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SUMMARY

Hiroyasu Takase *

Nuclide transport through the heterogeneous media often indicates a number of
exotic behaviour such as channelling, non—Fickian dispersion etc., reflecting
the fact that the microscopic velocity field is never uniform nor an ideal
Gaussian distribution. From the Performance Assessment point of view,
Quantitative expression of these behaviour becomes important since these can
lead to formation of the fastest paths and, thus, dominate the release rate to

the surrounding regions.

In this study, heterogeneity of the rock and its effect on the nuclide transport
was addressed based upon the theory of self-affine fractal. A prototype
numerical code MACRO-AFFINITY was developed with a number of modifications from
the original AFFINITY-2D code. Integration of the individual modules, which
were included in the AFFINITY-2D but in a rather separated fashion, enables the
user to run the code efficiently, without detailed knowiedge of the programme.
Also use of AVS (Advanced Visualisation System) provides a graphycal user
interface in which the user can see the real time monitoring of the calculation

in progress.

With MACRO-AFFINITY code, a number of further discussions and calculations were

made on;

(i) the methodology to construct an anisotropic fractal field,
{ii) comparison with the experimental results of the MACRO preliminary test,

(iii)verification of the fractal scaling law by comparison with Tono site data,

* Nuclear and Advanced Technology Division, JGC Corporation



(iv) possible incorporation of 1inear/non-linear sorption and colloid transport
in the BIVINITY particle tracking algorithm,

{v}) simulation of nuclide transport through the near field host rock.

Based upon the discussions and calculations mentioned above, it was concluded
that the self-affine fractal approach is capable to simulate the dispersive
effects on the nuclide transport due to realistic spatial heterogeneity and that
the validity of the fractal field model and of the flow/transport model on it
can be demonstrated by further comparison with the MACRO experimental results

and the in-situ transmissivity data set.

Finally several R& items, which are required for the future use of MACRO-
AFFINITY as a core of the Performance Assessment on the natural barriers, were

identified focusing on its application to the near field problems.
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The variation of grid cell fluxes with grid orientation. Flow directions are
marked with the solid arrows, and outward fluxes from each grid cell are
denoted with dashed arrows. Top: flow parallel to grid cell edges. Bottom:
flow aligned with grid cell diagonals.
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Particle positions (left: at time t=to; centre: t=to+ At; right: t=to+2At)
computed using a particle tracking algorithm that does not relate the exit
and input boundaries. The key indicates the number of particles in each
cell. Top: flow parallel to grid cell edges. Bottom: flow aligned with grid
cell diagonals.
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Outward grid cell fluxes relevant to physical particle transport in uniform

flow aligned with grid cell diagonals.

ﬁ;.4—3 BB R ERT RO RS v F UV AF— L4

23



Pl P
<] 1V L > ... \1\ _____ >
\ \ N x\\\\\

@/ .:‘\ -._ (b} |~. \--.:. “~

v v
RN E L% o
NS TR
- A i : ~]
R u.._'// vV _le» !‘-b \Vx\\ >

K":-\* £ “.\ \‘-.‘ ]

© ViV /] @ | S

Four combinations of grid cell influxes/outfluxes (dashed arrows) on the
three boundaries of a cell with influx on the top boundary. Generic sets
of streamlines are also marked (dotted lines). (a): outfluxes on all three
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Streamlines for a grid cell with outfluxes on two adjacent sides (bl):
streamlines from the input boundary to both boundaries with outﬂuxgs;
(b2): streamlines from the input boundary to only one outflux boundary.
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Particle transport in flow aligned with grid cell diagonals, computed using
the DIVINITY particle tracking algorithm. The key indicates the number
of particles in each cell. Top left: at time t=ty; top centre: t=ig + Aty;
top right: t=tp + 2At;; bottom left: at time t=1y 4 3At;; bottom centre:

t=tg + 4At1
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FAITBWL, b, TR SRILICERE 7Y v 7 LT he2ERES
W L. Write Flow Fileld Output &£ % %27 V) v 79 HIEimE & REkiICH A EH
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{FITid. AVS MACRO V 1.0 v 1 > K7 dDFlow Solver K # ZHEFIERE L,
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e ST 7 EDEEES XN & &5,

@ duration of release
b U — A DS, < OBBATI. FF L0 =5 4 7 L3
Fexi, PL—HEABMBETD N A~F4 7 VEHIEE—FBICBRIchd, #-T, &
DEEE 0 & LtBaic REAT— R LRIREB D, FATHRIE (DX
@) £V bEVBEEEE LBARAT v ik, BOEBEAEE LB
AEROEA T — FARSND & &1 Bo

® D coefficient (uf/S)
S FIREURE

® Scale Factor
= F 4 2N IS F U TBICE T Oy VRICEET /T4 7 LVEAE
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REENTLORIZRET B, COER0 & LB, /=547
IWREFE & UTFHNICRR IS,

@ Exit Scale
R=F 4 TABRINIHH T AUNBOARERTER M S LOESERE
T AHREL

GREY SCALE
CDMNET U ENTTEE, A5 LADEIICMEITZEOREKEICL-TH
=T 4 PVBHERENE, (S=F 4 2B VESICHT, HAPH
{12 BITHE > CRBAEZALT B )

@ SPHERES
CDMTNERYT L ZNTTBE S—F 1 JNEBRAS LATHRERELT
FRENB, TOEAICIEScale FactoriIFEROBEEFE T B34 -5 &1
bo Ffei TOE~FIZEHEWTH, GREY SCALEZON, OFFWTFhoOlE LT3 2
& HHRETH %o

@ EXIT COUNT
COMFVRS L ENZT B E, TREREIS =74 7 VEBMEDSH
ZRTER NS LNEREINS,

PlEORFE%AT > 7281, RUN TRACKER Ry %7 ) w o3&, /=74 7L
Dy ORBEERRENRRCHIBAEN D, (K2.4.1-8 )

R=7 4 7 VEBOBERBRIZHWVWT, TR E L TREKREE, Eham.
BUST Ly —FREEDI BVWTAD—DEBRIENTE S, ZOBR T2~
—DORBIEI LICBINNIRL, BER. T4 XFLI1OTILd 55 04
FIoEI7V 9 7TRILICE-TiTHhN 5,
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TIME=250000.0
TIME=450000.0

TIME=400000.0

350000.0

v
i

TIME=50000.0

TIME
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BENT (0%, BEMCESHR) =T« 7 ILEBORRET 510D
3y A4 LRAFy TINSWEPRWA, COFBEIZRYIab—Y 2 Y OBER
athke UTIEBICR(NB LV BRENET 2, BRBENRT A LAT v TZR
Hdiedicid, T KERIALRT vy TERVTY I 2ab—Y s VORTE
B (IR, £TON—F 1 7 UHRRSNITHE T 220kM) 2RE L, &Kiz/<
— 5 4 7 VOEBPIEOMTRBRIIRA IS A L ATy T2/hE L. Ihe
REFMLTT A LATy THERECEBLEVWIBMEZT I CENBRTH 5,

R=F LIV vFVTORERERELT. =T+ 7 VOEBEDE % %8
BeLTRSIECMAT, 2~ —EEHRR O RREEHRERL & b
T& 3, COHITIE, 9 Breakthrough CurveRy %7V v 7 LTS RIZON
SR AT Y v 7T B, T T, NORTH, SOUTH, EAST, WEST & W5 l-mD 5
VARG Y RIEFLVEBREBECEORR (G, &, £ T) kxhEnzml
THH., JITHRESNLERCDVTORBHBENRRINE L L5,

EXRF A Mr—RCR TR, NORTH BEROHNFZANSOHOTHY ., IhZEfF
E LIBE I OAMBHRIRTI NS, BBMAN T v 7ETERL TV
D= F 4 L bS5 vF TN RFEBRELONRTHD. §MLAT Y
TERKEL EBBIDHREEL LS, Fo. S SISCIMULATIVER? %22 Y
v 795 & BREAMHE (K2.4.1-10) BRREINIHICL S, BHoMHOBE
ERZEBICE. OFFES V%27 v 7T 5 IHDETHE, hEMNCLAE
FRDI=F 4 IS v F o T2fT5e, SHEHBEMETTHILENLS,

BENETERENS NI LVORERD/ S A — s EEBE U, /$—F 4
o LEBARET BB, UTORENDELL B,

(i) Recorder® & %27V w75,
(i) Write sequence 73 VH—%2BWT, BA7 7 M VOEHL Y1 T 5,
(i) 9—=vF Ky s AOFDErase All X7 &7 Vv I7HA7 74 LD
BENEWI & EERT 5
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(iv) ON Ry ova2r7Jvwrd5h, (LOBEMN, FFRS 2 Z2) 9053
EFT. FA AT VADNEHRINB LTI OBREIFEINZ L L7
%o ) .

