 

1 :t the plus in the input were replaced by a I1IlouS, 
"explt, at1:er rec ognizing 'the identl fier .Jr, wou l d start 
on 'he fi r st alternative In the pa renthesi zed aroup and 
wouid fai l upon check lD~ 10,1'" a plus Bign. rt would 
start on 'the second alternative in a sim ilar manner and 
succeed . If 'the ln put st r eam co nt ained only the 
identifier x, "exp" would still succeed because the 
elements following the " term " are enclosed in square 
brackets and thus are opt ional . 

ThlnkinA o:t the rules i n this way Is confuging and 
tedious. It Is best to think o:t each rute sepa r ateLy . 
For example: one should think of R2A as de.tlnina a 
"ter .. " to he a series of " factor"s separa.1:ed by 

asterisks and stashes and no1: a'ttempt to 'think ot ai l 
the possible things a " factor" could be. 

Tree Meta g eneral ly builds a parse tree o~ the input stream 
be~ore producing any output. Be~ore we describe the 
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syn~ax o~ node genera~lon, Le~ u s tir~t discuss parse 
trees. JaS 

A p~r8e tree is a structural description o~ ~he in p ut 
streum In t e rms ot the g iven gra~aar. 

Us ing the ~our rules above, the input strea. 
X+Y*Z 

might genera~e ~he tollowinG 
~ormed by maklna a node each 

EXP 

-----------
I I 

T ERW I EXP 

I>llrse tree (this tree is 
tJme u. ruLe is caLled) 

I I -----------
I I I I I 

FACTOR I TER .... I FACTOR 
I I I I I 

PRUI I FACTOR I PRIM 
I I I , I 
t t PRIM , I 
I I I I I 
X + Y • Z 

In thi s tree each node is e ither the na~e or a rule 
o r n ne of the p rimary entl~les reco a ni:z. nd by the 
basic rec o8nizer routines. 

[n this tree there is much substructure. For 
examp~e, y Is tl Ilprimil which is a Ilfactor ll , whictl is 
the lett ~ember of a II~ erm'l . ThIs de a r ee ot 
s ubs tructure Is generally unnecossary and of~ en 

t eS a 

leSa t 

le 5 a2 

undes 1 rab Ie. .I e 5 a:J 

A tree produced by a metac omp l1er pro~ ram is g enerally 
sImp ler than the one above, y e t It contains sul~lcjent 
inror.atlon to comple~e th e c omp iLation. 

The pu. r se tree produced by th e ~otln.ing exampl e 
( R t B-R4B ) Is 

I 
I , 
I 

AD D 

, , 
MULT 

9 
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t 

t 
t 
X 

t t 
t t 
y z 

in thls tree the names o~ the nodes 
names o~ the syntactic de~JnJtjons, 
na~es of rules that .jll be used to 
1rom the tree . 

are not the rule 
but rather the 
g enerate th e code 

The rules that produce the ubove tree are the same as 
the lour prevlousru'Les wlth new syntax additIons to 
per~orm the appropriate node ~e neratlon. The 

le5bl 

le 5 b2 

cOmplete rules are: te5b3 

Rl B exp -= te~ $ ( "+" : add[ 2] / "_II exp : sub[ 2] ) 

R2B ter. = factor $("." factur :mult[ 2] / "/" 
factor :divd[2] ); 

R3E factor = 11_" ractor :minus[l] / prim; 

R4B prim = .ID I .NUM I "(" exp 11)1'; 

As these rules scan an input stream, they perrorm Just 
like the first 8et. As the entitles are recog nized, 
however, they are stored on a push-down stack until the 
node-generation elements remove theN to make trees . Ye 
will step throu~h these rules with the same sample Lnput 
stream: 

EXP calls TERM , which calls FACTOR, which calls PRIM, 
whi c h recognizes the X. The input stream mov~B 
~orward and the X Is pu~ on a stack. 

PRIM returns to FACTOR, which returns to TERM, which 
returns to EXP. The plus sign Is recognized und EXP 
is asain called. ~ga in EXP catls TERM, which calls 
F~CTOR, which ca.lls PRIN, which recog nizes the Y. 
The inpu~ Btream Is advanced, and Y ia put on the 
push-down stack. The atack no. contains Y and X, and 
the next character on the input strea~ Is the 
asterisk. 

PRI M returns to FACTOR, which re~urns to TBRY. The 
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asterJsk is recognized and the Input Is advanced 
another character . The asterisk is thrown b-way sInce 
only basic entities a r e put on the stack. 

The rule TERM now calls FACTOR, which calls PRIN, 
whIch r ecognJze s the Z, advances the Input stream, 
and puts the Z on th~ pust~down stack . 

The :NULT is noy processed . 
nod e to be put in the tree . 

The MULT names the next 
Later we will see that 

1 n a complete !!Ietncom"i leI' program there wi l l be a 
rule named MULT wh i ch wll~ be process~d when the tJme 
co~es to produce code trom the tree . Next, the (2] 
is processed. This tell s the system to construct a 
portJon o~ a tree . The branch is to havp. two nodes , 
and they are to be the last two entIties recoa nized 
(they a r e on the stack). The name of the b ranch Is 
to be WULT, since tha t was the last name ~ iven. The 
branch is constructed and the 1:op two i tems o~ the 
stack are replaced by a re~erencr to the new node of 
the -tree, which we wIll Ind i cate by (WULT). 

The stack now contaIns 

( MUL T) 

x 

The parse tree Is now 
MULT 

, , 

l.e 5 c3 

le 5 c4 

J e 5c5 

1 e5cSu 

leScSal 

le5c5 a 2 

y Z. le5c5b 

Not ice that the nodes are assembled le~ t-to-ri ght, 

a nd thai the orI g inal order ot recogniti on is 
retained. 

Ru l e TERM now returns to EXP wh.lch nallle s the next 
node by execu ting the :ADD-- i.e . , n ames the nex t 
node .to r tbe tree. The (2] 1 s now executed. A 
branch ot the tree is ge nerated containing the top 
two items o~ the stack and whose naMe Is ADD . The 
top two Items o~ the 9~ack o re replaced by a 
re~erence to the AD D node which Js the top o~ the 
tree. The tree is now comp lete, as £irst shown, and 
all the in pu t has been passed over. All that remains 

\I 

l e5c5c 
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is to Invoke the unparse rULes to scan the tree and 
produce outllut. 

The U"parse rules have two ~unctJons: they test the tree in 
much the saMe way as the parsing rules test the input 
stream and they proctuce output . This testing of the tree 
allows the output to be based on the deep structure of ~he 
input, and hence more e~~ic1ent code may be produced . 

Be~o re we discuss the node-testIng ~eatures, let U 9 

·tlrst descrJbe the various types ot output that may be 
produced .. The rol l o..,Jng lIst ot outpu t - ge neratJon 
features ~n the metaco Np ilcr system is enough ~o 

understand most examples .. 

The ou~put is instruction oriented . An instruction is 
~ormed by writing any number o~ entities or values 
needed to ~ake up that ins1:ruction and then closing 
the Instruction. A COMma Is usually wrl~ten to cloBe 
an lnstruetJon. 

Co~puter operation codes ~or the output are aene ral~y 
predefined as all-upper-case Jdenti~le r s. Symbols 
used in the output are wrItten as lower case 
identifiers; nodes on tbe tree may be referenced and 
put out. 

As we sha ll see, one may declare certain quantities 
to be opcodes or set values. Additionally one may 
decla re in the initJalization header various 
identitl.ers to repres ent ~ields in the output Words. 
These 1icld idQnri~iers serve as quulifi ers on othe r 
variables whlch are to be put into output wordR and 
Indicate that the value of the variahle l ~ to go into 
the pos itIon specl~ied by the ~ield .. [n the output 
words ope odes are ORd, fields are replaced and 
ordinary values added into place. 

As ca n be seen In the last example of a tree, a node 
of the tree may be ei ther the name of: an un parse 
rule, s uch as ADD, or one o~ the basic entl tics 
recognized durIng the pu,rse, such as the Jrtentl.ller 
x. 

Suppose that 1:he expression X+Y*Z has hpen pa rsed 
and the proKram is in the ADD unparse rule 
process in g the ADD node (later wp _Ill see how 
this s tate 1s reached). To put the identifier X 
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into the output stre lUlI, one wri'tea 1I*1 1t ( .eanJng 
"tho first node below ll ) us an element. For 
example~ to ~ener~te a n instruction wIth the 
operation code ADO and the operand field X, one 
would wrIte: 

ADD * 1, 

11' the node re1'erenced (e.g. t *1 or *2) Is not a 
ter.inat node, a9 tor example the right side 
(indicated by *2) o~ the ADD node, then the 
unparS8 rule nam ed In the no de below is invoked. 
tn this case the MULT unpurse rul e would be 
invoked, and would eventually return. The ADD 
ru l e would continue immedIately a~ter the "*2." 

Generated labels are handled autoaaticatly. As each 
unparse rule is entered, a new Bet of labels is 
g enerated. A label Is referred to by a number si g n 
:followed by a nllnlber (SeS. #12 ). Every time a label 
is mentJoned durin g "the execution ot an unparse rule, 
the value of the label is added to the Ln ~~ructlon 

being formed. It another rule is lnvoked in the 
middle o~ a rute, all thu labels are SAved and new 
ones g enerated (lee., ~ener~ted 
particular rule)e When u. return 
previous ~abels are restored. 

labels ft..re local 
is !hade, the 

to a 

As trees a re be.lng built durin g the parse phase, a time 
co mes when It is necessary to g enerate code trom the tree . 
To do this one wr ites an asterIsk as an e l ement o~ a parse 
rule--tor exaMple, 

R5B protol:ram': "PROGRAMII $ (9t *) "ENOIl; 
which genera~es code ~or each statement atter it has been 
entirely p a rsed. When the a8terisk is execu~ed, contro~ o~ 
the pro g ram Is trans~erred ~o the unparse rule whose name 
Is 'the ro o t (top node or last g cnerated node) 01 the tree. 
When return is :f'inally made to the rule which initiated the 
out p ut, the entire tree I s cleared and the generation 
process beg ins anew. 

An unparse rule Is 0. rule name fotlowed by a series ot 
output rules e Each output ru~e be g ins wJth one or mo r e 
Tes ts o~ nodes. The serIes of output rutes make up a 
set: oL bl g hest levet alternatlves e When an unparse rule 
is called, the tests tor the first outpu~ rule Is Made . 
11 it is satie:f'ied, the remainder ot the alternative Is 
executed; it Jt is talse, the next alternative output 
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**one 

rule test is made. This process continues untIL either 
a 9uccess.tul 
been tried. 
ex(~cuted and 
rule. Lf no 
made. 

teat Is made or all the alternatives have 
11 a tes~ Is 8uccess1ul, the alternative Ls 
a "return true" is made :l!.ro1!l the unparse 
tes~ is success:tul, a "return [blse n Is 

The sImplest test chec~8 that the cOTrect number ot 
nodes emnnate ~roN the node beLng p rocessed. The ADD 
rule may begin 

add (-,-] => 
Tile strIng within the brackets 1s known as un out-test. 
fndlvJdual Ltems O~ the out-~est are separatod by 
COmmas. The hyphens are individual Items at the 
out-test. Bach Ltem teste a node. All that the hyphen 
requires is that a node be present. There are, 01 
course, more co~plicated node testlng eLeMents. 
DeAcriptions at some ~ollow: 

The nodes emanatIng -trom the node being evaluated are 
referred to as *1, *2, etc., counting from left to 
ri ght . To test ~or equality between nodes, one 
~erely wrItes *1 tor some i as the desired ite. in an 
out-test. For exaalpte, to see I -t node 2 Is the same 
ftS node 1, one could write either [-,*1] or (*2,-]. 
To see If the thIrd node is the same as the ~lr8tt 

could write [-,-,*t]. 
succeeds it (-,-] 

Note that (*1,-] always 
succeeds and thus the *1 1n this 

situatIon is redundant. 

One may test to see it a node is an eLeMent that was 
a enerated by a basic reco g nizer by mentionIng the 
name ot the reco gn izer. Thus to see i1 the no de is 
an identJ~ier one _rites .ID. To test whether the 
first node emanatIng tro~ the ~DD Is an identifier 
and l~ the second node exists, one writes (.fO,-]. 

An .ID is rp.pre sen ted as a II tarat 
To check tor a Literal string on a 

strIng on a node. 
node one may write 

a Btrlng as an Ite~ in an out-test. The construction 
(_,"x"] tests to be Bure that there are two nodes and 
that the second node is the identi~ier x. The second 
node wIll have been recognized hy the .ID baste 
recognize r during the parse phase. 

