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ABSTRAC 

Co puter network tr~ffic gen~rators provide a means for 

supplying benchmark resul sand for t Suring ,o -p ter network 

performan~P at all eves. Eventually they w'll also aid in 

fault diagnosis. Th~ network traff"c genPr tor described in 

this thes·s allows flex"ble yet conventent control over a 

number of ~ar meters usefol for generati 9 Loads o~er both 

test and real etworks ~ased on OEC 1 s PDP-11 inico•~uter. 

I plPmentation on a test network prowides sa .ple 

discussion of desi9n compro isesr and reco 

results. A 

endations for 

further study ind d•sign poi t to var·ous open ssu•s. 

Thesis Supervisor• Prof. Liba Svobodova 
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A1l'l imp,o.-tant 

tnh case the 

J;Je r-1 orma nee: 

Wi l t meet 

specificatio,ns? 

Problem Statement and Moti~a, · on 

issue in the develop~ent of any servi,e, and in 

d' e V'e lop 1111e n t of a, eo puter- is 

How we L do ,e s i t wot le u, n de,. c e rt a ·i n co n d i t i o n s ? 

the use,r 1 s req , · re11en,ts, the ctesigner•s 

Consequently, fflUCh effort has been put into 

defining performance criteria and performance measurement, and 

into developing tools that fac"litate the gather·ng and 

:reduction of useful :neasures fro the ass,iw ,e a ,ount ,of d.ata 

flowin thro gh a co~puter network. 

A key concept that has emerged is the network control center, 

a centralized net~ork host where monitoring, easur~ment, and 

eontrol of the network take place. (The ~easure ent function 

can b pe,-for-med at a SI! ara,t ,e spe('ialized host ., , s is done in 

the ARPANET, but t e network conf i guration on ~hich this 

r-esearth has be~n developed conglomerates al three functions 

· o one .h ,ost f·or effi,de.ne,y' i'l hardware and pe·r so nel.) 

One of the primary responsibilit "es of the control ,enter i s 

to ensure performance standar-ds- as protocols, rout · ng or flow 
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control are odifit , or new hardware introduc•d• 8eoch rk 

results 1te the ost direct me ns of answering t e questions 

posed n the beginning paragraph. 

The way to accurately obtain these results is to mo itor 

"live" data tlowin through the -etwork. One ~ould think at 

first that the data should also be "real", but t o proble~s 

c-o ,me up. Fi rrstly, 

varying enor ous y fro 

, ser- generat · on of data is haphaz .ard, 

inute to inute, so o~eratl perfor -

ante I oses meaning as, it bears little relationsh 'p to ind · -

111i dua use of the ne-t1,101" k he i Li ty. Second Ly, under co,ndi-

t ions of network de~elopment, there is no user conmunity and 

therefore ~o r~al data. The soluti ,on is, of co · rs!, to 

emulate rel traffic~, generating it according to a nu~ber of 

para ,eters speci he by the ,e1qHH' -me - ter. 

In its simpl st form, that is precisely the goal of this 

·study" to design and bu ·i Ld ,a Heidble gen,erator of netwol"k 

traffic n order to eases ch tasks as testing ro tin soft

ware and load caoacity• and esta lis , ing bas · c performante 

ratings such as throughput, delay, eff1cie cy, and 

reliability. 
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H. Re,le11ant W'ork Done 

The literatur·e spe:cit·eally concerning an · fitial m,essage 

generators is u~deritandabty r the:r spare. Deta"ls are l ft 

to inter-nail docu ent ,aition, ,.h'le ·t h typ ' cailly le·ft to pa-

per s dealing with network ~asure ~ent, performance, or testing 

t o mention generator functions and how they relate to the rest 

of the oerformance/•easure•ent software or hardware. This i s 

n ot a serious drawback, however, since the programi n g of the 

ge ne r ator, while far fro trivial, is hardly state-of-the-art. 

The functions to be s~pported and the etwork interface ~nd 

us er interfate designs are the really trutial detisions 

affect i ng the tr~ffic generator's intorporation into th• net

work. Th 111Js, my in i Hal s.tudy of thi ·s. subject led ine to, di!-

s er · pt ion 's of network on ii tor ing 

ac h ines, and the like. 

A s may b 1
_ exp eted, 111)" re~di g 0e,g1;ir1 1with the ARPA El. ARP.A's 

Net work Control Center, situated at the Bolt Beranek and 

Newman node, is used to uoperate, a tain, nd ~odify the 

communiicat · ons subnet N oi-k n, hich inc::ludes staitist ' cs 

gat he r in. The Net~ork Measure ent Center, located at th~ 
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UCILA n,ode,, u 1 es easurt f!'nts fro" re ,at traffi1t, and fro tests 

using artifically generated traffic, primarily to verify and 

improve a alytic odels of etwork behavior. Each node (IMP) 

is eapabte of send'ng essages to a tngle destination over a 

sin,g e link w· h the following parameter ,s: length (fixed), 

interdeparture time (fixed Jr driven ~y return ~essage), trace 

on or off, ad the ability ta send to a nonex "sta t host a 

bit bucket. (Tracing, when en~bled, causes ti - ing inforfflation 

to be sen fro each node through which the message passes.) 