(v) CLEAR PARTICLESE S v % 2~3M@Z7 Y v 795, (ZOFEFITLD, &
O DO I < I HHORENRNG L &85, )

(vi) RUN TRACKERE S > %7V w7 LT/ =F4 7 bS5y F v 7 2BiET 5
o (BEETVWEASHELEED27.DHICE. HELY bETHREER
{185, )

(i) N—=FA4ZNPTvFITPRT LIEBETOFRS 27 v 795
o CHETHHEWE, BAT7 7 A VIZFEFEIKZ L IDEE-TLED
RN S B, COBSTHRERRT T3HEIERETH 5, )

T, EEcEEREIC, £9Particle Tracking RF %, H\ Theview A

nimation®Hs &7 U v 73BT LR K-T=F 4 ZIN T v F v TDRN

PEUSH, W TEHEFERAO/ IXVIERN S,

(5) EyEOFELE

BB D R — D DE Y 2 — DK Do 74 AT LA IS
EFENY, RTINS v FVIORF v Ty sy hETIRDERS v
A THBT 2L TR0, EETAIERTER,

FEIN/FEREFTHTITIE. Read Sequence 77 7 H—(2FWT, 774

LY R bDFDest 1. seq 27 1) v 735, BIEOBEDIHDORIED. &%
DEFFF v F L2 A FET VBERVWTIT Y. BB, ARV I3EEAICE)
BEBEBEEL. Al BV RBI<BEDEIT), £/ RS VRBELETHD, Ak
| AL BBEFAERICT S, ChoDTichdFRT i3, BEDY A 7 ILEE
FTE (U RA—, BOEBL. EFECBELLKIC, RS, %) . BE
., I7HMIBEY a— AR MR REh, EBOBHET + A7V 14 OFITR
b,
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%—Fmﬁﬁbn%xb#—zmomf%%%Miéc&&T%o
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2.4.2 fBr—2
(1} BAEFEEOESL

HEFZ R — R HIET BE—DNY - 5 Vid, FEES AR GRS
BRHRR S EAMIE B (EBORBTHVWONE NI A —XDREIC
BEENRHD. TOERE LT, BAERRIISIEROITEELMIE DESD
W) | EHEERE LTERS W75 7 7 VEKRESESESREDE Y b &
TWMTHILTH B,

CREFSBIcd. T Praclitter® Y2 —VEREIT 5L A TEE
r—2Z &L UEEET B, T LT, Flow Solver /32 N%E2FT L. BKER
HiIEAB|IRT 5, #KRIC. Quantization Levels =% > (Fractal Generation/<%
WEZHB) 27V v 7 T3 EICE > THBILET ) o bOBENREIN S,
I 2T numberFF R U4 v FOICHBALNLVOR( COTFA M —RATR
3) A TANT B, FIEHENTIORICHIELT (ZOTR M —ATIR3
) FitiTFFRA b7 4 v FyBE L30T, ThThicBitIhicBEKkER
Bl (COFA M —ZATR. — 2. —4RU-5) 281 TANT 5, 0K
ﬁt;af\XXGEKE%ﬁ%Mﬁ%ShtﬁﬁmﬁEE%D@%@KE%@
Zoh, FRbOBRbasnIN—Y s VICEBICERIN S, (H2.4.2-
1)

BLET. MBOSHE LG L BRI SN 75 7 5 LEKEHEIB SN S,
51 &4k ¢ FEIREH & HBEREIT I BIMER. BA Yy — 0B 2L
TH 5, BIOERBONEFILY—FERIR, EF 7 —-RCELT, Bohi
T0y S ROMEEESNS bDENS (M2A22) o KT A I b5y
Forof (B2.4.2-3) LT, EA1DOEEE (45, 5) EEELT.
BIT0/85 4 — S REEATS,
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(F£Z2 b4 F7)

time step(s) 5000
no. of time steps 50
no. of particles 100
duration of release 0
D coefficient (uf/S) 0
Scale Factor 2.0
Exit Scale 1.0

(hTHFEF )

GREY SCALE '  OFF
SPHERES OFF
" EXIT COUNT ON

(2 737 5 VIRFTTDOHERR
H_OREr— 23, METHICER ST 5 7 7 VBEKREEIHED 7 5
I NRE—=Y VIRIERELTWD L EDERTH 5. HEITI 29I, Flow
Solver Sk NZEEI+AEAETRINERUEBELT 2, (ZDBE TR
{EENFBRFEEBICONWTOT 4 v T4 VT EIEBD, FTROEFEDHIZD
WTHUTORERRAUTHS) o RISV FIT 94Ky 2s7 ) v 7L, B
73@0%%%9?%7Uw7?%2&t&0\EEE\NUffiAYm)%
HiEh, M ARGOMEM h M E LRSS 7B A( K24 14 ) .
IS I7HOEBEE VOFEETHD. RERIT - E3E C L OBRREICH
BLTWB, Fle. 74 v TV IVDERBONS T T 7 4 WRTTD & 480/%5 4
— 7 alB3FNTNTFFA T4 VFODHFREEREINDG, CDT4 v T4 7D
BEZRAZ-DIC, MAEDEL2EEETAILICI-THONIERN 7 1
v FOEEE (D : 2.433) L ENRTEDEEMN TV A EHENTRSERW (K
2.4.1-5) o BB, TDT 4 vF4 7T~ FELETT S04, BXIT CHECKA »
VERBEIERW,
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F#EO#EERIL. Fractal Generation®E Y a—MIEET 5, JOHEITE, Fr
acfitter® ¥ a2 — D 3FIATHWT, FIT RUCHO0SES UA K5 v &, DRU
AIDOVWTDTFFAIY 4 Y FIEERVTEEZT . bLBAAT—51y
O SREEOEEFTATONIE. I— FREBERNCT 1 v T 1 72TV,
RNUFAFTZLDTay bE D&Ufa@{ﬁ%iﬂ?é'%o WS HALT5SEE.

HBEVET 4 wT 4 VIRRERNTZDIEVW LR a DEZRFWAIESITIIFIT, €
HOOSE A% »EZHWTIhERET 5,

WTFROBE b, 757 F ARy = U ZRIZRE LI BRICACCEPTR S V%2 2 1)
9 3B LIk > TDRY a DHRBES N, 75 7 5 LEKEHBEROT
NTY Za~EELNB,

3) 7V v Fy4XOEE

IHETOT R Py —Z2RVTIER, WTRLEKBREBOERICHWV D
ERLCH A XD v FERBBINCRTOAVTW . LIL, EBRORRT
FEER FOFHMSHBMNARZNASIAE-X7Toy 744 XHFERINTHED
(5emX 5em) « &I TOREAHERER (RO Z7HICI. REBTEKI
FOENET ) FEDWTITOEREPLDELL S, ChETEE T SDH, Scal
e Grid®E P 2—ITh b,

Scale GridEY 2 —NTDPWTOFR M —RE LT, (IDT X b4 —ZTF
ow Solver /¥R ZE#E) L7 BRI, Scale Fractorv DTFFAMILABNZET
Ed, vVRDARY 2R3N TE, PLHZEVWTHIANESH Sh. FED7Y
vy FE2 X 2ICEESTILIcLo@ME )y FBNS (€2.4.2-6 ) o Scal
e Fractor & LTIIRA 8 ETHEFEINEN, JOHEICIE. BEROMEIZIZ
LY OREEET BRSNS JEICERT ZLEND B,

Ty Fo A ZEEELE (ZOFRA Mr—RXTIE, Scale Factor 2) . iREh
BT (H2.4.2-NEN—=F 4 7N b SvFr7rEBnTFRbinEFTELFEL
_ BIETETTBINTES, (BL., )THELA ML —HEALME 45, B
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HIZPELILORLTIRIELL T >TWAETZD, %ﬁf:fiﬁ (WA @7.5.2.5 )iz
BETLPEND B, ) |

4) 737 7 NEKFEERDREETEROT+Z AT

MACRO-AFFINITY 2 — FiZ. £¥2. 4.1 it RxEFT—HOEY 2 —LEHN
THRAF AT SRS S h TV B, 4 DEY 2 — LARBICHVSEZE BT
%3,

AT BRI TO3EKBESIC DWW THREBBTOAZPOE LW
B, O— FEERHT <“f:Flow Solver RV ZEEICFIH L. Read Fractal
Input®& v%227Y v 7 L. 779 2RWTERED 75 7 5 VEKRES =%
RLTED7 748 (A test 1 frac.ucd)Z27 Y » 7 L7, READ FIL
E Ry UERT, ZOBEICK-T, ST 5ERFESENEIEICR . i
WY BIREEITARIEEE 12 5,