One checks tor a number in the node Simply by writIng 
that numb e r as an element 01 the out-test. For 
exampLe [23] wilt ensu re that there is one node and 

,. 
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that 
heen 

it co ntains the number 
reco~n ized by the • NUM 

23-JAN-73 14!OO 14045 

23. The number may have 
reeogn! J!;er. 

To see !f a node ls a generated label one may write a 
number sign followed by a number or Identifier. If 
~he node is not a generated label the test tails. I~ 

I t Is a g enerated label the test is succ8ss"ul and 
"the label i s assoclo.ted with the number or IdentIfier 
followin g the nUMber s i ~ n. To re~er to the label in 
"the unparse rule . on~ writes "the number sl a n tollowed 
by the number or identifier. One may also write the 
symb ol "LABL" to make the test without bel o s able to 
refer ~o the label In the rule. 

One may test to see if the node has a spec ifJed name 
and form. Suppose that one had g enerated a node 
named STORE . The left node e .anating ~rom It Is the 
name at a Variable and on the ri g ht is the tree for 
an expression. An unparee rule May bealn as tallows: 

store[- ,addC*l ,l ]] => AOS *1,; 
The *t as an i~em of the ADD refers to the lett node 
of the STORE . 

Only a tree such as 
STORE 

I I 
I ADD 
I -----
I I I 
X X 1 

would satJs1y the te s~; the two identi~Lers ~ust 
be the sa~e or the test "fa L Ls.. An eXp,rossion such 
as X _ X + 1 meets all the requirements. The code 
g enerated (~or the PDP- to) would be the single 
instruction AOS X, which increments th e cell X by 

le7b4 

I e7bS 

1 e?b6 

le7b6/,1. 

one. le?b6 b 

11 o ne wishes to eli ~ inate the test at tbo head of 
~he out-rule, one may ollll t -the out-test. A rule which 
has no out-test ",ay have only one output rule. The 
rule 

.t => T.RUE; 
is frequently used in place uf an op~lonal It em whlch 
Is absent. It may be tested Ln other unparse rules 
but it always does nothing Itsell and returns. 
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Output rules may also deliver values to the ir caller 
11 the "=)11 is 'replaced by a U:=II. The .finAL value 
Ln the ou tput expression Is assigned to ~he value 0.1 
the LdentifJer .. 

Eacb output expression ( genexp l. or hi ghes t-l e vel 
aLte rnatJve, in an unparse rule is made up o~ 
alternatives . These alternatives Are separated by 

slashes. as were the alternatJvos in the parse rules .. 

The alternatJves 01 the output expression are ~ade up 

of output tests (otests) and output g eneratIon and 
control elements (geonlts). If an alternatIve 
contains a test, the test is made. I f Jt fails and 
tho test was the ~irst e lemen t In the alterna tjve, 
the n ext o.lternut ive in the output rule is tried. [r 
the t est Is BucceBs~ul, control proceeds to the next 
ele~ent of the alternative . Whe n the aLternative Is 
done, a return .is made trom the unpo.rse rule. [f tbe 
al~crnatJve8 are Qxhauated because a non-op tJonal 
~est faited in the ~irst position o~ every 
alternative of the Me nexp or if a non-optJonal ~est 

no~ In tho first position o£ an alternutjve fails, 
th e wbo l e unparse rule lal1s and a compller prror 1s 
indicated. 

The o~est In a ge nexp r esemb les the node ~ests to r 
the output rule and the syntax tests. There are 
several types o~ o~est. 

Any non-termlnat node in the tree may be invoked 
by referring to its posltlon jn the tree rather 
than 1 t.8 name. For exa,.p le, *2 would invoke the 
second node ~rom the le~t. Du ring operation of 
that rule, all tree references ure relutive to 
that node . If the rule returns "true ll the g enexp 
p roc eeds to the next element. r~ it r e turns 
'Ifalse l ' and this Is the first ele,.ent ot the 
Meoexp the next alternative 01 the gen exp is 
tried. 

Anothe r type of test 1s made by Lnvoklng another 
unpnrso rute by name. To call another unparse 
rule :trOll! an g enexp one writes the name 0" that 
rule tollo.ed by an argument lLst enclosed in 
b rackets . This is, 01 course, similar to the node 
cons truction element In a parse rule. The 
a r g ument lLst is a li s t 01 nodes In th e tree. 
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(Arguments in this conte~t may also be indications 
tha1: neW' nodes are to be created.) These nodes 

are used to buIld a portIon oL a tree, and when 
the call is made the rule beIng called sees the 
ar g ument list as 1 ts set ot nodes to analyze.. Le"1c2b 

For eXlI.mp le: 

add[ mi nus[ - ],-] =) sub[ *2 ,* I: 1]; 
Rere node ADD Is being evaluated; the le~tmost 

sub-node, *1, 19 tested tor a MlNUS node with 
exactly one sub-node emanating trom it; a 
second node must also be present. MINUS is the 
name o~ another unparse rule which is tested 
-for presence but is not inVOked. le7c2bl 

Special types o£ arguments may be specirled in 
the ar~ument lIst. Nodes are written as *1, 
*2, etc. To reach other nodes o~ the tree one 
may write such things as *1:2, which means lIthe 
second node emanating -traM the -first uode 
emanating from the node being evaluated." 
Re£erriog to the tree 10r the expression ~+Y*Z, 
if ADD Is being evaluated, *2:1 is Y . Ie7c2b2 

[~ a generated labeL Is written as an argument, 
it 1s generated at that ti~e and passed to the 
cat~ed unparse rule so that that ruLe may use 
it or pass it on to other rules. The g enerated 
label is written Just as It is in an output 
eteMent-- a number sI g n ~ollowed by a number or 
ldenti-tier. le7c2b3 

Number values can be passed as a node by 
writin~ an equals si g n-number, ~or example =7. le7c2b4 

One may n~so test for attributes on nodes, ~tags. 

skIp returns -trom calls on library routines, and 
various other retat10no.l checks descrlbed below. 

The calls on other unparse rules may occur anywhere 
In an genexp. This use 01 extra rules helps to m~ke 
the ou-tput rules 1IIore concise beca.use the Invocation 
o~ a. n unparse rule g enerally causes output. 

The rest o~ an genexp is made up o~ output elements 
to produce instructions aDd con trots to control 
execution, as discussed he~ore. 
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Gene.xps lI1ay be nested, using parentheses, In the same 
wny as the 81~ernatlves at -the parse rules. 

There are a ~e. features ot Tree Yeta that are not 
essential bu t do make programming easIer tor the user: 

As the pa r se rules proceed through the input stream they 
may come to tho middle o~ a parse alternative and ~alt. 
Failure may occur ~or two reasons: backup Is n eces sary 
to parse the input, or there Js a syntax error in the 
inp\lt. Backup wilt not be cove r ed in this introductory 
Chapter. [f a syntax error occurs the system p rJnt s out 
a portion of the input stream up to ihe character whIch 
cannot be parsed. The system then executes the error 
recovery rule specj-tjed in the hea.der ot 1-he compi t e r. 

Comme nts may be jnserted a.nywhere 1n a meta.lan g ua ge 
p ro ~ ram where blanks may occur. A co~ment beg ins and 
ends with a percent sl~n and may c ontain any character 

le7d 

I.S 

t e8a 

except (\ perce(]t sign. leSb 
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Tree Meta - FO'RM AL DESCRIPTION-­
De tu i l ed exampl.e 
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ThJs section ~ lves as an eXAMple a Tree Meta description o~ 
il. small , S imple lan guag e which Tree Me ta will compile into 
a co~ p llur ~o r source code . rit~en in that lang uage . The 
exampLe I s explained in detail to illustrate how tbe 
m e~ulan guaR e cons~ructs o~ Tree Meta are used. 

Detailed e xo.mpte- - Not incLuded in preliminary dralt. 

1.1 

I b 
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The "foltowlng .lo l"mal rlescr-iption o.t the tree meta lan g uag e 
Is based on the syntax definition ot tho Tree Meta prograra 
itsel~e Actually some syntax de~initlo n rules have been 
chanMed sll ght~y for clarity. (Note that theBe changes 
make the syntax presented unusable as the syntax o-t a 
",eta-compjler.) 1h1 

The formal description may be somewhat dif~icutt to read 
since the syntax 'lsed Is the same as the syntax bein g 
defi n ad , but accompanying explanat i ons should heLp 
ove rcome thIs p roblem. 

A re~erence table of the complete syntax of Tree Meta as 
of thIs Writin g may be found in the the foliowina 

1 bta 

sect i on . Ibl .h 

Complie r header Ib2 

prog r am 

The.re are two types of input -tiles recog nized hy the 
Tree Meta system . 

"'FILE" .I D ["CRECK"] " META " .ID 
" END" I 

#headelt Nrule 

The -:t l ,rst r epresen ts a lDettl campi lar program; it 
has header elements folLowed by a body made up of 
rules and l s te r mi nat ed by an " ENn " symbol .. 

The " PILE" .(0 construction corresponds to the 
T rTL E statement of the puP- tO Macro Assembler. 
The ID appears as the name or the ~ssembted 
program and Is used when debuag lng with the 
Dynamic Debugging Technique (DDT) to §l!;aln 
access to the prog r am ' s symbol table. 

may be use£ul In checking 

1 b2a 

l ,b2al 

Jb2a2 

Ib2a2a 

Ib2a2a1 

The opt lona l "CHECKII 
out new compilers. 
be se1 . 

It causes the check ~lag to 
Ib2a2a2 

At present this flag is used to p roducp code 
to check whether or not a node reference Is 
a terminal node in a context ill which one J9 
needed .. If not, Ii compller error is noted. 
[t the llCRRCKl1 Is removed, the check flag Is 
not set, the code ~o make the ~est i s not 

2 
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put out, and, It the cornpi ler is not 
perfect , had thlngs will happen; 11 It is 
perfect, however, it wIlt g o a bit ~aster . Ib2a2a2H. 

A user may use thi s conBtructlon In 
c~nJunctlon wIth new library routines to 
make other checks on his compilers dUrjn g 
debu gg in g . Ib2u.2a2b 

The mand4tory IdentJ~Jcr after the META Is the 
name of the rute that ie f Irst Invoked and 
which w ill s t art the parse. When the end o~ 
that rule Is reached, cOfllpllation will end. [1' 

it falls, compilation wil l end immediately wIth 
a syntax error. ( See the dIscussion of 
Initialization In the Program En vironment 
section . » lb2a211.3 

" LIBRARr" S .lD ; Ib2aJ 

The other Input tile possibility, tbe word 
"LIBRARY" ~ollowed by a lIst o~ IDs, sets the 
lib r ary a ttribute on each ot the rDs li s ted. The 
Tree ~e ta system Itset£ wou~d then know these lOs 
were defined in the ~ibrarY4 This input ~ile is 
used to 11s1 conflicts between the met~-compiter 
and the library with which 1t will be loaded. 

headelt = 
Heading elements lQust appear in a g roup he1'ore rules. 
Although it is not Jndicated In the syntax, the error 
and size constructions are required in every 
compi leI". J'f they are omitted , correct compilation 
will result, but some unde~ jned symbols w.ill show up 
at load ~ime. Of course, it is entirely possible 
that the omissions are lrrelevant to the user ' s 

1 b2a3H. 

I b2b 

c om p ller. Ib2bt 

"ER ROR : II scn exp I; / 

ERROR defines a rute which wlll be invoked ~or 
recovery whenever an error occurs In compi latlon~ 
it must begin wlth a scan (sen) whIch Js discussed 
be low. 

3 

Ib2b2 

lb2b2a 
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" SIZE : " ~ ( ('K liN !'N /IG I' s j'L) '= .. NUM ) 
•• • / 

S [ ZE de~tnes the sizes o~ ~he various storage 
o r eas ~or the co~pller beio K c reated. The storag e 
a r eas are designated by K. N, H , a , S Rnd L.. J f 
!lny are missin g , they will be unde 'tined at load 

time.. The actual sizes needed fo r a compiler mu s t 
he "found by experimen"t. The u.mount o't each area 

used by the co~pjter j5 written out a1'ter each 
time the compiler i s u sed . At this writin g Me ta 
itRe11 ~ses K = 7 5 , N = 900, M = 110, G = 50 , S = 

Ib2 b3 

1400 . L = 250 . tb2bJa 

The X- stack contains the symbols recog ni zed by 
the basic recog nl ze r s. 
T he N-9tack con1-ains nodes in the tree hein a 
constructed. 
The Ii - stack is used to hold cal l return 
locations . 
-rhe G-stack con to.J.ns g enera1"ed ltlbels. 
The S-sto ra g e a re a. i s usod :for symbo l s tora g e. 
The L-stora~e area contains lIt e rals. Jb2b3 al 

A more detaIled discussion of the use of these 
a r eas J s in til e Prog ram En vironment section. Ib2b3a2 

" FLAGS : II $ . r D '; / 

FLAGS declares the names ot :flags which may be 
se t, reset and tested by the co~pi ler throug h the 
use of the GFS SFR and ?F constructions. 