Additio a Ly, soffle hosts have multipl~ pairs of enerators and 

acceptors, ijnd there ~re programs at UCLA to for~at the mes

sages which ~ill initiate experiments. 

Th, Nationa Bureau of Standards has a Network Measu·re ent 

Machine (NHMl which is essentially a inico puter-based pro~e 

with mas torage. hardware character generator ~ith a few 

inter-character and baud rate settings will send a specific 

character or ent ' re character set i sequence to the NMM. As 

't stands, how v r, it cannot fulfill the requirements of a 

message gen~rator. 

work has b~en done on 

University of Waterloo in Oitario. 

net ark 

he 

m,on it or i g 

·software for 

at the 

their 

s hiyhly odulari2ed, resulting in 

clearly defined functions for each of the manager 

Of p rticular importa ce is its co mun · cations anager which 

is responsible for coordinating communic:ait io,ns betwe ,en re, ot ie 
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onttor , nters, the load generator, - o~iotring soft~are, and 

datij analysis. he load generator e ulates up to sixteen 

termina l users- and ~1ll soon also ge~erate higher spe~d 

(host) traffic. In addition, it trans its prepared scripts. 

General Electric h s also been a pioneer in this field ~ith 

work on its Network Mo i tor System. Its mo~itoring strategy 

is roughly similar to that of ARPANET, whi e · ts strongest 

point is its ability to disolay ti ely status and statistical 

fi g~res in a variety of useful sum ary tor ats. lhis, in 

conjunction w"th auto ated alarms, can significantly advance 

t he ti e when approach · ng proble s are recognized~ I could 

find no refer~nce, owever, to a traffic generator. 

Rel vant work on load g~neration at Digital 

Corporatio CDECJ began 

o rder to test DECNET on 

approximately three years aio• In 

the PDP 8, a Qdy"a it exerciser 

progra" ~ s written. lt serviced up to t~n logital link <to 

recei~ers) ~here the receiving ta k mirror~d he random data 

sent. Para~eters us~d ~ere dest"natioo nodes, essage length, 

delay b~tween essage , and connect period, ~hich is 

essentially how many Messages are sent before the logical link 

1s broken and another one establishtd. Anoth~r interesting 

feature was noise generation; this tan be e~tre ely Yseful in 

a test en~iron ent where ll the nodes are in the same build-

ing or room, 

lines. 

for si - lati~g more unrel~able co munfcatio~ 



A pre iminary oerforaance e~aluation project lat~r wrote a 

essage generator that spetif "ed destin~tion node and progra~, 

_ n d nu , be r o f e s s a 9 e s _ nd t h e i r t en gt h., Th i s, w a s u se d p r i ... 

111ari l y for CPU us .age a - d throughput eas1.Jres on P·DP-8 s. 

A pecification for a more detailed oec ET perfor anc~ evalu

ation calls for a message generator that ~ill produce messages 

of fixed or eiponent ' ally distributed l~ngths and interarriual 

times to p to eight tasks at various nod,s. Mesag~s •ay be 

sent "ndependently of pre~ious repli~s or even as fas as the 

protocols will allo1o1 .. Conuol 11111 be fro11 an •~e:ic .periraent: 

control point~ at a designated node. 

There ar~ oth,r systems that transparently on "tor a network•s 

traffic via prob~s, but these do not inject messag~s into the 

network and so are not considered here 
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Ill. De·s ·gn 

Th"s t , apter describes the i gredi!enits of a, genera,l•purpo e 

co.mp t r net:liilort. traffit g,en,era,to,r: the eh r ct~ris,tics of the 

poss i b , e- tt· ,a ff ii, pattern s, t he i n. for i,ia t ion to b,e co l l e c , e d and 

recorded during an experi - e~t1 and th~ modul r construction of 

the ienerator that provides th~ needed flexibility. 

No attempt has been ade to pin down the features of the com-

pl - t.e do--it- l l tra,ffie generato .r. lnde d, not aU t ,he func 

tiona ity described here is i eluded i the prese"t 

implement~tion. (This is due pri~arily to time constra · nts. 

om·ssions and reco mendatians are discussed in the following 

chapter.> However, it is fe t that no important feature has 

been left out of the design, and that it should suit all but 

the truly esoteric nee~ of performance analysts. 