F#EIz, Oarticle Tracking 7S JJL®Read Flow Input € 2 —NA2HE\WTE

FEOGEBITEE T 7 4V (Ehof. YV —iids ; FlZitest 1 flow. ue
DEFRUHTIEICE-T. CHICHTI2HEBEBRBRITEZPOET LN TE S,
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3. FEESMEEOBE L O S ARG T BB SRS R ORI
3.1 FEESEERORE

HWEREEOEZHN. TRLIOEFTEEZF L TWEEENE V. FHS. HE
SROHBIIBVWTIR, TOEREEEZRE L THELEHELETTbOLENE, &
DOFEIE. HBOFERBIMIC >WTHEIER L TEY., BEHEHRICIEL
HEELMREIEW, 2F 0, BHERITIE. AFFINITYTE FUALT RETHE OMHEHE
ENRRFHERAGENEENELEENS, 4] KEELDBERYA FOF—5+
v MI. COBBEHICHYTIFHTLH 5,

FETIR, BANEAEEEEE T 2B KEEBIC DWW T HAFFINITY 2 B ARG &
LTWwWL72iz, 9, COBCIR-1BTT 57 9 VR — VRl OETTR %
REL. RWT. ZhTREDORIE L3 2OFEERVWTREANE TS5 7 5 LBk
FRESE O =ERT 5,

3.1.1 7578 NLAr—LRIOEENER

BESHNICE A, AEEHIIZ 2 ORFIcL - TERsNL B, $—D LD, #F
SWEFL Y FhODOEEI( 503 TTH) ) OEITHY., ThESHITO
SEREVW0ILEBRERECL - THRENS, BORFII. COXFOL O EEFNIE
Ny-y?%O\:nu%ﬁvmx&—ww\%mminﬁﬁaﬁﬁww—wn;
- THEZ NS,

LRz, AFFINITY TR AEEBERERSOERISBV TV 22 DfF
WU ATEGOREMEL 2L IcL - TREMICAEEI bo—L L, &
fos Ar—NRIE LTENEFHOLDERWTORMEERE TSI itk -TH
CT 774V TF75MDI 5 REEDH TV R, RENLTS5 7 5 VBERD:
HIT, 7. FHNTBOERIC OO TOHENUFREEF IL(RTAHBIEL
T 5,
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WEOH 2EHEEOLHEE v&) €R » 28X, FFABTOVWTRIO v
PROBEWHRRET B HDET 5o

Ty (B =< vith) - v(x) |2> o h¥
Bl h=|b |
p; HurstfR%. p €0, D

COEBhEN2TO2 SRIRSWTERZE & ZBELTT,

TOE, v OIS AY BHEIES S LT, RONZFRAICHD D LML B0,
BEHBICHOT 774 VI3 HOTH B EMRIEZ NS,

CAvaR® = P CAVIDE

vx) 757 R LOBRETH D, bROCHIVERITED EIEEHN
ZF07 3 7 &7 T B BRIT,

Bf = nt+1-p

LB, L LEMS, UTTR. C073 78 VkeofRbbic, X4 —ILEl
IC X DEEEE L cHurst BE 0 ZHBRELTHRTEDSEIE LT 5,

Zr—NAOT Yy ha—ARLDBBRICITA3L51C. vx) OFourier K%
EZ 5 ( Bicadixggic, 0— FRTRERESISTHE L Chourier SEPRAVS

NTWVW3B) . BB, COBRFEREFNLBIIEVWTLRKRTS 2,

a(k) % v(x) DFourier Z#, HI5,
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vix) = [ exp2 7x. k) alk) dk
R o

£ B, JOR, ANT FIVERES (K I3,
S® = |aG* |

L1325,
551z, h ZEELABA.

< vt v > =

JIJ atk) aCks) exp[27 i (ke xths. xtk. h)] dkidkadx

MEOIUE, COFENPSELICUTIENMIMS,

v (h) < §  SG) {1-exp@ 7i h k)] dk
R n

ZHidKhintchin-Wiener® FE & I, RO O BERRITIEZIE( Fourier
ﬂﬁ) ‘:jh‘f{)&ﬁﬁ_ao

ST FHEOEBICBWTE, k = |k_| > ko IKBNWT SEK) ~ k- r2»

EfgELT, BHNRY by RO 0 ik-Th-hu k=kn EERTEE,
h—=0 iZBWT,
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o0

e (< J 1k [ 7[ 1 -exp@nzikhunlddnk ™" dk
ko - s

oo

< [ 1wt [ [1-exp@ziwuwn)] do dw h®®
koh 5

DA T B, ST, S OFIEMSEROANMEEREIE. RO D =0 i
BWT 1 - expQri kn) 0 K—HRICRKT BT &G,

Ty (o b, (h =0)
PEZEN b,

PIEOHEBRNERICESWT, AFFINITVRFREORy —VRIZHRET 28873
7 5 VBEERT B, OB, S ~ k72 ERBBRIT AT ASNIELE
12k - TFourier JECEMER L. CHEFEBRTEIEICK-T7 5 7 7 LEKE
HEMNE LI,

3.1.2 BEWNETS I 7 VEDIERFAEE L ERB

3.1 1 CBWTHBANIEHENLTIERICEWT, AL T 57 5 VIEeRITS
fedizid, SYA TS A

Py () =<] v - v® |*>
MR ML b ORSREOAE STHEIKET SRREEL BLEL S B0 UT

T, JOHOEENEAECODVWTHRHLIER, RUBEINII 2OFE
Wk >TERBFNIE TS 7 5 NVBEERLIFITO>WTELD B,
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1) BAHEHEROIY bo—LickBEHE

BANEREZERT 57 DORLMBUEFER. A7 PVEBEEXHETS
RO

S(}g,.._, k-(n+2n)
EROBICEETBILTH B,
ELSC ke ky )] o 1/[ ke 2+ ( @ ky )?] »r2+®

COREFAVTH. ¥ « BRUY FRIZOWTOD TS 7 4 VIRTRE—OF £ T
HAN, FEIZOVWTIRY FAIZSWTa? 2@ LTERTI LS,

X3.1.2 - 1 ICCOAETHEERLABRBAFNRE IS4 LE( 757 5 WIRTIE
WEFNDAMEIZD2WT H2 NOFIZTRT, BHF T, (a) BELIIEHFNNETH
B, 0);a=0.75 . (¢);@=0.5, (d); @=0.25 LHEBIZEFHENY L T35,

(2) BAMIIE AR PAEFHEH W -FE

LDFEE, FBENX7 MOFMIIHIELTARY M EBEEOREEEZ I~
hO—Lg5bDTHB, 2ED.n=k/ |k | &LT.

S(K)~ K (mHer

EVSETARY MIVERZER L, BUEENZ bl Nii AmoGE
pn) = p1  tj HEDHE p) = pr EBET 5o

COBRERED, NVATTLISHTBEER. B0 u A0 EFFEL

LRICKERIE D, KEE
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Ty (o JJ Ch*™ /w?®™* ) sin*(wu.n 7) dn dw
Sn

BEDIASTENS. h = 0 KBVWTIR, BSMT wn =1 OFICHILOHE
BABEENRKRENL S,

LA LESS, o & 1 EXETTE(wn - 0BEERVT, 2TOFHD
BEEARZ PLOFSIR 0 TRV, #-T,

p(n) = p, ( (. )>. i) ),

D ( (e D<) ).

LBELT . § FAD b KoWTORYA ST Al 1 &S BOHOK
BAEEHINPHEINZIFBIEEN D, DFD. CORSNIHE b Zo0WTR
RYF 7S LORFEREIY P O—-VBEEITI JENTET. HRELT(
YERENBIBIRT 5 7§ VRTRUSBOBETESIKEFNTRS2H) |
Ak, LB OMIFEEEERET ZHIC O VW TOHurst FELETLTLE
HS(EB 757 7 VRTRERTS) .