/ 

ATTR I BUT ES de~ ines new a ttri bu t es to be use d in 
the comp il er . Each sy mbol table item rec o g nized 
b y the cOlllpiler (lD, U ID, S R, SR 1) has these 
a ttributes as well as a sta n d ard se t (all 
initialize d to o:t t or 0 ); they may be set, reset 

1b2 b4 

1b204a 

1b2b5 

a nd tested b y WS IDR and ?w. lb2n5a 

Six stand ard at tributes are included in every 
Meta comp iler ( their use Is desc ribed in the 
Progr am E nvironme nt sect ion): 

defned - de1' J n ed= l, und e:tlned= O. 

• 

1b2b5 a1 



) 

) 

) 

T re e Meta - FOR MAL DESC R IPTION-­
Sy ntax and semantics 

&SRI -A RC 2J -JA N'-7 3 14 : 05 

r e toc~-- r etocatab t e= l, absolute=O . 
opcode-- opcode=l, other=O. 
extern-- e xte r na l =1 . t ocal =O . 
tlnked-- link ed o r r e~e re n ced= l, 

un l 1 nk ed '=O=unre.1'ercnced . 

14046 

nodd t-- n oddt=l, to be passed to DDT= O. Ib2b5u. l a 

The u se r Is per~itted to de£ ine up to 1 0 
additional attrlbutes. I ~ more are specl~ied. 
an e rror i s indicated. 

" DUMYY:" S . ID I; I 

DUMM Y Dummy r Ds are usually u"parse rul e na~es 

that a re used only as node names and are nev er 
ca lled as an un pa r se rule. A compiler error 
r esults I r the rule 1s ever cat le d . 

" OPCODES :" $ ( . UID ' = .NU N ) I. I 

OPCODE S defi ne s a set of U[Ds as o pcodes wh ich 
hav e not beeo already p re-de fined in Tree Neta 
(the complie r bein g used to compi le t hIs prog ram) . 
They will be used 10 the tex t of this p rog r am . 
The declared opcodes are p l aced in t o the me t a 
comp i le r' s symbol tabl.e (t o rec ogn i ze ops in this 
p rog rand, not in the symbol "table o:f the comp i leI' 
be ,ing c r ea t ed. T hey w ill no1: be passed to DDT . 

" SET :" 

When u sed In the ro,.~at lon o~ outpu t 
Instruction words , UIDs se t as opcode s in the 
header a -re OR ' d Into the wo r d be ina 'formed • 

. -' lJst o ~ p re def Jn ed opcodes for th e 10 system 
appea r s In Appe n d ix -- .. 

$ ( . U [D ' : .NUY, ) ' ; I 

SET Se t IDs hav e th e Ir v a lues p r e s e t to the 
in d J cated numbers in 1:he me ta-compiler's symbol 
tahle . 

They a re very much 11 ke opcodes except fo r the 
way j n wh ic h they n. re t r ea ted when they are 
used to form output : "they are added into th e 
outpu t word be i ng formed . 

5 

Ib 2b5 a2 

Ib2 b6 

Ib2b6a 

Ih2b7 

Ib2h7a 

Ib2b7a ! 

Ib2b7a2 

Ib2b8 

Ib2b8u. 

1b2b8 al 
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Set I Ds a re primarily used to speci~y r eg ls~~r 

celts or constants. Ib2b8 a2 

"FI ELDS :" .UID "= [11 • NU M ': • NUN f] ) •• • ; 

PI ELDS A ~ield is an upper case i dent ifier which 
des i g nates a group 01' conti g uous hits In output 
words beln g ~ormed In a manner descrJbed in the 
sec tion on output f!; eneru.tion hel o W'. The number on 
th ele~t ot the colon In the d efi nition ind icate s 
the number of bits in the ~ield; the number on the 
ri g ht indi ca 'tes the number 01' bits to the ri g ht of 

Ib2h9 

the fie l d . lb2 b 9 a 

I f a ~jeld Ls specif ied o n a value in an outp ut 
word bei n g formed (se e pvalue below ), any 

previous contents 01 the f i e l d eL,re repl aced by 
the spec lt.led val ue . r1'. "the value Is a num ber 
of bits g reater than ~ where N Is the s iz e o f 
the "field, the ri ghtllloa~ N hi ts of the value 
wl~ l he placed in the output word "f i eld . I b2b 9 al 

Rules 

rule = synrul I unprut ; 

There a re 1 wo types of rules , synt oK ( parse ) r ules 
and unpa rse rul es . 

synrul = .. T D 1= exp '; ; 

The tD to the left of the equa l s i g n is th e nUln e o-f 
the syntax rule. The syntax expression (eJ(p ) to t he 
ri g ht is responsible lor controlln M the pa rSin g of 
the in pu t throug h variolls t ests and alternations, the 
hujldjng o~ n odes of the tree throug h stack 
manipulations, and t he p assin g of control 1.0 
pars e r ules and to unparse or output rutes. 
syntax rule ends with a s emJ-colon. 

un p rut = 

There are three type s of unpa ra e rule s . 

• [0 N( # nodtst "=)" g enexp •• ) I • 
• [D N( # nod~ Bt ":=" va~exp •• ) I • 

6 

othe I' 
Each 

lb 3 

1 b3a 

I b3al 

I b3b 

l b 3 bl 

lb3c 

Ib3 c 1 

l.b3 c 2 
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S yntax and seMantIcs 

.ro 

In the more elaborate types of unparse rule the 
name o~ the rule, the IO, is followed by ono or 
mo re trap tes~lng parts (nodtat) each tollo.ed by 
et thor a "=)" sYflilhol fol to"eli by an output 
g ene r ation expression ( g enexp) or a ": =" 'followed 
by ft value expression (valexp ) closed by a 
sem i-coton. 
thl nas) more 

The g enexp permits (amon g other 
testin g and alternations, passing 0'1 

control to other unparse rulos , and g eneration o'f 
output code . 

The symbol .1: =" followin g the nodtst indicates 
that thp rule wltl r eturn fJ. value. At some 
po int during its execution, the value 
exp r ession must create a value. It 
one value is present In th e valexp, 
one is returned. 

more than 
the last 

A valexp Is si~llar to a g enexp; It does not, 
however, pe rmit controls or 
Onl y testing , alternations, 
assIgnments are permitted . 

output generation. 
and value 

The unpa rse rules with "=)" sYlI&bote do not 
return values. 

One may not mix modes that 8.SAi M" values with 
modes that do not eLssi y: n v alues In one unparse 
rule. 

"=)" Me nexp • • • 
Tha more eil.pte 1'orm 01 unparse rule does not 
p ermIt node testin g and Is us~d when no subnode 
1eHtln~ 19 required. 

Syntax expressIons and subexpressions 

exp = fI ( ' /)subexp; 

An expressIon (exp) is the rI g ht part of a syn tax 
rul e . It contains any number ot 8ubexpressJons 
(subexps) separated by stf;lshes . The subexps are 
atternate possibilitios to be r ead trom from le£t to 
rl a llt . I~ all fall , the rute as a whole ~alls . 11' 
one succeeds the rul e sucCf"eds. and only the 
success~u l subexp Is executed . 

7 

I b3c2a 

lb3c 2 a 1 

I bJc2a2 

Ib3c 2 a 3 

Ib 3c2a4 

Ih3c3 

Ib3c3& 

Ib4 

1 b4a 

1 b4a 1 
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Syntax and semantics 

s u bexp = [. - J fH stest I ntest )j 

A sube xp with no leuding "_" i s a se ri es of syntax 
testi n g (stest» or non-testin g (ntest) elements. 1~ 

the subexp b e gins wIth Q "_'I, backup will be invoked 
w i thi n the subexp Jt any o~ t ts elements ~al1 . 

l~ the ~i rst sube x p element is an stest in a rule in 
whI ch backup h as not been invoked and it £0.11s, 
execution will puss to the next a lt erna ti o n tn the 
exp l ~ the alternations have not all been exhausted . 
rn a ny other case in which back u p i s n ot used , i~ a 
£a i i Jn g stest is not the £ lrs t e~e~e nt a syntax error 
w_lll result. 

Lt backup hus been inVoked within a s ubexp such a 
~ailure ~ll~ cause tbe s u bexp to ~a ll a n d e v erythi n g 
(jncludin g the in pu t ma rker positIon b ut exclUdin g 
a ny output which may have been p r oduced ) will be 
resto r ed to the con d iti on presen t u pon e ntry into the 
s ubexp~ Then the next u.lterna-t:lon In t he e-xp will be 
tried (or ~he rule will return ~alse 1£ al l 
alternat ives have been exbausted). Fo llowJn a the "_" 
Is a series o£ syn t u. x testJng ( stest ) and non-t estin g 
(nt es t) elements . 

It i s not wise to do a n y un p arsing inside 
expressjons in wh Ich backup h as bee n Invoked 
because the output g enerated i s no t backed up . 

Tea t I n g sy n tax e1.emen-t:s 

s~es ~ = 

T he se syn t ax elements may fa il 4 

• 

.l D 

uld I 

The • uid 
recognizer .. 

• re1e r e nce 
K- stack . 

I 

rep ,re s en"tS a ca ll o n a basi c 
I f success1ul, the recog ni zer wIll add 
to t he recogni zed symbol onto the 

An i den ti~l er indicates a callan another parse 

8 

I b4b 

Ih4b l 

lh4 b2 

Ib4b-3 

t b 4 b3a 

lh 5 

tb5a 

t b5al 

ib5a2 

l b5a2a 

tb5a3 
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u'd 

rul e . The called r ule may add new items to the 
K-stack . 

• S R 

. S Ri 
/ 
/ 

The two types of st ring s (SR , S RI) test 
~ tr eam to r the g iven s tring . T hey "fail 
Ht rinA Jg not the ver y n e xt thin g to be 
SR s~ rln g m~y be of a r b itrary len g th. 
the X-stac k is change d .. 

'( ex-p IlI 

the in put 
1 .1 "that 

read . An 
Nothing on 

Parentheses may be used to nest ex p ress ions. 

The pa r en th es ized expressJon i s taken to be a 
sIn g Le s tes t enti ty no matt-er how comp Licated 
it may be. 

U?pl! .1 0 / 

The ? F fails i~ the ~ tag s pec ifi ed b y the [ D Is 
fa lse .. 

"? Q) II .10 / 

The 7@ fo.J18 if the indicated att ri bute o~ the 
most rec~ntty recog niz ed symbo l is not set. 

( n+, n I ,,- '" ) • CUR; 

A p l us or minus siKn ~oltowed by a sing le quo t~ 

l ollowed by a c h a racter checks ~or the presence or 
B_bsenc e o"f the g iven charac-ter as the next item 1 n 
the in p ut s trea~ w l-thout a dva n c in g the input 

1 h5u.Ja 

Ib5 a4 

1 b5a.4a 

lhS a 5 

Ib5aSa 

IbSaS al 

I b S a 6 

Ib5a6a 

l b S a? 

Lb5u.1 a. 

Ib5 a 8 

marke r. I b5a8 a 

T his thus serves e 1 1ec t1vely as a one character 
l ookahead; i t" the test t.alls, back-up i s no t 
necessary to r e st o r e th e input stream. I b5a8 aJ 

This type o~ tes t I s ex trem ely ~ast In 
e x ec u t ion. I b5a 8 a2 

= " UI D" I "ru" I "NUM" I " SR fI I " SR l" I "CHR" I hSb 

9 
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'iy nt a x a n d semantJcs 

These a r e the baslc ident i 1' i e r s . They were descr i bed 
in the Overview sect i on o~ thIs r eport . 

Non-testln& elements 

n test = 
These syntax e lement s cannot ta ll. 

1: nodcon I 

'. 

A pa r se rule node construetiun element (no deon ) 
1'o llowlng a colon buJlds a tree n ode . I t replaces 
a spec l~ied number ot It ems on the K-stack with a 
rele r ence to a n ew ly bui lt n ode and lts s ~ructur e . 

The N- stack w i II co nt a in the new node and It s 
subnodes. 

I 

An aster is k in thI s con t ext passes control to the 
unpars e rule at the top node o r r oot at the tree 
(reall.y a po i nte r at the top o.t the K- stack that 
refers to a. node a nd 1 t s !;Iubnode cha in 
N-stack ). The N- s tack is marked and 8. 

to th e p rope r rule. Upon a success~ul 

on the 
ca ll made 
r e turn th e 

bru nch o~ the tree Is removed ~ rom the N- and K­
Rt acks . A. 'fail.ing re tu rn r esul ts In a compile r 
e rror . ( Sec the P ro g ram E nvironment section ~or a 

t bSbl 

lb 6 

1 h6a 

Ib6 o.l 

lb6 o. 2 

t b6a.2a 

Ib6a3 

more detajled explanation.) Ib6a3a 

". CHR " I 

The " . CHR~ rea ds one charact e r f r o m th e lnput and 
adds an ite. t o the X- stack but cannot fail . 

l[ e1tp 'J I 

Exp r ess ions inside brackets are op tion a l. Fo r 
p.xo.~ple , 1f they co n ta Jn an stest whlch ~al 1 s , the 
e ntlre subexp does not necessa ril y tall . 

contrl I 

Con tro ls ( cont rl s ) per~orm varIous operat i ons 
involved in the co ntr o l of a compilat i on by the 

10 

1 b6 a 4 

I b6a4a 

Ib6aS 

I b6aSa 

I b6ab 
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sen 

user's compiler. 
be low. 

01 scuas en be 10 .... 

They are discussed In de~ail 

I 

n:[ 11 genexp , ] I 

A colon ~ollowed by an ou~pu~ g eneratlon 
expression 
control to 

in square bracke t s pass~s immediate 
the enclosed g enexp. Control by the 

~enexp permits outputtin8 and other unparse rule 
operations dlrectly -trom pars e rules and Is use1'ul 
for simple p a rts of the compilation In which It 
would be cumbersome and unnecessary to build a 

Ib6a6a 

I b 6 a7 

Ib6a7a 

Ib6 a 8 

p arse tree node and then l~medlately unparse 1t. lb6a8a 

• 

• 

oped Jnstr I 

This construc~lon permits lnsertion 01' assembly 
code instructions in the cOlnll lter. The opcd Is an 
uppercase o pcode wbich was eIther declared In the 
header or was present 1n tbe initiallzation fite . 
The rest o~ the instruction (instr) ap p ears in the 
section on Assembly Code below . The assembly code 
:feature has been used so 1 nfrequen tly that at 
p resent It Is only optJonally present In the 
meta- compller . 

idseq I( exp I) / 

T hjs construction permits the IdentJ~lc6tlon of 
local variables. The 10 seq uence (idseq) is a 
list of TOs ("'flag s and variables but not 
attrlbutes) sepa.rated by commas whose values are 
s aved before executJon o£ the cx p enclosed by the 
p arentheses. Upon completion o~ the execution 
(durin g which the values oL these IDs may have 
b een chanp; ed.l, the ori g inal s aved values are 
restored. Recursive identl~icatlon 01 local 

1 b6a9 

Ib6a9a 

Lb6alO 

variables is permitted . lb6alOa 

' G (" MARK " I "UNYARK'I I 

The " SVA RK" and " S UNMARK" 

b racke ted. In effect, the 

11 

cause the N-stack to be 
portion o~ a tree buIlt 

tb6 u. lt 
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S yntax and seman-tl c~ 

up to the roark is saved.. A1:ter unparse execution 
the tree Is collapsed to the ~ark. Another tree 
may then be bui lt and unparsed while keeping trees 
p r eviously built. This bracketin g may be nested 
p ermitting -the 11*11 process of unparsing a tree to 
be nes ted . 

" SLABEL" / 

The II S LA BEL II C ons1: ruc t j on causes the 
use the most r ecently r ec o g nized ID 
messa~es as a reference 1:or the user 
the input prog ram. 

library to 
in all error 
to a point 1n 

Jh6a.l1a 

lb6a12 

1b6a 12 & 

These messa g es arp. wrJtten loc+n where n lines 
have been read sj nce the symbol loc was 
designated by an " S LABELII cOnlmand In the 
compiler. Ib6a 12a J 

Uf;DJC;CARD" I 

The " SD r SC..\RD" construction removes the to p Item 
o n the K- stack and 1s used to throwaway an 
u nwanted UI D, ID, etc . 

' $ I ' # I 11. $ " I 11.#1" ) [,< exp ,>] stest 

T he dollar sign , U$ II, is the arhltrary number or 
sequence operator. The B in g le stast followIng the 
optional exp r ession enclosed in an g le brackets may 
occur an arb.it 'rary number or ti~ es (including 
zero) . Parent heses Play be lIsed to 8 rouP tl set 01' 

Ib6a13 

tb6a1311 

Ib6a14 

elements into a single e~ement. Ib6 al4a 

The number sig n, 1'#", is used before elements 
which may occur any number o:f times equal to or 
Ilreater than one. Ib6a14b 

If 11 $ 1' or 1' # " preceeds an expressio n enc~osed by 
angle brackets, a series 01 the s test item s 
(including zero £or "$1" at least one ror "#11) 

se parated by the enclosed expression must occur . 
The fina l element in the series must be one 01 the 
items, not one o:f the bracketed delJmJters. lb6a14c 

Jf a pe riod occurs before the 1' $ " or "#'1 the 
K- Rtuck _lll be marked be~ore the start ot the 

12 
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reeognl tion of the arb! tra .r i ty tong ser .1 es. 
ThJs requires that the "$11 constructiun be used 

subnodes at some 
items recog nIzed after 
or " . N" wilt be inclUded 

to builrl a sequence of 
subsequent point . All 
the mark :from the ".S" 
in the sequence. (See lIodcon below.) Ib6a1 4 cl 

11 some other s pecl:fication ot the subnodes 
1s made there may be trouble in removln g the 
marker which 1s a pointer to ~he :fJrst cell 
In the sequenc~l ~rom the K-stack . Ib6 at4ela 

sen == 11_,)11 stest; 

The scan construe tion ca.uses the input stream to be 
adv a nced to the tirst occurrence ot the g iven stest. 
[t is used in the error construction and is invoked 
a ft e r syntax errors. 

oped = • UJ DO; 

The urn must 
heade r or in 

have been dec l ared 
the 1nitialization 

an opeode 
tile. 

in 'he 

idseq = N <',) .I D ; 

This is a series 0'" ros (flag s or varia·bles but not 
~ttrlbutes' separ~ted by commas. 

Sode construction and execution jn parse rutes 

nodeon 

A parse rule node constructi o n ele~ent (nodcn») 
followln g a colon builds a tree node; as a node 
element (see be~ow) )t creates a sub- node on a node . 

rD [ I( $ <',)nodelJ I] ] I 

The g lven [0 will be the name of the g enerated 
node; the optIonal parse mode node elements 
(nodell) se p arated by commas inside the brackets 
witl be the sub-nodes emanatin g ~rom It. Buildin g 
8 node may Involve removin g items from the K-stack 
to p roduce it and witl always involve addlng one 
item to the top ot the K-sta.ck -- u poInter or 

13 

lb6 b 
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Ib6 c 

lb6 eI 

Ib6d 

tb 6dl 
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Ib7a 
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reference to the node Jus t built whIch will reside 
wIth it s Bub-nodes on the N-stack ~ 

1= value / 

T he equals-vaL ue i s used to build a node or 
Bub-node o~ any 36-btt vaLue ~ 

opc d / 

I t an UID opcode appea r s 1n this context, the 
value or the opcode wi ll be adrted fiB 8 node ~ The 
opcode .Must be det lned . 

g label. / 

. SR 

A ~enerated l abel ( g label) will appear a8 a node 
o r sub-node on th e tree I~ It occurs In this 
c ontext. it Is explalned more ru lly below. 

/ 

A s tring as a node buildIn g element enters the 
sp~ciried s tring into symbot storasc an d U8es 11 
as a node as i~ It were recog nized £ ro m the Input 
s tream by SR • 

• SR1 ; 

SR I buIlds a sIn g le character Bub - node as thou g h 
It were recog ni 7.pd rrom the input stream b y SR i or 

I b7 a2a 

1 b7a 3 

I b78,Ja 

Ib7a4 

Ib7a4ft 

tb7a5 

tb7a5a 

1b7a6 

1 b7a6a 

Ib7a7 

ClIR. Ib7a78 

nodel1 = I h7b 

These node e lemen ts wi l 1 be s ubnodeB 0 1. t he node 
beinR constructed . 

. NUN / 

I t a number occurs a s a node element, that numher 
nf it ems will be removed fro~ the K-s~ack and used 
u.s s u b nodes o:f the node bein ,o; ge nerated. They 

1b 7bl 

lh7b 2 

wIll appear In the order of recog nJtlon. lb7b2a 

•• / 1 b7h3 

14 
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A dol lar sI g n in this context indjca~eR that a 
sequence o~ items reco~n l zed t ro m ~he input with 
the ma r ked seque n ce ope rators, ". $" o r ". HII, is to 
be bui lt lnto the node In the order recogn I zed . 
I~ any i ~ems are recogn i zed after the sequence 
ope r ator, -then the 11 $ 11 node building cons-t r uc-t J on 
w1 1 t inc tude them as if t hey were In the sequence . Ib7b3u. 

nadre! I 

In this contex t -the node re~e rence (nodre~) 

pe r mi-t s direct acces s o~ X- stack items by the 
use r. The number in the nodre~ wil l I ndicate the 
o r de r o~ recog nition o£ the Item starting with the 
fi r st jte~ r ecognized ot -the start ot t he p arse 
rule as 1, the second as 2 , and so on .. Access 
beyond the s t a rt o~ a. particular parse rule is 

Ib7b4 

undel'ined . Ib7b4a 

When used here the K- stack Item Is not popped-­
the 11 SVrSCA RD " const ruc tIon mus1: be used "to 
remove items ~rom the stack . [t re~oves items 
1rom the top of the stuck so be cftre~ u~ . ( S ee 
Con -trols be l ow .,) Ib7b4o.1 

Node re~ere"ces whlch appear in the more usua l 
context 01: un pa rse rules a re desc ri bed belo w. Ib7b4a2 

norleon Ib7b5 

A node on he r e Is used to c r eate ( possib ly 
etaborate) s ubnode structure on the n ode being 
fl,enerated . Lb7b5a 

g labe l = I N ~re~ I II G# II g re~ 

A generat ed label ( g lab e l) i ndlca t es that a g en e r ated 
label should be adderl as a sub-node . The "Gil Is lIsed 
to 'torce a new label t o be g enera ted . I f a label has 
not been p r evIous l y ro£erenced and is reI-erenced io 
the g label constr uction witho ut the p resence o~ the 
fiG II , It is g enerated a.s l.f the " G" were -the r e . 

fo1: r c:f = 'J I ' 2 I • [ D 

The only label numbers are 
labels any number of labels 

15 

1 and 2. By reg en erating 
may be used by one r ule, 

Ib7c 

Lb7ct 

1 h7 d 
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but only tw o ~ay be referenced o~ once. The labe ls 1 
and 2 remain local to ~he rule. Prnvision is made 
tor assi g ning a genern~ed label to an [D ( see nsg n in 
Controls below). AssI Knme nt o~ genera~ed labeLS ~o 

lOs allows g lobal gene rated labels. 

Controls 

Cnn trols alter the flow of the meta-complier, g ive 
information ~o the loader, define nnd ussisn values to 
variables, ~lugB and a~trlbutes , and send messages to 
-the us e r. 

con trl = 
q; 'F (' S /' R ) Idseq I 

The construc~ions "&PS" and " SFR" respec tlv e ly set 
and reset the flag s declared In the header and 

lb7dl 

Ib8 

IbRIl 

t b8b 

Ib8 bl 

specl~led by the ids8q. lb8n la 

1 0) ('S/'R) idseq [oodref] / 

The attrib\l~e set and reset constructions (lI iilS " 

and " SR " respectively) set or re se t the 
a ttributes, declared in the header and specified 
by the l dseq , on the most recently recoSn ized 
K-s tack item in a parse rule without a nodre~ , on 
the K-stack item s peci~led by ~he nodre~ 1n a 
parse rule, or on the node item spec ii'ied by the 
nadref In an unparse rule. 