[3.1.2 -2 it ofFkickEa - BABOFIERT (D, = 0.3, p2 =
0. Do fERZNIIBITOVWTHKE, BEFEZTHATHUIFTLTNYA TSI LDT
4w FNET-ERE O cHurst BEU3 py = 0.32, p2 = 0.41 TH 5,

(3) BRDT7 S/ IR ED Y bo— T 5FE

COFEKE. ntl-p DRTEFTHHEANEAONB CLZBEL T, TOE
B( 7375 VRTEN-1 Don OfIZHB) D757 5 IVEEEREXEHOT
H%, LirLuEMS, diEOHurst HE & EROHurst FEORMOEENLRH
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coWTOER SN TEST., HED 7S 7 7IUEENEANTH - THER
DFRITDOWTREL DI ENTEIIN,

FREFOBER. LALENS, JOTRIEABTEIATVS, 20,

HELEEE LTO7 5 7 5 VIFENRATHE 2 E, #ERITODVWTOENZI Y
FO—-TB2ETHAE( TRER) o ¥4 bF—7 EEES SV IIKFOHE
HoBOLNEBH. CORERERICIEMEL -7l TVnS LWL
FITEMTED,

z=F(xy)
z
A
Hurst Coefficient p,
y R y
X
Hurst Coefficient p,
BERO7 5 7 4 IV EHEEORSK

COFHI, ROFCHFNCEFT S ILPTE %,

X  AECOWTDHurst #E py ¥y AEIC DO T DHurst 8 p. 2F T
 BEAILT T Y UBERDBAICE. ChEK YIKOWTERSBLT, £
heEho735 7 7 V50 EBET 51, ¢ ZFourier |ELTL D ERL.
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Flx,v) = f® gly)

EFRUZE Ve UL LIASS, P EMAETES bOICE SN, HEH
MBELEELTRT DOIBEINZ L LR, 22T ER0f RUy 28K
FRLTH, @ ; i=L...n0 BRE g O i=L...m. ShoORORHE
EBTEIRED. XD BMTHEEES &S BIEHLEL 1B,

m

Fzy) = Zf g

DIT. BBATER( BEVHEEER FEELLBA. £2. W (B3
Wit fe ) OERERINLSELLBYD.F Rg . (HE0EL ) ORE
CRIER B, LT, BU73 79 VRRER T AMEBOREMbE
RL77 7% MRTERT C Ebho, HKFE( EE) BRIZFEORLTS7 5
NRTEBD2HDEN B,

COFRICL->TERINAERANIL TS 7 5 NEOFH (D, = 0.3, p. = 0.7
Z[3.1.2 -3 IR T.

4) &%

PlE. ZNFIEEORIEE3 D2ORANT S 7 7 VBERFELZEE L1,
N SOFHROBHERBITOEMRUNEET 234 HORHEIKET 5700,
FOEHT—BEICHERT B EIIREYTH 5,

BLEFECRANNET S 7 7 VG ER LB A2FEIRFNLESEOa » ~O
—NEFTIIETHR, LI LENS, THEEORAENT S 7 4 VRTOH
MEEEEZ LELLOTHIBBICRIOFEFBERT SR TET. ENY
WARY FVEBDAWRIERO 75 7 YWD bo—IL%E(TH Z EH4WA
BEE15,
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WFHIZLTh. ERThOFESRAEEMZE L TVWSbOTHBLELE,
AT ITHREEMA T, EBOV A b TF— 7 ORTEAEOFHELHASNMNITS
2 & RUSFHROEFVBITEEORE S U T4 AN ERENIOWTREE
HANIDEBHENICLIRESINTZLTHEILENDETH 5,
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3.2

N IREETOABEHREROBT

Vb B DT T~ 7oAR1c. MACRO-AFFINITY I — K ORERER. BT O >0IEE
KT TERT A ENAIEETH D, ERZE L bH B,
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The original MACRO-2D simulations Top: conductivity field;
Centre: Darcy flow field; Bottom: pressure field.

2. 1—1 FETHEETOER (FEr—2)
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- Top: MACRO-2D conductivity field; Centre: MACRO-2D flow
field; Bottom: MACRO-2D pressure field. The colour scale for these fields
is explained in the text.

2. 2—1 HENTERFHZERL THFISRBITER
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The results of particle tracking simulation of transport in the
MACRO-2D flow-bed. Top: Tracer in the modified MACRO-2D conduc-
tivity field with k/r ratios of 2.78 x 10~% and 8.68 x 1072 s~1; Bottom:
Tracer in the original MACRO-2D conductivity field.
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The results of particle tracking simulation of transport in the
MACRO-2D flow-bed with modified conductivities corresponding to a 0.07
mm reduction in bead size. Top: bead size reduction in all grid blocks;
Bottom: bead size reduction in all grid blocks except in a 5x10 cm region
around the tracer injection point.
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MACRO-2D Experiment

Time=05h
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MACRO-2D Exg eriment

MACRO-AFFINITY Simulation

Time =4.5h
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MACRO-2D Experiment

Time =8.5h
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Simulation

Time = 125 h

3.2.2 —4(4) PL—VEAFEERORBRER L FNHEREOHR
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AVS
LICENSE
ADMINISTRATION

CHAPTER FIVE

AVS and its associated applications are licensed products of Advanced
Visual Systems Inc. Access to AVS and its applications (such as the AVS
Animation Application) is controlled by the Flexible License Manager
(FLEXIm) network-wide floating licensing system from Highland Software.

When correctly installed and functioning, the licensing mechanism is largely
transparent to the AVS end-user. Those conditions that make the license
control visible to the end-user are discussed in "Using AVS with Licenses.”
This document is available online in the file fusrfavs/licensefuser.ps, where
users can refer to it to understand, diagnose, and solve licensing problems
that do not require administrator intervention.

Depending upon the type of AVS license purchased from Advanced Visual
Systems, you will be able to control access to AVS in the following modes:

Node Locked Licenses
Restricts execution of AVS to a specific set of host systems, with n con-
current users per system, where 7 is the number of licenses purchased. n
may vary from system to system.

Floating Licenses
AVS may execute on any heterogeneous host within a UNIX network, up
to n simultaneous users, where n is the number of floating licenses pur-
chased. Customers may purchase separate floating license pools in order
to support separate, independent work groups.

Mixed Licenses
Allows a mixture of Node Locked and Floating Licenses.

Within these license categories established by Advanced Visual Systems,
you, as the license administrator, can further regulate access to AVS by any
combination of these criteria:

e Allow access to all users, while reserving license(s) for specific users,
hosts, displays, or groups of users.

e Create a list of users, hosts, displays, or groups who are allowed to use
the software.

e Create a list of users, hosts, displays, or groups who are not allowed to
use the software. '

Introduction
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introduction
{(continued)

*  Specify a timeout that will return idle licenses to the pool for use by
other users. .

Different AVS apphcatlons may be governed by different licenses. For exam-
ple, AVS itself requires an AVS license. The AVS Animation Application
may require a different, separate]y-pu:chased license. ‘Each aspect of AVS
that is govemed bya separate license count is called a feature.

A Brief Version of
the Story

This section briefly summarizes the licensing mechanism and describes how
to install it. If there is any aspect of it that is not clear, refer to "The Deétailed
Story" later in this chapter that describes each component and their interac-
tions in greater detail.

The Mechanism

When AVS or one if its associated applications first starts, the software will
look for a license.dat file. Finding this file, it will contact a program called a
license daemon running on a host system somewhere in your network. The
license daemon finds another program, the AVS vendor daemon, that is also
running on the remote host, and gives it the program'’s request to run.

The AVS vendor daemon compares the "check out” request against the
number of simultaneous uses allowed in the license.dat file. If there are still
unused licenses available, it gives the AVS application permission to go
ahead and run.

When AVS exits, either normally or abnormally through a Ctrl-C or a crash,
the license token is checked back into the vendor daemon so that others can
use it.

If the application cannot contact the license daemon, it will not be able to
run.

Installing Licenses

There are three files to be concerned with:

Jusrfavsflicenseflicense.dat
A template for your own license.dat file.

fusrfavsflicenseflmgrd
The license manager daemon.

Jusrfavsflicensefavs_Imd
The AVS vendor daemon.

To install the licensing mechanism:

1.  Obtain a license.dat file that is correct for the type of licenses (node
locked or floating) that you purchased. The server and (if present)
node locked hostids must match the actual hostids of those systems
that will be acting as license daemon servers and those running node
locked copies of AVS. The hostids are encrypted into the 20-character
license code on each license.dat FEATURE line. The "Typical License
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A Brief Version of the
Story

{continued)

File Configurations" section later in this document shows the license
file formats that go along with each licensing configuration.

The correct contents of the license.dat file should be in a letter that
accompanies the AVS product. If the letter does not contain the license
file text, or if the information is incorrect, you must contact your Custo-
mer Support representative as described at the beginning of the "AVS
Installation” chapter in the Installation and Release Notes.

2. Use a text editor to create the license.daf file. You may either type it in
from scratch, or use jusrfavsflicenseflicense.dat as a template. The tem-
plate file is for a floating license configuration. Copy the contents of
the license letter exactly.

On SERVER lines: |
SERVER hostname hostid TCP_socket_#

you can edit the hostname and the TCP_socket_#. (See step 6 below for
an explanation of the socket number.) The numeric hostid must match
that shown in your license letter.

On DAEMON lines:

DAEMON avs_.lmd daemon_filespec oplions_filespec

replace filespec with the location of your AVS vendor daemon binary
(see step 4 below). options_filespec is optional; it lets you establish addi-
tional local controls on access such as reserving licenses for certain
users, making an access list, or restricting use to certain displays. See
the "Location Control Options"” section later in this document.

FEATURE lines must be copied exactly as shown in the license letter.

3. Install license.dat in jusrflocal{fleximlicenses on any machine that will run
AVS features, and on any server nodes. Place a separate copy on each
of the server nodes. The file must be world-readable.

There may be two different license.dat files: one used by the application
when it starts to locate the license daemon, and one used as a database
by the license and AVS vendor daemons when they initialize. These
can be the same or different files.

If you decide to put the license file used by the license daemons some-
where other than fusr/local/flexIm/licenses(license.dat, then use one of the
following methods for the license daemon to locate the license file:

1.  Start the license daemon as follows:
imgrd -c license_file_path -t connect_timeout >logfile
where:

license_file_path The full pathname to the license file.
connect_timeout The timeout, in seconds, for “connect” calls to other
daemons if operating redundant license daemons
on multiple servers.
~ logfile A file to which the license daemon writes
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A Brief Version of the

Story
(continued)

transaction messages.

We recommend the using the "-¢" option to locate the license file
if the default location cannot be used.

2.  Use the environment variable LM_LICENSE_FILE to override
fusrflocal{fleximlicenseflicense.dat as the location of the license file,
for example:

setenv LM_LICENSE_FILE license_file_path
where:
license_file_path is the full pathname to the license file,

Note that the "-c" option overrides the setting of the
LM_LICENSE_FILE environment variable.

Either of these two methods solves the problem of informing the
license daemon and the vendor daemon where to look for the license.dat
file. They do not tell the licensed AVS feature where to find the license
file.

If you change the default location of the license file, AVS feature users
must also be told to set the LM_LICENSE_FILE environment variable
so that the AVS feature can find the license file when it starts.

If you install license.dat in the fusrfavs directory, it may be overwritten
by subsequent AVS release installations.

Decide where you want the binaries for the license daemon Imgrd and
the vendor daemon azzs_lmd to reside and install them.

In some network organizations, application-specific information is
intentionally kept out of the "system directories". In this case, you can
leave Imgrd and avs_Imd in the [usr/avs/license directory where they are
already located. '

In other organizations, such programs are copied to the system utility
area (usually /eic).

In a network organization, it is usually desireable to start the license
daemon and vendor daemon when the SERVER system boots. You
should add a line like the following to your system’s boot file:

lmgrd options > license.logfile &

On Sun systems, this line would be added to the fefc/rc.local file.
(Remember: feicfre.local is run as a BOURNE shell, so do not use the csh
">&" redirection syntax.})

On SGI systems, the directory fefc/rc2.4 contains links {e.g., S54avs) to
specific feature startup scripts. The scripts themselves may be any-
where, including the /efc directory.

On IBM R5/6000 systems, the boot startup file is fetc/rc.

On HP 9000/7xx systems, the startup file is fetc/rc.

Note: if you are concerned with security, an "su username <" can be
placed in the front of this line. Without this restriction, the Imgrd start-
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up can be done manually by any ordinary user. It is usually desireable
to leave this option open so that users can restart the license daemon
without administrator intervention.

You may wish to replace the single command line with a script.

6. Application programs contact the license daemon through a TCP/IP
socket. If your system supports the jefc/services TCP socket binding
lookup service, then add a line like the following to fetc/services:

license 1700/tcp

1700 is a locally unique port number. 1700 is used for illustration pur-
poses. Choose any number appropriate to your system and network.
If the daemons are to be run from a non-root account, the specified port
number must be greater than 1024. If the network is running the Sun
Network Control System (aka "yellow pages™), then this line must be
added on the NCS master, and the services map must be propagated to
the network.

If modifying the fetc/services file is unacceptable, then add the port
number at the end of SERVER lines in the license file. If a port number
is present in the license file it will be used. The following illustrates a
modified server line:

SERVER mynode 1700ae83 1700

In this example, TCP/IP port 1700 will be used for the license manager
daemons. You may replace 1700 with any locally unique number.

See the "Using AVS with Licenses" chapter for a list of the information that
users will need from the administrator to run AVS.

]
A Brief Version of the

Story
{continued)

This section describes each of the actors in the licensing mechanism in detail.

The Detailed Story

The license daemon is a process that resides on a host within the network.
When AVS (or any licensed AVS feature) starts, it contacts the license dae-
mon host defined in a license.dat file. (The system trying to run AVS must be
able to contact the license daemon through a numbered TCP/IP socket that
is defined either in the license.dat file, or in an fetc/services file.)

The license daemon uses the information in the license.dat file to locate the
AVS vendor daemon that actually dispenses licenses, and then forwards the
program’s request to the vendor daemon.

Other application software on your network may already use FLEXIm to
control their licenses. If so, you can use the existing license daemon to con-
trol AVS licenses. Alternately, you can make the AVS licensing mechanism
independent by running a separate license daemon on a different host.

If the license daemon is not accessible to the AVS program, the program will
not be able to run. You can create redundancy by running an odd number of
license daemons on different hosts. If a majority of the license daemons are

The License Daemon
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The Detailed Story

(continued)

active, the program will be able to contact the AVS vendor daemon.

The binary of the license daemon is in the file /usrfavsflicense/lmgrd. You may
leave it there or copy it elsewhere in your file system, possibly /etc/lmgrd. In
general, end-users should know the location of the license daemon (or a local
script that starts it with appropriate local parameters) so that, in the event of
a failure, they can restart it without administrator intervention.

Starting the license daemon is usually made part of its host system’s
boot/startup procedure. The files invoked when a system starts varies from
workstation vendor to vendor. On Sun workstations, for example, the files
would be typically be fetc/re.local or fetc/re.boot.

The license daemon is also referred to as the muaster license daemon, the master
daemon, or the license manager daemon.

The AVS Vendor
" Daemon

The AVS vendor daemon is the process that actually dispenses licenses accord-
ing to the information in the licensedat file, and according to any further
modifications that the local administrator has established in a local
configuration file. Vendor daemons are started by the license daemon when
it first initializes, again according to instructions in the license.dat file. They
execute on the same host as the license daemon. If your site has multiple
applications that use FLEXIm, there will be a separate vendor daemon for
AVS.

The binary for the AVS vendor daemon is located in Iusr/av&/license/avs.lmd.
You may leave it there, or copy it to a central directory such as fetc/avs_Imd.

license.dat file

A typical floating license license.dat file looks like the following:

SERVER menelaus 6706%£38 1700

DAEMON avs_1lmd /usr/avs/license/avs_lmd /usr/avs/license/localoptions
FEATURE AVS avs_lmd 4.000 1-jan-00 4 OB98A091178E1B37FEAS ""

FEATURE AVS/beta avs_imd 4.000 1-jan-93 4 BB4830D1E024B5347B15 ""

FEATURE AVS-Animator avs_lmd 4.000 1-jan-00 4 CBF8D091CBE3363DB9A3 "*
FEATURE AVS-Animator/beta avs_Ilmd 4.000 1-jan-93 4 0B3810C1CDAC63ABl6a9 ""

The SERVER line defines which network host muns the license daemon, both
by name and by unique hostid. The 1700 defines the locaily unique UNIX
TCP/IP socket number that the application will use to connect to the license
server. This number may be absent if this socket==program equivalence is
defined in an fetc/services file available to all parties in the network.

In SERVER lines, the hostid cannot be changed by the administrator because
it encrypted into the license codes in the FEATURE lines. If you wish to
create redundant license daemons, there will be three or five server lines, all
of whose hostids are encrypted in the license code.

The DAEMON line defines the string name of the vendor daemon, the path-
name where the vendor daemon binary resides, and, optionally, a pathname
to a local administrator-defined configuration file that specifies who can and
cannot use the various sofware features. Within this line, the string name of
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the vendor daemon (avs_Imd) cannot be changed by the local administrator.

FEATURE lines define specific aspects of AVS that are subject to license con-
trol. In this example, there are four features: for AVS itself, for an AVS/beta
release, for the AVS-Animator, and for an AVS-Animator beta release. The
remainder of the line specifies the string name of the vendor daemon that
dispenses licenses for this feature {avs_imd), the version of the software
licensed, the expiration date, the number of licenses, and the actual license
code that embodies in encrypted form the previous clear text data. Addi-
tional fields are possible. The fields in the FEATURE line cannot be changed
by the local administrator. -

By default, the license file is expected to be located in
Jusrflocal{flexim{licensesflicense.dat. You can place it elsewhere provided that:

e The license manager daemon is started with a -¢ license_file option that
specifies the new location; and

¢  The user running AVS or one of its features has the environment vari-
able LM_LICENSE_FILE defined to specify the new location.

It is possible to have both the license daemon, the vendor daemon, and the
end-user specify a series of license files through which FLEXIm will search
until it finds a FEATURE line that matches that of the requesting application.