Note that the nodret is leg ltlmately op~lonal 
tn 8. parMe rule , but is "'anditory In t:lO unparse 
rule.. The nod ret ,,"ust be u. t erm inal node in an 
un pa rse rule. A test is mude to check whether 
o r not a nodrei' Is a terminal node if ~he check 
~la~, which was se~ in the header by the 

Jb8 b 2 

Ib8h2a 

inclusion of -the word "CR ECK", 1s on. IbRb 2 al 

' S call I lb8 b3 

Permits a call on u. library routine. Ib8b3a 

' S as"n / th8 b4 

Pe rmJts assignment to varjables. I b8b4a 

16 
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Th is construction is used to generate the name 01 
the output fi le to be used by t he l o ader on the 
poP-t O. i f the op t ional nod r e::t is absent ., the 
mos t recently r ecogni zed 1D Is used as the title 
name ; 1 1 It Is p r esent, the terminal node ( In an 
unpa'rse ru le ) or the K-stack j tefft (in a parse 
ru te) to which it r ef'e 'l"s Is used. 

This was used t o imr.lement th e IIFtLE" I D 
const r uct i o n In the meta- compiler. 

" &8SS" value • / 

This Increme nt s t he locatIon coun ter by -the gJ ven 
value and sends ~ control word to the load e r to 
le6v e a b lock o~ ze ros when loadin g . 

II STABLES" 

This calls 
the symbol 

on the 
tables 

/ 

library r outi n e which ou~puts 
s n d 

table ~or t he to ade ra 
dumps tbe 11 te rat storage 

( Symbol s with the nodd t 
6t~ribut e s et are not passed to the loader. They 

Include opcodes se t in the heade r as well as 
n umbe rs.) The sy~bol ~abte requJrerl by DDT i s 
rlescrlbed in the Program Enviro n me nt sectlon a 

" SPAI LI1 / 

II SF~ ILII .forces a rule 1ailure . It ~ay be used 
a n ywhere j n a parse rul e; ill a n unparse r ule .1 t 
may not occu r In the mJ ddle o~ a 11 $ " itera~ion 

d escribed in outunlt betow a 

/ 

"T"RUE II, lega l only In unparse rules , forces 
s u ccess o.f a rule . rt I s e:f'fectively the "empty" 
rulea 

" SGtI " g re-t / 

Forces gene ratIon 01 the tabel re ~e rred to by the 
g enerated label re'ference {i dent i ca l to the action 

[7 

I bBb5 

lbBbSu 

I b8b5al 

Ib8 b 6 

I bBb66 

I bBb7 

1 h 8h7 a 

1 b8b8 

l hBb8a 

lb8 b9 

1 bBb9a 

I b8b l O 
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o~ a g label 1n Ii. parse rute except a tree norte is 
no t ",cnera ted. ) 

I ) rtet I 

Der lnition s ( del) define values In identifiers and 
g ubnodes. See the Detlntjon section below. 

' ( $ mAsae1.t ,> 

call 

The me8sa~e elements (mesg elts) between an ~ t e 

brackets a re all written on the mesS8Ke fJie. This 
c onstruct Is handy ~or cON.unicatLn g with the 
user; error messages , Warnings, or value s o~ 

pa rameters within the co~plter can be wr itt en out . 

-= .10; 

The ID Is the name o~ the library routine called in 
the ' 6 call constr uction. 

as g n -= .TO ,_ ( value I glabe l ); 

The ID Is the name of the variable to which the value 
or ~enerated label Is assi g ned In the ' & asan 
con s truction. 11 a ~enerated l abel j9 assigned to an 
ID nne can ,~e g loba l senerated labelR. If Jt has 
no1: been decLared in a del, the named celt Is usuaLly 
declared in a dllal .. y headlna sta t ement . 

mesgelt 

• SR / 

A string as a .. eRg elt causes the g iven string to 
be written on the message flte. 

I'LOC " / 

The symbol uLOcn causes 'the location in the Input 
p ro g ram to be written out in the form o~ a label 
plUB the number of lines past that label. The 
l' SLABB L" const ruct is uBed to desJgnate th~ labels 

Ib8b lOu. 

Ib8b II 

lb8b l1a 

Ih8b l2 

Ib8b 12a 
1h8c 

J bRc t 

1 b8d 

tb8dl 

1 bae 

11188 1 

Ih8e l& 

lb8e2 

a t the tinte they are r ead fro .. the input prog ram. Ib8e2a 

"LI NE " / Ib8e3 

18 
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The symbol "LINE" causes the tine nu .. ber past the 
label se t by the taRt "SLABELI' to be written. 

nndre 'f / 

A nodrer i s used to write out II. symbol tn the tree 
from an unparse rule or on the K-stack tro .. an 

lh8eJa 

1 b 8 e4 

parse rule. Ib8e4a 

value [ I B] ; Jb8 eS 

It vulue withou-t the optloRlI.l " B lI causes tL number 
to be wrJtten out to the base ten. Thl~ CIln be 
used to write compiler pa r ameters at the end o~ 
comp ilation. Wlth II. li B" an octal numb e r Is 
wr itten. 

Def initions 

de [ 

deft 

= [t t de fl [ _ va tue J; 
= nndref / .1 0 I . SR I Ktabe l; 

Def initions permit the asel g nment o~ values ~o string 
stora s e items specified by the d efinitIon item 
(deft). The optional Iltll causes ~he external 
attrihu~e of the item to to he set . A~ Load time 
these symbols .ay be used to satis~y undefined symbol 
ref e rences ~rom wlthLn other ~lleB. A ~lag is set 
permlttin~ the loader to fjx up the necessary links 

the refer e n ces in the various ~Iles. Li n.k s between 
ot' th is type a r e used in T r ee Veta to create links 
between items referenced in both the Tree Meta 
pro g ram and its lihra r y rOll tInes . 

I~ no value aSSignment part (1'_', folLowed by a value) 
i s p resent In the def , the Item is give n the current 
val ue o~ ~he location counter . The Ite ... may be a 
nodre -f in whlch case aD Immedi ate subnode (tn an 
unparse rute) or a K-stack Item (in ill parse rule) is 
de .fined. It de:f'l is an 1 D or SR it Is entered In 
symhol storage i~ not alr~ady present . CLabels arB 
alwuys defined to the current loca~lon; their 
external attributes may not be set and hence an ,·t" 
Is not pe r.itted. 

Output ruLos 

1 9 

lb8 eSa 

Ib9 

1 b9a 

lb9al 

Ib9 a2 

l bl0 
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unTlrul = 

• I D 11 =) " 

• I D Nnodtst "=)" 

.I D II C /lnodtst ":=" 

gen~xp 

g enexp 

valexp 

• • • 

•• • 

I 

I 

; ) ; 

As no ted abov e the 10 is the name o-t 1.h e ullparse 
rul e .. 

Con trol passes to u n parse rules ~rom parae r u l es 
whe n an as t erisk occurs .. 

Co ntrol I,aases ·from on(' parse rule 
whe n, as we shall see , the n~me or 
rule occu r s as II. re~crenced subn ode 
construc1.ed In the calling rul e .. 

to another 
the J nvoked 

o r is 

Nodts ts appe!l. r ing u.~ter the unparso rule names l)c r mi t 

1 bl Oa 

J b l l1" L 

IblOo.2 

IblOll.3 

LhlOa4 

lbl0a4a 

Ib I Oa4b 

the testln jl o"f the substructu r e 01' the node .. Jbl Oa5 

The nodtsts .re alternatives; each I s tried In 
orde r until one succeeds . The output rule "fails 
If n o n e n' the norttsts succeed . Once nne I s 
succese1ul, the corr espond ing outpu t alcneratlon 
express Lon ( g enexp ) or value asal nment express i on 
(valexp) i s executed .. At this level on l y this 
a1 ternatJve ot. the unprut I s executed . The f'!e n exp 
pe r nl1ts lIIo r e alternations a n d t est ln g: and may in 
tact fftil completely . The v a1exp a l so permits 
alte rn ations and test ing and mft y a1.so .tail .. In 
suc h a case a compl l er er r or is g ene r ated. 

Node tes t inM 

nodtst = 
A nodtst appea r in g a~ter the name o£ an unparse rule 
tests the substructure 0.1 t he named hranch. 

I 

A dolla r si g n lndLcates that no tes t Is to be 
made-- any number of nodes of any type may ~ol tow 

thiDaSf:!. 

lh11 

Ibllft 

lbilftt 

Ibl1a2 

as Immediate subnodes ot the n amed hranch . Ib l la2a 

20 
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'[ Si ( ', )ltpm '] ; 

item 

The nodtst may be a series o~ nodtst ltems 
separated by commas . The position I n the list 
Indicates which immediate subnodes are beioR 
checked . I~ no ite~s are Ln the list there must 
be ~ero subnodes . 

= 
Nodtst I tems repr esent tests mude on immediate 
subnodes or groups 01 subnodcs. The position of the 
Item in the nodtst determ i nes whIch subnodes are 

L b 1 1 u.3 

lbl1a3a 

1 bllh 

tested . Ibltb1 

.- I 

The dash checks tor the existence of "" Sll bnode in 
the pos Lilon indicated by the posl~lon o~ the dash 

L b 11 b2 

In the item llst. Lb11b2t1. 

• udtst I 

T he pe riod udtst item succeeds It the subnode is a 
s ymbol recog nJzed by ~he indicated basJc 

1 b ll b3 

rccoBnlzer. See below. Lbllb3a 

.NU W I 

A numhe r treat s the sul)node as I:L 36-bJ t number 
checks £or equality with the g iven number. 

oped I 

and 

An oped Is similar to u number item. The subnode 
Is ~ested -for equal1ty with the the value o.t the 
s iven opcode. 

'N ~re~ I 

A ae nerated lubel item testa tor a label and 
copies it 1nto the label g Iven. The label may 
then be used in the ~encxp part . 

(. [D I '?) $ nodtst / 

The [D with an optlonal norltst construction tests 

21 
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Syn t ax and semanti cs 

~or a s ubnode wit h that name and al l ow9 tor 
le""'tinJit tbe s u bs tructure o~ t hat n ode . The 
~equence 0-1 nodtsts a r e altern at1ves which are 
te~ted in o r de r until one succeeds . A quest ion 
ma r k instead ot the 10 perm its one t o check the 
s ubstructu r e 01 a s Ub n ode without spec l-tying the 
name o'l the node. (rt s pos Iti on o n the tree is , 
ot cou r se , specified by the position o-t the J~em 
I n the nodts~. ) 

nod reI I 

A nodret pe rmits one to check th~ presence o~ a 
pa rtI c ul ar s u bs tructur e or subnn de spec l t jed by 

the n ode r e1er e nc e . See "oct roi below. 

• SR ; 

udt!'lt 

A s tr i n g tests o n ly to see that the suhnodc J s a 
~ymboL, a nd Is the S(lme a .s t he stri n 8 g iven. It 
.aay g ave bee n r ecogn I zed by U r D r 1 0 o r SR . 

= 

I UlD" , "1 0" , " SR n I " SR i" I " CHR tI , "l.A OL" ; 

These a r e th e ba s ic r ecog n lzc r 9 pe l"mitt ed j n the 
'. udtst it em . No te that UNUM " is not amon il them 
becaus e aLL no des a r e numbe r s . ( One could ei the r 
usc a dash to check ~o r th e e xl ste nce of the n ode 
o r a number to c heck for the v a Lue on the nod e . ) 
The "LABL" p e.rnd t- s check i n g tn r th e presence o:f a 
~enera ted ~abel on t he node wi thou t copyin g th e 

ibtl b 7a 

Ibllh B 

lblLh8a 

1 b 1 Lb 9 

I b 11b9a 

Lbl l c 

l b llcl 

label over to pe r~ lt Its use in th e gene xp . Jbl l c t a 

Ou t p ut expressions 

ge nexp 

N( otest I genett) $ ( " N( otes t , ge n e lt) ) ; 

Ou t p ut generation exp r ession s ( genexp ) a ll ow 
a n o ther level o~ a lternation. Al t ernati ve s are 
made up o~ a ny number 01 ou t put test elements 
( o t est s ) and output g eneration and control 
e lements ( ~e nett s ). SeveraL a l ter n atives may be 

22 
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p rovided in a ~enexp . Just as In a syntax 
expressJon, they a r e separated by slashes . 

14046 

A g enexp is executed In an output rule only if 
the co r responding nodtst had Aucceeded . 
Failure is deter~ined Just as fo r syntax 
alte r natives wIthout backup . J~ the first 
elemen~ In an alternative is an otest which 
fa-Ll.s , execution will pass to the next 
alternat Ive 1 ~ a ll have not been exhausted . If 
a fait in g o~est l s not the first eleme nt i n the 
a lt erna* Ive, o r II a ll alte r natives hav e been 
exhausted, a compIle r e rro r wi ll result and the 
e rror recovery rute specified in the header 

Ib12 a la 

wi lt be Invoked . Ib1 2a l al 

Genexps may appear In parse rules afte r II. coton 
e nclosed by square bracke*9. Th Is possibility 
Is often useful for perlor~lng unparse rute 
operations dIrectly f r om parse rules in si.ple 
par~s o~ the co.pllat J on In which It would be 
cumbersome and unnecessary to build a par se 
tree b r anch and then Immediately unparse it . 
Tn thiM case node re~erences rnfer to the 
K-stack rather than to the tree. ( See th e Node 
Refe rence section below .) Ib12ala2 

Value rul e expressions 

valexp = 

# ( ote9t I v alue ) IS( '/ IHo"1.e8t I value) ) 

Value expressions ~r e used 
ope r ate in a manne r almost 

in value rules; they 
i dentica l to output 

expressions. Controls and output "e neration are 
not permItted, h oweve r. Alternations and failure 
a re the same as ~o r g enexps . The last value 
crea ted I n a successfu l alternatIve is the value 
retu r ned. 

Output t.ests 

., t es t = "# <"?AND">otestl ; 

Output tests (o"t.es t s ) permit further testin g of the 
tr~e structure and ~lAg and variabl e values in order 
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to "facilItate atternation 10 the g~ nexp. An otest 
may be a conJunction 01 any number ot output test 
elements (otest)) JoIned hy the " 1AND" cO'lstructlon; 
If one otest1 In the serIes 1'all9 , the enti r e otest 
f'al1s. 

otestt = 

These make up the otests; thpy permit the building 
and testing of tree structure, the testing oJ flags 
~nd variubte9, and perml~ some control over the 1lo~ 
o~ the p r oEram . 

nodout I 

The node construction and execution In an unparse 
rule eLement (nodout) buJlds a node and invokes 
the named \lnparse rule. The called unparse rute 
workS wIth the n~wty created tree node. The 
.invoked rule may build more nodes to call more 
unparse rules. It I t "falls , the otest 'falls. 

IbL4at 

tb14b 

lbl4hl 

lbl 4b2 

Upo n return, the node created 1'or it is lost. Jbl4b2a 

nodre~ I 

A nod re:t here usually denotes a non-terminaL 
Ruh-node that is to be invoked. This type 01 
uoparsc rule call lnils l~ the calted rule lails 
and returns :false. 

"1P" .. 10 
"1<i1" .. ID nodref 

I 
I 

Flags and attributeR ~ay be ~ested Just as in 
pa rse rules. Attributes require an addl~ionat 
sub-norle re£ercnce with respect to the named 
hrancb or to a branch specified by an earlier 
nodre't to lndictlte which symbol js to be tested. 
An erro r w ilt re s ult I~ "CUECK" was specltled in 
the hebdcr and the nodre1 Is not a ter_inat 

1bt4hJ 

lbt 4bJa 

lb14b4 

string-storage ite~. Ibt4h4tl 

'( g enexp ') I lb14 b5 

Pa ren~heses are used In the u"parse rules JURt as 
in the parse ruL es to g roup urld nest ge nexps. lb14h5a 
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'7 ["IP"] I S .ID / tbt4b6 

This construction permits a normal nodtst inside It. 

!'enexp or va.lexp, I . e. , on the rl, ~ ht ot the "=)It 
o r 11:= .. signs . Ib14b6a 

'7 [ !!iFtI] IILAST" / lbt4b7 

Th is construction succeeds it the node being 
c onsidered (having been speci"fLed by lteration 
through a series o"f nodes by the dollar expression 
c onstruction) was the last node recog nize d by one 
o~ the arbitrary number operators . See dolexp 
be low. Ib14b70. 

'7 [ "fFtl] nodtst / Ib14b 8 

Th is construction succeeds It the node bejng 
co n s ldereri has the structure sought hy the nodtst 
as explained above . 

'7 ( lIfFII] value (1I)="/fI(=tI/')/'(/'=/tN) value I 

Th is construction is used to pertorftl numeric a l 
tests on values which are described below. The 
ugua l binary relations are permitted in the tests. 

lbl4bBa 

1b14b9 

(The number sign Inean s !lnot equal" .) Jb14b9a 

"?NOT " otestl \b14blO 

T his test s ucceeds l~ the specl11~d otcBt l ~ails . 

tb14blOa. 
Node constructlon and execut i on In unparse rule s lhl S 

no rlo u t = 
An unparse rule node construction a.nd execution 
e l eme nt (nodout) e~lectlvety buIlds a tree branch a.nd 
immed l a tety calls It ln10 execution . Upon completion 

Ih158 

o~ execution it j9 discorded ~ro~ ~hc tree. lb1 5 a1 

.lD '[ $ ( ', )nodel2 .] ; 

The g iven 1 0 will be the naMe of the K~nerated 
branch; the optionat unpar se node elements 
(nodel2) separated by commas I nsJde square 
b racke ts wjll be suboodes e.onating Irom It . 

25 
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The node12 elements co r respond ef~ectlve ly to 
~ost ot the nodetl clements In pa r se rul e node 
cons truction elemen t s. The HUM and "$" modes 
are n o t p r esent because the X-stack is never 
accessed In unparse rules-- it Is used ~or 
po int e r man i pulatJon and i s sacred. lb1S112al 

If we a r e in a parse rule and the ge nexp Is in 
squa re b r ac ket s following a colon , th e nodref 
pe r,n its access to the I{- stack as explain ed 
below. Ib1 5a2a 2 

n ode l 2 = 1 b 15b 

These n ode elemen ts wJll be BuhnodeB of tho nod e 
beina a enerated In the unparse rul e . 

nodror I 

A nodret here In an u n parse rule Means that the 
node re~erred ~o wIlt become a n ode in the newly 
generated tree branch In the posit i on IndI cated by 
the order o~ the nodre~ In the list o~ n ode 

Ib1 5bt 

Ihl 5b2 

elements . Ib15b2a 

In a pa r se rulc the nodret perm it s dIrect 
access 01 X- s t ack it ems . Tho number Ln the 
nodre~ wL l l lndicate the relatlve order o~ 
r ecognl tL on 01 th e jtem beg lnnLng wLth the 
tirst item .r ecog:n ized at "the start ot' the par se 
rule AS 1, the seco n d as 2, And so o n. Access 
heyon d the start o~ a pA r t J cular purse rule i s 
unde1ined. I b15b2al 

[n parse rules one must remember t o pop the 
I te .. s 1rom the K-s t ock by usin g the nSD I SCARD " 
constructIon . (See above .) I b 15b2a2 

nodcon I b 15b3 

The nodeon was discussed above . It i s used to 
c reate substructure on the s ubnode h~ln g 
cons truc~ed. Ih1 5b3a 

Output g eneration and control e l ements Ib1 6 

p enelt = ou t elt I contrl ; Ib16a 
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An outpu t gen eru tion a n d cont r ol element ( g enelt) Is 
e it her a n outpu~ e l eme nt r esponslb l e fo r p roducin g 
instructions or a contrl fo r controlling the 
compi lation. Contrls were discussed abov e . 

oute tt = 

Out p ut e leme nts are a ene r ally thlnas that p roduce 
o ut pu t code an d lite ra l ce ll s . S e e the pro g ram 
environment sec tion fo r a detaJ l ed explanatIon o~ 
code p r oducti o n. 

nu tunlt I 

OUtput unit s (outunlts) u r e the h ulldi n g blocks 
~o r the cnns truct ion o~ instructions. Al~ ou1uni~ s 

th r oug h th e fi r st output word term inator ( o u term ) 
a r e used t o ~o rm the instruc tion. It any 
In s truction is not closed (termJnated) bo~ore un 
unparse rule call i s .ade ( by a nodou t or nod rel), 
the rule cul led _11t continue to fo rm th e same 
wo r d .. fn other words , the :fo r .ution a nd cLosi n g 
01 instruct i ons Is independe nt of ce lls and 
r etu rn s -- any number 01 unparse rules may 
con tribute to the c reation o~ an instruction .. 

' : $o utunlt I 

l~ an equa l sI g n appears be~o r e a se ri es of 
outun it s , the cell bc in ~ to r med will b e a lite ral 
specif Ication .. In th e lit e r a L speclJJcatlon, all 
a u tunite aft e r the equal sign throug h the f irst 
output word termina t or (outerm) are used t o fo rm 
the llteral c~ tl. 11 any li te r al I s n o t closed 
(ter~lnated) before an "nparse r u l e ca tt I s made 
(by a nad out or n od r et ), the rul e called wIlt 
co ntinue t o farlll t h e same lite ral .. 

At the appea r ance 01 t he outpu t termi nato r bo th 
the Ilt eral cetl a n d the instruction are 
c l osed . He nc e t h e lIt eral must be the la8t 
thin g put i n.. The address becomes the address 

t b 160. 1 

Ih16b 

t b 1 6 bl 

Ib16b2 

Ib16b2a 

Ib 16b3 

Jb t 6b3a 

o~ the literal . I b t 6b3al 

ou t e r~ ; tb16b4 

Ou t pu t ~ermlna tors (outerms' stop con struction on 
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the currcn~ instruction and in d J cate t he type o~ 
2 -bl t louri.er control that accolapanles the word a 
A:tte r the occu ren ce of the Qutorm the word is 
appended to the bln8ry output p r o g r alll and the 
sin g le celt workspace init i al i zed to zero ~o r the 
g enera tion o~ the nex1 output word . 

outunlt = 
OutunJts a r e the buIldin g b l ocks o:t instructIons and 
Literal cells . All outunlts through an oui e r"1 make 
up o n e ce ll . This p rocess I s i ndepende nt 01 r u t e 
ca l ling and failu re: a ny number of rules may be 
involved In rorml n g an in struction . Fo r a detaIled 
d iscussion 01 the ge neratIon of ouput see the Pro g ram 
Enviro n men t section. 

otesl t I 

An outunit may be an otestl .. (It it s presence is 
not in a IJteral Bpec l l' i ca t lon there Ig no 
sy ntactic rli1fere nce between thls occuronce of an 
olost t and a slngle elemen~ In an otest .. ) 
Semantically, how e ver, an interest ing thLn s 
happens It the o~os tt js a st rin g s t orage item 
termi nal node. In th is case the value ot the 
symbol i s wr itten o ut. If t he n odre! ls anothe r 
noo-termlnal node, the correspond ing u npa r BC rule 
i s inv oked as above. Other types o~ t erminaL 
symbol nodre~s (e . g ., g l ahets ) will result in 
compile r l'! rro rs. 

I [ l(eneXJl ,] I 

Ge n e xpB .hich are op tion a l are enclosed in 
b rackets .lust as optiona.l exps were In parse 
rules. 

rlotexp I 

The dollar expression ( dolexp ) is expl ained be l ow. 

if; La be t I 

A Klabel as an outunlt store H t he v al u e 01 t he 
spec l ~ l ed label In the addres s fi e ld or the output 
word bel n~ created. The label I s gene r a t ed if, at 

28 

lbl 6b4a 

1 b 16c 

l b 16c l 

t bt6c2 

Ib1 6c2a 

lb l 6c3 

l bt6c3a 

I b t 6c4 

I b16c4a 
lbl 6cS 
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.s. 

the time of re~ere nce, 1~ haa not been referenced 
be:fore . 

I 

The specified string is written out on the binary 
out put 5 characters pe r word .ith 8. nult character 
appended to the end o~ the str ing to satlsty 
conventions o:f the TENEX time- sha rin a system. rr 
an instruction word has been partially formed It 
is not a~fected, and work on It may continue atter 

tbt6c5a 

t b 16c6 

the s trlnS( has been p ut out . lb16c611 

u*s" nodn .. I I h 16c7 

• 

This construction aSSUMes a. po inter 10 a strin g on 
the node rei'erred to by the node name (nodom) 

described in the Node Reference sect i on below. 
Th is strin g is appended to the Dutput tjle 5 
cha. racters to a wo~d with a nutl character 
~ppended to the e nd of the string . As above, 
pa~tially £ormed instruction wnrds are not 
a~~ected by the output o~ a string . They will be 
put out, upon termination, n~ter the Btrina. Ih16c7a 

This construction appears here rather than 
under pvalue below with si~ilar con~tructions 
because those constructions all refer to au put 
unLts which would fit In o ne word; ~ string 
could, however, be many words Ln len a th. Ib16c7al 

oped lnetr I 

Used ~or insertin~ band coded assembly lan g uag e 
instructions as In parse rul os . 