The administrator installs the license file, usually by copying the template
file in fusrfavsflicenseflicense.dat. The administrator uses a text editor to fill in
the locally-correct values for fields in the SERVER and DAEMON lines.
FEATURE lines are supplied by Advanced Visual Systems Inc, either in the
license letter that accompanies the product, or by contacting Advanced
Visual Systems Customer Support. The administrator transcribes FEATURE
lines exactly as relayed by AVS Inc. into the license.dat file.

I
The Detailed Story

(continued)

The license daemon writes transaction messages to a log file. The name and
location of the log is determined by redirecting the Imgrd license manager
program’s stdout to a pathname, e.g., Imgrd >/tmp/flexlog. Redirecting to
/devfnull  effectively eliminates the log file The online file
Jusrfavsflicenseflogmessages lists the log messages and their meanings.

Log File

FLEXIm supplies a series of utility commands that let the administrator con-
trol and monitor license daemons and software use. End-users can monitor
license activity. For example, Imstaf -a reports on the status of server nodes,
vendor daemons, vendor features, and users of each feature. Imremove will
remove specific licenses and return them to the license pool. Imdown will
shutdown all license daemons. These features are described below under
"License Administration Tools". Binaries and man pages for these utilities
are also located in the fusrfavsflicense directory.

Administrator Utilites
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Once Through

The following represents a typical series of license transactions:
A user on workstation A types the avs command to start AVS.

2.  AVS needs to find a license file. It first checks for the user’'s environ-
ment variable LM_LICENSE_FILE. This environment variable is not
defined. Therefore, AVS looks in the default license file location,
fusrflocal/flexIm{licensesflicense.dat, and finds the license file.

3.  AVS examines the license file to determine the hostname of the server
on which the license manager resides (the second field on the SERVER
line). It contacts the license manager on that host through the desig-
nated TCP/IP socket.

4.  The license manager on the server host is running. It receives the
request for a license from AVS. Using the data in the license.dat it read
when its process initialized, it finds the AVS vendor daemon avs_Imd
associated with the application, starts up or contacts the vendor dae-

" mon, and forwards it the license request.

5. The AVS vendor daemon receives the request. It checks to see how
many licenses have been checked out against the number of licenses
that were defined for that particular FEATURE in the license.dat file
when the vendor daemon initialized. If there are unused licenses, it
sends the authorization to start back to the AVS process on the original
host. '

6.  AVS starts. Periodically during the user’s session, it checks back with
the license daemon to make sure that it is still running.

7. When AVS exits, either normally or abnormally through a Ctrl-C or
crash, the circuit of communications is repeated. This time, the transac-
tion is to check the license back in to the vendor daemon.

License Daemon
Down

If an AVS application loses contact with the license daemon Imgrd—possibly
because the host on which it runs has crashed—a 15 minute timer is started.
The user is given successive warnings to restart the license daemon or to
save their work before the timer expires. If the license daemon has not been
restarted by the end of the time period, the application will exit.

If you have established redundant license daemons on three or five host sys-
tems, then if AVS is able to contact two of the three defined, {or three of the
five defined) license daemons, then AVS will be satisfied that it has reesta-
blished contact with a suitable license daemon and will continue to execute.

Changing License
Files

The license and vendor daemons read the license.daf file once when they ini-
tialize. If modifications are made to the license file "on the fly", then the
administrator must either restart the Imgrd license daemon, or force it to re-
read the license file with the Imreread administrative command.
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Once Through
(continued)

The series of pictures in this section diagrams different common license
configurations options. Each shows the particular license.dat file that imple-
ments the configuration.

Note that explicit machine hostids and their position in the license file are
key to the licensing configurations. Those hostids that you must provide are
shown in boldface. These hostids are encrypted into the 20 character license
code on the FEATURE lines and cannot be changed without obtaining a new
license code.

Thus, you should have worked out your license configuration, including the
exact hostids of the systems that will be involved, when you placed your
order with the sales representative from which you purchased AVS.

The key difference between floating licenses and node locked licenses are
that floating licenses allow AVS and its features to execute on any host in the
network, subject only to the local restrictions that you define in your daemon
options file. Node locked licenses allow AVS execution only on the desig-
nated host. Users may still rlogin to that host from another workstation or X
terminal, subject to the local restrictions that you establish.

Typical License File
Configurations

This configuration is useful in a centrally-administered network. AVS
becomes a public utility "network service” that many users will be able to
execute on a variety of hosts and displays limited only by the total number of
floating licenses available, and any locally-defined restrictions.

SERVER hostA (license daemon, vendor daemon)

------------------------------------------------- network

client host 1 client host 2 . client host n

Corresponding license.dat file

SERVER hostd hostidA 1700

DAEMON avs_lmd /usr/avs/license/avs_1lmd

FEATURE AVS avs_lmd 4.000 1-jan-%4 n 0B98AQ91178E1B37FEAS ™"
FEATURE

Floating License with
One Workgroup
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Typical License File
Configurations
(continued)

Fioating License,
One Workgroup,
Redundant Servers

SERVER hostA

client host 1

This configuration is the same as the previous, but more robust. To avoid
having AVS become inaccessible because the single server is down (system
crash, out for preventive maintenance), three license servers are available.
The license daemons communicate and a majority constitutes a quorum that
will permit AVS access. Running redundant servers requires an odd number
of servers. '

SERVER hostB SERVER hostC
| | {license, vendor daemons)

----------------------------------------- network

client host 2 client host n

Corresponding license.dat file

SERVER hostA ThostidA 1700

SERVER hostB hostidB 1700

SERVER hostC hostidC 1700

DAEMON avs_1md /usr/avs/license/avs_1lmd

FEATURE AVS avs_1lmd 4.000 1-jan-94 n OB9BA0S117B8E1B37FEAS5 ""
FEATURE

Floating License,
Mutltiple Independent
Workgroups

This configuration is really multiple instances of the first configuration. It
represents the common case where systems are all part of a single
network-—such as an Economics department and a Mechanical Engineering
department at a university—but who otherwise have very little to do with
each other administratively. Each group purchases and administers AVS
floating license pools separately. Each workgroup can use the redundant
license scheme in the second configuration if it wishes.

SERVER hostA (daemons) SERVER hostB (daemons)

client host 1

-------------------------------------------------------- network

. client host = client host 1 ... client host m
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Typical License File
Configurations
(continued)

Corresponding license.dat files
For the workgroup using SERVER hostA:

SERVER hostA hostidA 1700

DAEMON avs_lmd /usr/avs/license/avs.lmd

FEATURE AVS avs_lmd 4.000 1l-jan-94 n OB98A091178E1EB37FEAS "°
FEATURE

For the workgroup using SERVER hostB:

SERVER hostB hostidB 1700

DAEMON avs_lmd /usr/avs/license/avs_1lmd

FEATURE AVS avs_lmd 4.000 1-jan-94 m CBF8D0S1CBE3363DBOA3 an
FEATURE . .

Node Locked, Single
This configuration restricts AVS execution to a specific host on the network. Host

People on displays throughout the network can rlogin to this host and run as
many copies of AVS as there are node locked licenses available. The local
administrator can use the daemon options file to control access further.

The picture shows the license server hostA and the client machine hostB that
is licensed to run AVS as separate systems. They can, of course, be the same
machine.

This configuration would be typical in a small department with a limited
number of users and only one system suitable to run AVS (perhaps one per-
son on one machine), or on a large system supporting multiple X terminals.

SERVER hostA (license, vendor daemons)
---------------------------------------------------- network

client hostB up to n displays
|

I
display 1

Corresponding license.dat file

SERVER hostA hostidA 1700

DAEMON avs_lmd /usr/avs/license/avs.lmd

FEATURE AVS avs_lmd 4.000 1-jan-00 n OB98A091178ELIB37FEAS "" hostidB
FEATURE
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Typical License File

Configurations
{continued)

Node Locked,
Muiltiple Hosts

This configuration is similar to the previous except that multiple hosts
(hostB, C, and D) are acting as AVS execution servers. Each has its own pool
of fixed, node locked licenses n, m, and p. The server hostA need not be a
separate system, but can be any of the other hosts. At the extreme, each host
running AVS acts as its own server, and these three systems have nothing
administratively to do with one another.

Unless restricted by other means such as local independent password files or
the daemon options file, if a user trying to use AVS on hostB finds it full,
he/she could rlogin to hostC and run AVS there. '

SERVER hostA (license, vendor daemons)

--------------------------------------------------------- network

client hostB client hostC client hostD

upton m,p displays

Corresponding license.dat file

SERVER hostA hostidA 1700

DAEMON avs..lmd /usr/avs/license/avs_lmd

FEATURE AVS avs_1lmd 4.000 1-jan-00 n OBY9BA091178E1B37FEAS "" hostidB
FEATURE AVS avs_lmd 4.000 1-jan-00 m CBF8D091CB8E3363DB9A3 "" hostidC
FEATURE AVS avs_lmd 4.000 1-jan-00 p OB3810C1CDAC63AB16A% "" hostidD

Mixed Node Locked
and Floating Licenses - This configuration shows one server host dispensing access to a combination

of node locked and floating license users. People attempting to run from a
node Jocked host consume that host’s pool of licenses. Floating licenses can
be used from anywhere on the network. The main subtlety is that the node
locked FEATURE lines should proceed the floating FEATURE lines (no trail-
ing hostid) or users from node locked hosts will be awarded floating licenses
first.

SERVER hostA (license, vendor daemon)

----------------------------------------------------------- network

I | I |
client hostB client hostC client hostD ... client hostp
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Typical License File
Configurations
{continued)

Corresponding license.dat file

SERVER hosta hostidA 1700

DAEMON avs_lmd /usr/avs/license/avs_lmd

FEATURE AVS avs.lmd 4.000 1-jan-00 n 0BYBADS1178E1B37FEAS "" hostidB
FEATURE AVS avs_lmd 4.000 1-jan-00 m 0OB9BA021178E1B37FEAS " hostidC
FEATURE AVS avs_lmd 4.000 1-jan-00 p OB9BAQ9117BE1B37FEAS ""

hostids
The AVS Installation and Release Notes for each platform describe what com-

mand to use on your workstation type to see the hostid for your systems.
This is an abbreviated listing that may be superceded by the information in
the Installation and Release Notes.

Sun SPARCstations Jusrfbinfhostid
IBM RS/6000 uname-m

HP 9000/7xx [etc/lanscan

Silicon Graphics 4D fetc/sysinfo -s

Note: On HP 9000/700-series systems, the licensing mechanism uses the
hardware ethernet address, not the system hostid. Jetcflanscan lists the ether-
net address.

Note: On Silicon Graphics workstations, the Jeic/sysinfo -s command pro-
duces a decimal representation of the hostid. This is the number that you
should report to Advanced Visual Systems when discussing licensing issues.
However, the license.dat file requires the hexadecimal representation of the
hostid. You can either convert the numbers yourself, or use the fetc/sysinfo
command without the "-s" option to print out the hexadecimal hostid. Use
the digits in the first four slots and ignore the trailing zeroes. The license
codes that you receive from Advanced Visual Systems will have the correct
representation of the hostid already in them.

Local Control
As the AVS license administrator, you can custornize local use of AVS and its Options

features using a daemon options file that can be specified as the fourth parame-
ter on the DAEMON line in the license.dat file. This options file allows you to
reserve licenses, to allow or disallow use of your software to certain entities,
and to set software timeouts.

The following keywords are supported:

RESERVE
Insures that AVS or one of its features will always be available to one or
more named users, groups of users, host computer systems, or specific
displays.

INCLUDE
Specifies a list of users, hosts, displays, or groups of users who are
allowed access to AVS or one of its features.

EXCLUDE
Disallows certain users, hosts, displays, or groups of users access to AVS
or one of its features.
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Local Control Options

(continued)
GROUP
Specifies a group of users for use in the other commands.
TIMEOUT
Allows licenses that are idle to be returned to the free pool, for use by
someone else.
REPORTLOG
Specifies that a logfile be written suitable for use by the Enhanced User
Tools report writer. DO WE USE THIS??
NOLOG
Causes messages of the specified type to be filtered out of the daemon’s
~ log output.
In order to use the daemon options capability, the administrator creates a
daemon options file and lists its pathname as the fourth field on the AVS
vendor DAEMON line. The daemon options file consists of lines in the fol-
lowing format:
_ RESERVE number feature ({USER | HOST | DISPLAY | GROUP} name
INCLUDE feature {USER | HOST | DISPLAY | GROUP} name
EXCLUDE feature {USER | HOST | DISPLAY | GROUP} name
GROUP name <list_of.users>
TIMEQUT feature timeout_in_seconds
NOLCG  {IN | OUT | DENIED | QUEUED}
REPORTLOG file
Lines beginning with the sharp character (#) are ignored, and can be used as
comments. If the filename in the REPORTLOG line starts with a + character,
the old report log file will be opened for append.
For example, the following options file would reserve a copy of feature AVS
for user pat, three copies for user lee, and a copy for anyone on a computer
with the hostname of ferry. QUEUED messages will be omitted from the log
file. In addition, user joe would not be allowed to use the feature AVS:
RESERVE 1 AVS USER pat
RESERVE 3 AVS USER lee
RESERVE 1 AVS HOST terry
EXCLUDE AVS USER joe
NOLOG QUEUED
If this data were in file [usrflocal/local.options, then you would modify the
license file DAEMON line as follows:
DAEMON avs_lmd /usr/local/xxx susr/local/local.options
License
Administration Binaries and nmn pages for the following utilities are located in the
Tools [usrfavsflicense directory.
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(continued)

License administration is simplified by the !mstat utility. Imstat aliows the
user of FLEXIm to instantly monitor the status of all network licensing activi-
ties. Imstat allows the administrator at a site to monitor license management
operations including:

e  which daemons are running

e  users of individual features

s users of features served by a specific DAEMON
The Imstat syntax is as follows:

Imstat [-a] [-S DAEMON] [-f feature] [-s server]
[-t valuel [-c license_file]
[-A] [l regular expression}
-a Display everything
-A List all active licenses

~c license_file
Use license._file

-5 DAEMON
List all users of DAEMONs features

-f feature_name
List users of feature(s)

-1 regular expression
List users of matching license(s)

-5 server_name
Display status of server node(s)

-t value
Set Imstat timeout to value.

Imstat

The Imdown utility allows for the graceful shutdown of all license daemons
(both Imgrd and all vendor daemons) on all nodes. Type Imdown with the
correct license file in either jusrflocal/license.dat, or the license file pathname in
the environment variable LM_LICENSE_FILE. In addition, Imdown takes
the -c license_file_path argument to specify the license file location. Imdown
can only be executed by the root user. The local administrator should protect
the execution of Imdown, since shutting down the servers will cause loss of
licenses.

Imdown

The Imlist utility will list the users of any individual feature, in much the
same way as Imstat f. To use Imlist, type Imlist <feature nante>. A list of users
of the selected feature will be displayed.

imlist
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(continued)

Imremove

The Imremove utility aliows the administrator to remove a single user’s
license for a specified feature. This could be required in the case where the
licensed user was running the software on a node that subsequently crashed.
This situation will sometimes cause the license to remain unusable. Imremove
will allow the license to return to the pool of available licenses.

Imremove’s syntax is as follows:
Imremove [-cfile] feature user host [display]

Imremove will remove all instances of user on node host (on display display, if
specified) from use of feature. If the optional ¢ file is specified, the indicated
file will be used as the license file. The administrator should protect the exe-
cution of Imremove since removing a user’s license can be disruptive.

Imreread

The Imreread utility will cause the license daemon to reread the license file
and start any new vendor daemons that have been added. In addition, all
pre-existing daemons will be signaled to re-read the license file for changes
in feature licensing information. Usage is:

Imreread [-c license_file]

Note: if the -c option is used, the license file specified will be read by
Imreread, NOT by Imgrd; Imgrd re-reads the file it read originally. Also,
Imreread cannot be used to change server node names or port numbers. Ven-
dor daemons will not re-read their option files as a result of Imreread.
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USING
AVS WITH
‘LICENSES

CHAPTER SIX

AVS and its associated applications are licensed products of
Advanced Visual Systems Inc. Access to AVS and its applications
(such as the AVS Animation Application) is controlled by the
Flexible License Manager (FLEXIm) network-wide floating licens-
ing system from Highland Software.

When your installation purchased AVS from Advanced Visual
Systems, it purchased a certain number of license tokens. A license
token represents one "use” of the AVS software. License tokens
can be so-called floating licenses that are available network-wide,
allowing you to run AVS on any host on the network. Alterna-
tively, they may be node locked, meaning that you can run AVS
only on designated host systems.

Your local administrator may have defined additional local rules
for AVS use, such as reserving licenses for particular users,
defining explicit lists of who can or cannot use AVS, declaring
that it can only be run from certain displays, and setting timeouts
that will return licenses that have been idle to the system so that
others can use them.

When correctly installed and functioning, the licensing mechan-
jsm is largely transparent. Those conditions that make the license
control visible are discussed in this document. This document is
also available online in the printable PostScript file
Jusrfavsflicensefuser.ps. (The printer must support the Palatino
font.) Using this document, you will be able to understand, diag-
nose, and solve licensing problems, often without the assistance of
your administrator.

Introduction
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The Mechanism

When you first start AVS or one if its associated applications, the
software will look for a license.dat file. Finding this file, it will con-
tact a program called a license daemon running on a host system
somewhere in your network. The license daemon finds another
program, the AVS vendor daemon, that is also running on the
remote host, and gives it your program’s request to run.