Idseq t ( genexp ') I 

This conH tructlon saves local va.riablcs as did the 
correspondln8 conBt~uction in parse rules. The 
values o~ the flag s and vari ables speciLled by the 
list ot lOs are su.ved whIle the p arenthcslzert 
g enexp is executed. The values of the flags and 
voriable~ a re restored upon completion ot the 
execution. Recursive saves Bre permitted by this 

Ib16c8 

lbl6c8a 

Ib16c9 

conBt ruc~ion. Ib16c9 a 
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A primJ~ive value (pvalue) permits the 
specif Lcation o~ words or parts ot words and 
al l o ws some Simple art thlllletic operations on these 
en~ities before being placed in the output word 
being 1ormed . Pvalue I s responsible tor 
dotorm injn g whe~her a value is r elocatable or 
absolute . This informatlon 113 used a~ Instruction 
~ermlnatlon time for the gene r ation of control 

IbJ6clO 

hi ts ~ Ibt6cl0n 

dol.exp == 1$ [nodrel I " SYMS"] [ 1 _] I ( "enexp ') 

The do llar expression constructi.on (dolexp) is used 
to Iterate over the ~ enexp enclosed In parentheses 
and is the u n parse construction that corresponds to 
the arbitrary nUlllber operator :tor parse r ules . 

Ii' only the "$" appears at the bea;innlng 01 the 
construction , t he parenthegJzed genexp is executed 
once $01" pach aub n ode of the current node. l~ 

another node is specified hy the nod~e~ part , 
execution takes place once ~or each o~ I~ s subnodeS e 
r~ "SYWSII i'ollo .. s the dollar si g n, the 1teratJon is 

I b16d 

Ibl 6d l 

over oil symbo l s in symbol atorage ~ Ih1 6 d 2 

Inside the genexp, a 'IS" ~ in a nodref Is 
jnterpre~ed as " the current node of this 
Iteration,11 that is *$ Is *1 the first time 
th'f"oug h , *2 ~he secnnd, e tc ~ , 1 f no no d re f was 
mode B. .fte .. the opening do l tar a1 .,; n 01 the 
constructlon . It a nodref *2 appeared a~ter the 
openln~ dol l ar si g n , a dollar sign In a nodre' in 
the ge nexp would re~er to the node *2 : 1 the ~lrst 
tiMe throug h, *2:2 the secon d , etc. Ib16d2a 

No te that a. "FAIL" may not occur in the gene.xp In 
ihis context. Ib1 6d2b 

The optional backarrow meana that the 1teratlon wil.l 
take place in reverse order . 

ou term = 

Out pu t terminators de terMinc th e type 01 loader 
control (2 bit code word) that accompanies the 

30 

lb16dJ 

Ib16e 



) 

) 

) 

T r ee Neta - FORMAL DESCR IPT I ON-­
Syntax and seman tics 

GSR I-ARC 23-J 1\N-7 3 14: 05 1 4046 

instructIon . They terminate construction o n a 
pa r t i cuia r ou t put ce ll, appe lld the cel l to t he ou t put 
tIle, and .initi alize the working celt to 7.c ro in 
order to construct the next out p ut word . A detailed 
diBSCUBsio n appears i n t he P r oli r am En viro n _ent 
sect l o n bel ow . l b 16e l 

• 

p v a lue 

I 

A "," means th e ce ll will be absolute unlesB the 
Jn st ructl o n co ntains a p valu e that I s relocatable. 
T h en it means the out p ut word wJll also be 

Ib1 6e2 

r elocatable. lb16e2u 

. /iUY ; I b16e3 

A s tash-number g ives the p rogra~me r the 
oppo rtunity to specify the 2 bit code wo r d 
hlfltse lt. lbt6e3a 

The code words ~or th e poP-t O a r e th e ~o ll owin g : 

0- absolute . 
1-- r e locatab l e ri g ht hal~ . 

2-- r e l oca tab l e l eft ha l t . 
3-- bo th halves r e l ocatable . 

l h1603b 

Ib16e3b l 

Iht 61' 

[ ,+ I 1_] value [ " 't ld] ; lb1 6t l 

Any value may be added or p laced In t o the o u tput 
word beln~ rormed In a man n e r dependen t on the 
typo of va.lue. 

A value f.ollowed by a f iel d speci~ l cation , t hat 
i s , an up-arrow (IIt") ~ollo_ed by a .tId, wl(l 
cause the speci~led 'ield in the output word to 

I b l 6t l a. 

be r eplaced by th e associa t ed v a lue . Ibl 6f l al 

A v alue th~t i s an opcode w ill be QRd Into t he 
opcode ~Ield of the o ut put word . Ibl bf la 2 

All othe r val ues _ Ill be added into th e output 
word . A qinus s i g n subt r ac ts t he value from 
the word or p l aces th e ne gative of t he value in 

at 
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the field . A negative opcode has the same 

1404 6 

et~ec t as a pogitve opcode. lbl6fta3 

CAOT l ON : Pvalua de termines whether or n o t the 
output word 1s reloca~able and sets a rlag used to 
de ter~ ine the loader con'trol word when the output 
termina10r appears to close an output word. A 
p value ~ay be a value expression which , a~ we 
shell see below, may Involve a p lus sIgn . In 
sp ite ot the "tact 'that each p Vl;llue ... .1thout 
specif i ed fie l ds through th e outertll I s added into 
the ou'tpu't word, the vulue o f th e loader control 
wo r d depends on th e to rm ot the exp ress Jon. 

If, for example , the ou t p ut word ls rormert from 
the serIes of pvaLues and out e r~ ". 2 ,I' 'the 
word wlll be the cur~ent value of t he location 
counter p lus 2 and will be relocatable because 
"." Is relocat a bl e . On the other hand, 11 the 
word Is ~or~ed 1rOM ".+2 ," the word wiLl be 
absolut e because value wltl calculate the 
result or the a rithme tic exp r ess ion. Take care 

I b t6fl b 

in the specification of o u t put words. tb1 6~ l b 1 

Ltd ':; . UID; 

A f ield spec ificati on (~ld) I s a n UI O wbLch was 
dec lared in the header to rep re sent a fiel d in an 
output instructIon word. 

Node r efere n ces 

no d r ef ':; '* nodnrn ; 

A node reference (rl od retl in an un p ... rse rule re fe rs 
to 0. tr ee node r elative to th e current no de . It 
beg ins with an asterIsk and 1 9 fo lLowed by a node 
name (nodnm) BpeclrJcatlon. 

In a pa rse rule the n odre~ r erers to the (-stack . 

nodnm 

tb16 g 

lb16g1 

t h l 7 

lb17 a 

I b 17o.1 

I bt7a2 

1 b 17 b 

A nodnm speci~ieg the node or K- g tack in a nodret and 
related construct ions ( for exampl e , n* 5 " and u *V"), Ib17bl 

(.NUM I . $ ) $ ( I: .NU"' ) I I b17b2 
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Syn~ax and seman tic s 

Values 

• t D 

Tbe NUN - colon - ~UM chajn pe rmit s 1he 
specifJcat ion at subnodes o~ th~ current node. 
Each colon - NUN i nd l.ca1es a eubnode ot the node 
a lready Apecitied. (Thus *1:2 J~ the second n ode 
under the f i rst Bubnode . ) Ib1'7b2a 

The dollar Ri g n appears as the 'f irst element in 
such a chain In a aenexp over which an 
iteration is bong done . The do llar s i g n 
r epresen ts the current node in the iteration . 
(See the explanatlon o~ the d ollar iteration 
lIIode above. ) tbt'7b2at 

tn a parse rule the nodnm reters to elements put 
on the K-stack by the current pa r se rule and the 
rules Jt has called. The first level nUAlbers 
correspond to tho order in which the K- stack 
elemente we re placed on the stack-- one tor the 
fi r s t, two ~or the second. S Jnce ~ree branches 
may ba v e been created In the parse rul e, 
sub- structure reterences may stilL be present . 

I 

Such access to th e X-stack does not cause 
elements to be popped aLl the stack . The 
" SD I SCARO ti construction ser v es ~o r thls 
pu r pose . 

An (D re~ers to the contents ot the g l Oba l 
varlable specified by the 1 0 . ThJs construction 
is usu~lly used al ter s torin g the hash number of 
st rIn g s t o ras e Item in a g lobal ce lt. 

\hl7b2b 

Ibt7b2bl 

1 b11b3 

• 
Lb1'7b3a 

".I D " l bl'7b4 

The ID is entered In the strIng storage area and 
is r e£e rrod to as I~ It were a node. 1 b17 b 4a 

l ,bI S 

value = term $( , + value / f_ v alue ) ; t b l S a 

A value Is an arjth~etic expression made up o~ a 
series o _f terms sep~rated by th e operators "+11 or II_II 

indlcating additIon and subtraction respectlvely. 
The result is a sln u le 36-b lt v alue . 1bl Sal 
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term = p r! 1II S ( 11.*" p rlra / ";/" prim) 

/It. te rra i s a se rIes o-t primJ tl ve s f prim ) separat ed by 

th e operators "; * " Ilnd ";/" indicatlon g 
multi p LI cat ion and di vi s ion res pectIvely. These 
ope r a t ors thus have hlAh~ r p rec ede n ce In a n 
ari thmet ic v a lue expressIon than th e add ition and 
sub~ractl on operators~ 

prim = 
A prtm is the mogt p rimi tiv e teve l o f v a l ue . 

. NUM I 

A numhe r I s Ju s t the value of the number. 

oped I 

An oped Is tbe v a lue at an O f n dec lared t o be aD 

opeade In the h eade r or predefined In the met~ 
co .. p i L er. 

I 

S etnm i s I'L n DID which was se t to a parti cu l ar 
valu e In the header . 

'* [ 'V/IL/' N/' C/' Q] nodnm I 

An ~sterisk-nodnm (_bleh i s n nly a nodret) mus t 
p oint to a terminal node (symb ol ~able e ntry) and 

1 b 1 Bb 

1 b l Bh! 

Ib18c 

lbl Rcl 

I b18c2 

Ib1 8c2a 

I b l 8 c J 

I b18c3a 

I b l Bc4 

I b18c4a 

Ibl 8 eS 

indicates the value or the symbo l. Ib1 8 c 5a 

The optJonal characters indicate! Ib tSc5b 

v the v a lue 01' a symbol tahl" e ntry Ib1 8cSb J 

N t he 36- b it v alue in th e n ode Ib1 8c5b 2 

L t he l e n g th o~ th e sy~bo l ( assumes a s trln~ 

on t he n ode l l b 1 Rc5b3 

C the characte r code In a single charac t e r 
node 

o th e number or BubnodeA 00 t h i s node 

34 
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".I D " I 

• 

An 10 in si n g le quo te s i s en tere d in strina 
s torage i~ It 19 not already present. The 
construction denotes the value o-t the ID symboi. 
ft Is si~ilar to a re~e r e nce of the "fo rm !I*vt'l 
excep t ~or the explicit spec ific a tion of the 
sy I1tho 1 • 

I 

Po int specl1'les the value o _f the Locati o n counter . 

.ID[ ,[ S( ',)node1. l ']] I 

An ID denotes a g loba l symbol In the c ompi l er 
p rog r tun. The o pt ional n ode co n st ruction par t 
ftS8u~e8 the 10 Is the name of a value rule . It 
will be ca t~ed with the indicated node st ruc ture 
a n d , upon 

pr j",_ 

" RSH ( II value 
n LSH( II value 

" MASK( " value 

r e turn, 

. ) . NUM 
' ) . NUY . ) . NUM 

the returned valu e used as a 

I 
I 
I 

Values may be shJLted snrt masked by a~ounts 
indicated by the nUMber to obtaln new values. 

11"'\S8(11 nodre~ I) I 

Lbt8c6 

Ib1 8 c6a 

l b 18 c7 

lb18c7n 
1 b t BcS 

Ib1 8c8 a 

1 b i Bc9 

lb1 8cAa. 

I b l Bc l O 

The hash construction ohtalns the 10 bi t haHh 
number for a symbo l . lbl Rc l On 

.- p rim; lb18c lJ 

The n ega.ti ve 0"1 8. prim may be spec: l:tled by a 
siGn followe d by the prim. 