The AVS vendor daemon compares your "check out” request
against the number of simultaneous uses allowed in the license.dat
file. If there are still unused licenses available, it gives your AVS
application permission to go ahead and run.

When you exit AVS, either normally or abnormally through a
Ctrl-C or a crash, your license token is checked back into the ven-
dor daemon so that others can use it.

If your application cannot contact the license daemon, it will not
be able to run.

You Need to Know...

1.  Find out your local license restrictions.

From your local administrator, find out how AVS use is
governed at your site:

* How many licenses are freely-available floating
licenses? How many are node locked, and to which
hosts?

. Are there additional local rules such as access lists that
you need to be on, or certain displays that you must
use?

»  Different AVS "features” may be regulated by separate
license token pools. For example, there may be 50
licenses available for AVS, but only 5 available for the
AVS Animation Application. Each may have separate
rules under the two items above.

2. Find out where the license.dat file is kept.

When you start any AVS application that is license con-
trolled, that application must be able to find a license.dat file.
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In the default configuration as shipped by Advanced Visual
Systems  Inc, licensedat files are kept in
fusrflocal{flexImflicenses. Look to see if this directory exists,
and if its license.dat file contains FEATURE lines with the
various AVS applications defined. If so, it is probably the
correct license file and you need do nothing special to access
it.

. If your local administrator has placed the license.dat file else-
where, then you must find out from them where it is. If
your host cannot directly access the license.dat file through a
UNIX path specification, you will need to copy it to some-
place where it can be accessed. '

Next, define the environment variable LM_LICENSE_FILE
to point to the license.dat file. ksh or sh users would do this
in one of their session startup files as follows:

LM_LICENSE_FILE=/usr/sharefflexflicensesflicense.dat
export LM_LICENSE_FILE

while csh users would do it like this:

setenv LM_LICENSE_FILE fusrfsharefflexlicensesflicense.dat

Replace the example usrfshare/flexlicenses|license.dat with
whichever pathname is appropriate. Note that the license.dat
file may be named something else such as auslicense.dat.

It is possible that you may be using more than one applica-

tion that controls its use through FLEXIm. In this case, you

may need to define a search path of license.dat files. In the
csh, define the search path for the LM _LICENSE FILE
environment variable as follows:

You Need to Know...
(continued)

setenv LM_LICENSE_FILE sfusr/local/license.dat:/u2/flexlm/chemlicense.dat

The LM_LICENSE_FILE environment variable is only neces-
sary if the license.dat file is not in Jusrflocal{flexIm/licenses.

The file fusrfavsflicenseflicense.dat as shipped by Advanced Visual
Systems is only a template license file, meant to be edited and
copied by the local administrator; its format and data may not be
correct for your installation, and its shipped codes are not real
values. :

Find out where the license daemon program or script is
kept. Find out if you are allowed to restart it, and how to
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You Need to Know...
(continued)

do it.

Licensed AVS applications will not run without the license
daemon and vendor daemons being present.

The license daemon is normally started as part of the boot
procedure for the host(s) that is acting as the license server.
The license daemon starts the vendor daemon. Thus in, the
normal course of events both should be present.

If they are not present, somebody has to start them. Your
local administrator will have developed some policy on this:
either restricting it to a root priviledge on the license server
host, restricting it to a UNIX-defined group priviledge, or
allowing world access.

A copy of the license daemon and vendor daemon is
shipped with AVS in  [fusrfavsflicenseflmgrd and
[usrfavsflicensefavs_Imd. These may or may not be the "right"
binaries, as your administrator may have copied or moved
them to another directory such as Jetc.

Other complicating factors are:

. The license daemon has to find its own correct
license.dat file.

*  Your network may be running multiple redundant
license and vendor daemons so that work can continue
if one fails.

¢  The license daemon generates a log file. The output of
the license daemon command must be redirected away
from stdout to the correct log file location.

All of these conditions may prompt your administrator to
start the license daemon(s) with special parameters from a
startup script.

As a general statement, there is no disadvantage to having
multiple people trying to start license daemons. The first
license daemons get the TCP/IP connection socket, and the
subsequent daemons simply idle uselessly waiting to
acquire the socket.

Thus, find out from your local administrator the policy and
procedure for restarting license daemons. It may range
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from “call this phone number" to "rlogin to host penelope,
and type Jetc/localavslicstart”.

You Need to Know...
(continued)

If you have a valid, accessible license.dat file, and the license and

vendor daemons are running so that the AVS application can con-

tact them, the existance of license control will be transparent.

Otherwise, the sections below describe the most common
occurrences and how to deal with them.

What Can Go Wrong

AVS periodically contacts the license daemon while it is running.
1f AVS loses contact with the license daemon—either because the
daemon itself died, or the system on which it was running
crashed or became inaccessible—a yellow-bordered warning win-
dow will pop-up on your screen declaring:

The connection to the license daemon has been lost,
You have 15 minutes to save your work or
restart the license daemon before your AVS session ends.

In the terminal emulator window from which you started AVS,
this message appears and periodically repeats:

Attempting reconnection to license server for AVS

The prudent thing to do is to first save your work (Write Network
in the Network Editor, Save Scene in the Geometry Viewer, etc.}
and then turn your attention to restarting the license daemon.

If the license daemon does not restart, then the warning message
will be repeated when 5 minutes remain. At the end of 15
minutes, the AVS session will exit.

Use the local procedure that you discovered from your adminis-
trator to get the license daemon restarted. '

Some installations will run three or five redundant license dae-
mons so that if one fails, the remaining two (or three) will con-
tinue to service the AVS applications.

Pop-

Up Message—
Connection to the
license daemon has
been lost
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What Can Go Wrong
{continued)

Problems Starting AVS
Applications

The usual messages that you will see when you start an AVS
application are fairly self-explanatory. They are written to the ter-
minal emulator window from which the original AVS application
was started.

A complete list of messages is kept for user-reference in the file
fusrjavs{licensefusermessages. These are the most commonly seen.

cannot connect to license server
Your host’s attempt to connect with the license daemon has
" failed. This could be because the license daemon is down, the
host it runs on is down, or network traffic is slow. Connect
requests will timeout after 30 seconds.

cannot connect to a license server
The DAEMON name specified in your license.dat FEATURE
line does not match the vendor daemon name.

cannot find license file
The license file cannot be opened. The license mechanism first
uses your LM_LICENSE FILE enviromment variable, if
present. Next it looks for jusrflocal/flexImflicensesflicense.dat.
Something is preventing your access to the license file.

Clock difference too large between client and server
The system clock on your host and that of the license daemon
must be set within 27 minutes of each other.

feature has expired
Today’s date is after the expiration date in the license file.
This may occur for demonstration, evaluation, or beta copies
of software.

licensed number of users already reached
There were n licenses purchased for this AVS feature, and
yours is the n+1 request. This may also appear as "request for
more licenses than this feature supports".

User/host not on INCLUDE list for feature
The local administrator has established local access lists for the
feature. Contact your administrator.

feature checkin failure detected at license server
This is somewhat serious and should be brought to the atten-
tion of the administrator. When it occurs, it is usually because
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the host on which the application was running has crashed. A
license token may be temporarily “lost" from the pool.

What Can Go Wrong
(continued)

The license software has utilities that let you see the license dae-
mons, vendor daemons, and which users have licenses checked
out on which machines. Binaries of these utilities, along with
their man pages are shipped with AVS in fusr/avs/license.

The most universally useful command is Imstat -a. It produces a
listing like the following:

hera 5% susr/avs/license/lmstat -a

lmstat - Copyright (C) 1989, 1990, 1991, Highland Software, Inc.

Flexible License Manager status on Fri 1/31/92 15:41
License server status: 
hera: license server UP (MASTER)
vendor daemon status (on hera):
avs_lm&: UP
Feature usage info:

Users of AVS: (Total of 10 licenses available)

Users of AVS/beta: (Total of 10 licenses available)

License Monitoring
Utilities

dkfritz at hera on /dev/ttyg2 (v4.000), started Fri 1/31/92 at 15:41
dgk at putty on /dev/ttypd (v4.000), started Fri 1/31/92 at 09:03

Users of AVS-Animator: (Total of 10 licenses available)

Users of AVS-Animator/beta: (Total of 10 licenses available)

dkfritz at hera on /dev/ttyg2 (v4.000), started Fri 1/31/92 at 15:50

This lets you know who to call up on the phone and try to con-
vince them to logout.

If you wish more detailed information on the licensing mechan-
ism, see the AVS License Administration manual. This accompanies
the AVS Installation and Release Notes. It is also available online in
the printable Postscript file fusrfavsflicensefadmin.ps. The
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More Information
(continued)

Postscript printer must support the Palatino font.
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