Dl inUB 
Ibt Bclta. 

set nm = . UID; 1 bl8d 

SetnM Is a n UIO which was se t to a pa rticu lar value 
1 n the h e a der . 

Asselllbty code 

A limited asse~bty code i s permitted. S ince it has been 

3S 

t bl8d l 

ibl 9 
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used so In ~ r equen tly. its co.pllatlon 19 at present 
optio n a l, and Lts constructions will not be d i scussed 
here . 

instr 

[reg str ' ] address ; 

address 

[ oj ' = I:Ld r / a.dr) [index] ; 

reas t r = . U r D I . NUM ; 

I ndex ='( r egs tr I) 

ad r 

.ro I 

• SR 1 I 

,- liter I 

r e g s tr ; 

titer = • NUM ,. 

36 

1 b l 9a 

1 bl 9b 

I bl9b t 

lh19c 

I n l ge l 

1 b l 9d 

l b l ge 

Ibt9f 

l h .1 9 i'l 

lb1 9t2 

Jb19t3 

lb1 9 -t4 

Ibl9g 

Ie 
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Compiler header 

program = 
I' F TLE '! .t o [ " CHECKI'] I' META II .[ 0 
II END" I 
"LI BR A RY " $ .ID ; 

h eade t t = 
II FLAGS:" !i .I l) 'i 
"ATTRIBUTES: " $ .I D '; 

$ .1 D '; 
$ ( • [J ID 

I 
I 
I 

'= . NUM ) 

. NUN I 

" DUMMY : " 
t' OPCQDES : II 

" SET : n 

" FIELDS :" 
" SIZE :" 

$ ( . UID ' = 
$ ( . UID "= 
$«' S /' N. 

[" • NUM 

, . 
• I 

I' K I' N 

"ERROR : II sen exp '; ; 

'Rules 

r ule 
synrul 

gynrul 

• I 0 ' = 
u"prut 

• r J) 

• I D '/I { 
• [0 :IJ ( 

= 
I unprul; 

exp , . , 

# n od1:s t 
#norl t st 

. • 

"=)" 
"= ) " 
": =" 

g enexp , . , 
genexp t; 
vale.xp '; 

Syntax expressions Rnd subexpruss l ons 

oxp 
y (' / >subexp; 

subexp 

[ '-) fI ( s test I ntes t 

Test in g syntax elements 

steat = 
'. ul d 
,ID 
. s. 

I 
I 
I 
I 

I ( exp I) I 
n?F" . 10 I 
"? iil" . 10 I 

J 7 

I; 

#heade lt 

, . 
• ' . • 
' : 
I ' G 

I 
I I 
) ; 

I 
I 
• NUM 
/, L) 

Nrule 

' ) ) , . , I 
' = • NDM I 

leI 
lela 

lclal 
I cla2 
lclb 

I e l hl 
lclb 2 
lc l b.3 
lclb4 
l clb5 
lelb6 

lelb7 

lelb8 

1e2 
le2a 

le2a1 
ic2b 

lc 2b L 
lc2e 

1 c2e 1 
le2c2 

lc2e3 

leJ 
Ic3a 

lc381 
lc3b 

Lc 3bl 

Ie. 
lc4a 

lc4al 
lc4a2 
lc4a3 
lc4a4 
l c4a5 
lc4a6 
lc 4a7 
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"+, II I "_, II ) • CRR; 
uld = 

"UfD" I "ID'1 J "NUM" I "~ SR i' I 'I SRI" / .I CUR II ; 

Non-~estin~ elemen~s 

ntest = 
': nodeon , . 
".CRR" 
'[exp'] 
eontrl 
sen 
11:[" ae nexp I] 
l oped instr 
• I dseq I ( exp .» 
'& (IIMAR'K" I "UNMAR K " 
" eLAHEL " 
"SD-ISCA. RD" 
( '$ I 11.$11 I 'N I II.M 

sen = 
"_)" steat i 

oped 
• U r D; 

j dseq 

= 

= 

I 
I 
I 
I 
I 
/ 
/ 
I 
I 
I 
/ 
I 

) [t< stest ')] stust ; 

Node eonAtructlon and executIon in parse r ules 

nodeon = 
.T D [ , [ 
' = value 
oped 
g lo.bel 
.SR 
. SRI 

nodell = 
• NUM 
'$ 
n od re t 
nodeon 

oped = 
.UfD ; 

.u;labe l := 

/ 
I 
/ 

Ii (' . >node·U ,] ] I 
/ 
/ 
I 
I 
; 

'# gre~ I IIGNII ~ref ; 
g ret: = 

38 
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le4a8 
Ic4b 

lc4bl 

le 5 
Ic58, 

leSal 
Ic S0. 2 
teS8,3 
leSa4 
lcSa5 
le 50.6 
lc50.7 
Ic 5 a 8 
)c 58,9 

le 50. 10 
le50.11 
lc 5o. 12 
le 5o.13 

1 cSb 
lc5bl 

leSe 
J e Sc 1 

lcSd 

lc5d I 

le6 
Jc6a 

Ic6 o.l 
le 6 a2 
le6a3 
le68.4 
le68,5 
le60.6 

1 e6b 
le6b l 
lc6b2 
lc6b3 
lc6b4 
le6c 

lc6c 1 
lc6d 

le6dl 
le60 



, ,. 

) 

) 

) 

&SR r- ARC 2J-JAN-73 14: 05 
Tree ,'detu - SYNTAX TABLE 

I t I ' 2 I .10 ; 

Cont r o l s 

contrl :: 
' E; IF (' S t' R ) 
· s ca ll 
, S usgn 

Idseq 

' S 
' S 
' S 
' S 
' S 

" G II II iii! rei' 
" HA¥E " [nodre:t J 
" SSS " value 
IITA BLES " 
!I F All." 

" TRUE " 
• > del 

, , 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I '. ' ( 

(' st i R ) 

lilllesgelt 
ldseq 
• > ; 

[nodret] I 

eft t1 

• f D; 
asgn 

• ( D'_ v alue / @label ); 
mesJ![et t = 

.SR I !' LOC " I "LI NE" I nodrc~ I value [ ' B]; 

Defi n! tions 

der = 
("Jddl( 
g label'" 

.- value ]; • t not permjtted with 

del t = 
.I D / . SR I nodref I g label; 

Output rul es 

Unprut 

• tD 
.lD 

• [ 0 

II( 1Inod t st 
It ( Nnod1: s t 

Node testi ng 

nodtet = 

"=) " 
"= ) 11 

":=11 

ge nexp I ; 
p;enexp I; 
valexp '; 

"[ S]" I I[ $: < ', )Jtem ,] ; 
item =-

39 

I 
) I 

; 
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l e6e l 

Ie? 
l c78. 

1 c7al 
lc78.2 
1c7a3 
lc78.4 
lc78.5 
lc7o.6 
Ic7a7 
tc7aS 
lc7 8.9 

lc7al0 
lc7o.l1 
lc7a12 

I c7b 
I c 7 bl 

lc7c 
Ic7cl 

l c7d 

Ic7dl 

le 8 
le Ba 

le80.1 
l eBb 

le8bl 

le9 
I ega 

le9al 
l e9a2 

le9a3 

t elO 
l e l 0a 

lel Oa l 
leiOb 
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,-
' .. udts t 
oped 
' N g re"f 
(.t D I '7) Snodtst 
nodra"! 
.NUN 
• SR ; 

u d t s t = 

E;SRt -ARC 

I 
I 
I 
I 
I 
I 
I 
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I' U'D" I 11 1D II I " SR I' I " SR III / "eRR" I "LA BL" 

Out pu t eXp r ess i ons 

~enex p = 
#(otest I g e nelt) $ ( '/ ' late st / g ene t t) ) ; 

Value rul e expressions 

val e xp = 
'Hates t / value) $ { " IHotest I v alue } ) ; 

Output -t es ts 

ote9t = 
Ii ("?AND'I)otest l ; 

o tes t) = 
nadou t I 
nod re~ I 
t'?F" .ID I 
117,))" .. to nodr e.t I 
, ( 
'7 
'7 
, 7 

uenexr· 
[ "I FIt] 
["IF"] 
[III F"] 

, ) I 
I S .t o / 
"LAST " I 
nodtst I 

, 7 [ " (FU] v alue (1'):11/11 (= '1/ ' >1 ' ( /'=1' # ) value I 
"7NOT " otest1 ; 

Node const ruct jon and execu1:ion in un parse rules 

nad out = 
.10 I[ $ < ', >nodet2 I] 

nQde12 = 
nodref I nodeo" ; 

40 

JclOb L 
lcl Ob2 
lclOb3 
lclOb 4 
lc1 0 b 5 
lclOb 6 
l e l Ob7 
l c l Ob8 

I clOc 

J c I De I 

l ell 
1 ella 

lellal 

let 2 
I e 120. 

l e t 2a l 

lel 3 
let 38, 

l e l 3a. l 
lel3b 

l e l 3 b' 
let3b2 
l e t 3 b 3 
1c1 3 b4 
l e tlb5 
t e I lb6 
l e l 3b7 
le 13b!:1 
l c l 3b9 

l etlb l O 

l c 14 
lel4a 

lc14u.l 
Jc14 h 

tct4b l 
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Outpu t gen~rutlon and control elements 

contrt ; 
g enett ~ 

outet t / 
outelt = 

ou-tun 1 t / 
'= $outun 1 t / 
outerm 

outunlt 
o test I 

= 
,[ Ae n exp 
.S. 
I S dolexp 
g labe l 

• 1 
I 
I 
I 
I 
I 

• 
• 

oped instr / 
idseq '( genexp ') / 

"*S" n odnna 
p v alue ; 

ou t e r m = 
I • 

dolexp = 

I 

• NUll ; 

[nodref / " S YMS "] ['_1 t( 

pva lu e = 
[ ,+ / t_J vatue [If tld] i 

ftd = 
• U I 0 ; 

Node re ferences 

nodrel = 
•• nodnm • 

nodnl1l = 
( • NUN I . . ) $ ( . : • NUN) I 
.ID I . SR ; 

Values 

value = 

g enexp 

tel' '' Ii ( ,+ value / ,- vatu"" 
te.rm = 

prI m $ ( ".;*n pri"" / ";/" prim) ; 
pr im = 

• NUN 
oped 
setnm 
'* [ IV/IL/ ' N/IC/'Q] 

41 

I 
I 
I 
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let S 
lel Sa 

I c LSal 
lel 5b 

lelSbl 
le1 5b2 
lel Sb3 

le1 5c 
Le l Sc l 
l e l Se2 
l e L5e3 
lelSe4 
Ie l ScS 
lcl Sc 6 
lelS e7 
l e l Sc 8 
lcl 5 c 9 

le15d 
lel Sdl 

lelSe 
l e l Sel 
lei S" 

lc15:fl 
J elSa 

lct 5g t 

l c 16 
lc1 6a 

Le l 6a l 
lct6b 

l e l 6b l 

lc1 6b2 

teJ7 
le 17a 

l e 17al 
lc17b 

t c 17bl 
l e17c 

l e17c l 
tct7c2 
lel7e3 
1 e I 7c4 
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" . TO tl 

• • 
• I D [ I[ 

IIRSU( TI 

"LSn( " 
"MASK ( I I 

$ ( 1, >nodelL 
vatue I) . NUY. 
va.tue ') . NUN 

value' J .HUM' 
"I(ASH(" nodre1 ') 
t_ p rl ,. 

sct n m 
.UI D; 

= 

Asse mbly code 

ins tr = 
[ re llS tr I, ] address ; 

addreoss = 

• 1 1 

[iii] (' = adr I adrl [I. ndex]; 
regstr = 

.Uf D I . NUM ; 
In d ex = 

'( re i!lst r I) ; 

adr -= 
• r 0 
• SR t 
1 _ 11 t er 

regs tr 
liter -= 

• NUM ; 

I 
I 
I 

42 
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I c 17c5 
lc17c 6 
lc17c7 
Ic17c 8 
l c l'1c 9 

Le17el 0 
lel'1 e l1 
le1'1el 2 

lel'1d 

lc17dl 

lel 8 
l e l Ba 

le1 8 al 
leI 8b 

Lel gb l 
lclRe 

1 c 1 8e 1 
lel Rd 

le18d J 
1e18e 

le1 8e l 
lclRe2 
l e t Re3 
le1 80 4 
lel8" 

le1 8r l 
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