The compone ts of the traffit generator system re described 

in detail in section C, but a few words here abo~t the 

system•s structure will help keep the intervening distussions 

in the ptop~r p~rspective. Instruet·ons flow fro the control 

node to, indiw·dual nodes, and thence to the ge · eracors and 
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other progra• · in th ,1ue nodes. Each generator establishes a 

l o ,gi ca l ~nk, or connection, to th~ recei~er in th~ traffic 

destination nod~ specified for that generator, and passes 

trafic over this link. The generators, the receiver, and 

ot.her progra s record infor,utioo pertaining to that t · nk <Jnd 

to the node in gen~, l. Section A describes the parameters 

that define the traffic pattern of each link, and section B 

describes the da,ta that is recorded., 

A. Para _eters for Description of Jest Traffic 

Apart f ,ro the ab i lity to perform its stated functio~, the 

po-.rer o1 the traffic generator lies ·n · ts flexib i lity.. The 

expeti enter, in order to aid his understand·ng of a network's 

behavior, must be abl~ to ~onitor the net~ork 1 s perfor ance in 

several modes of operation, including diverse traffic condi

t'ons and various config ,rati ,ons. 

The follow · ng are the para eters esstntial to accurately de-

scribt a traffic patter 

emulated net~ork user>: 

sou ,rei nodi 

d~st i nation node 

on a network (one set for each 

~essage l engt h : average value, exponential p~ra eter 

inte r message time: average, exponent 

t t base: send ne~t essage i mediately, after atknowl
tdgement, o r after reply 
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essages between con ect <nu•ber of 
ess·o ). average~ exponent 

ess.ages per 

In this section, i shalt expla"n the re soning beh'nd each 

ch,oice 1of ex eriment des ,cription ,P f'a111eter. 

Mot important, of to rse, are rhe souFce ad destinat ' on 

nod1u fol" the tr 1ffic path • ..,hen d1escr "bing the ,exp~ti ent, 

each g~ erator is assoc·ated with a sourte node, and a corre

sponding receiver is associated with a dest·nation node. 

These node ames are stored in ~ach record of the experifflent 

descript · on tab e. This table is preprocessed~ using these 

two fields as keys, to det!tmine which records should be sent 

t: o i '"I d i v i d u a l ne t III o r It n o d es f o r l o, c: a l p r o c ,e s s ·i n g • 

The second i port@r'H para et.er · s the 1Len,gth of the ,r:ssages 

sell"lt. here ar,e two ..,ais " n w.hic .h, to appro.ach this.,, ~nd this 

project pro~ides for both. The first opt·on is to have all 

messag • s of the sa e length. This is t ivial t ,0 impte . ent. 

lhe second opt ·o,n · s to al l ow 1i1arLble len ,gth ess.age ·s.. Tbere 

are naturally - any ways to do this, but th~ one that st nds 

out cle rl~ is a message length wit , 

distributed probability mass function. 

n ,e x po n e n t i a l l y 

There are stv~ral 

a grea,t deat of variabH ·ty, and most i ,portantly, it id ,eall.y 



Deriving an exoonentially distributed rando variable fro• a 

uniformly distributed rando ~ariable ·snot difficult. The 

probability mass function is describ~d by: 

y ~ p ex> - ae 
X 

-ax 
(1) 

sing the c:la ·s ical i'lv@r sion raethod for d,erivi g t e ne1i1 

distrtbution, we obtain~ 

X .., - ' n(y)/a (2) 

Finally, using the user-sJet"fied paramet~rs VE fo average 

value of the random v3riable, and EX for th@ exponent Ca, in 

the above equa, ti on.s.), ,and: not · ng the fact that the ,e xpec; te·d 

value of the length L s 1/a, we arriwe at: 

l AVE + CL;(1/ ,random) - 1 )/EX ( 3) 

This ye ds the d~sired distr "bution, w' th a mini um walue at 

VE 1/EX By rounding to the nearest integer, the essage 

lengt~ · s obtained. 

The· next para e-ter is tne inter _essa e· time. Jhis is th,e real 
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tie between sending successive messages, and is used to 

e~utate processing t· e between intertask comm nicat · on. This 

wa approache·d in the· same way as the · essage· Length, with tb 

u s e r - d e H n e d ave r a g e a n, d , .. . x po n e n t i .a l p,a - am, . t ,e r s, e 11: t ! J:Ji t t ha t 

no rounding ·s necessary as time is real-~al~ed. 

The ge~erator task issues an executive call to ~ark the 

passage of the inter essage ti~e span, and then goes to 

In this way t e ,genie·.rator is a,wa .lc ,ened just 

to send the next messag~~ 

n time 

An i portant f~ctor in traffic deftnition is wherher the 

rec:eivin ,g ta k t ,alks ba,c: k: t the · essa,ge gene1rator, or acts as 

a bit bucket, absorbing all messages. This of course may make 

a differ ,ence of up to a factor of two ·n the traff h: bet11111een 

t e nodes. In talk back mode, the receiver will act as a 

irro~1 sending back the sa~e ~essag~. (There is ltttl• to 

gain by d~fin~ng a different return pattern.) This para~eter 

is used in conjunction ~ith the following one to f·ne-tuoe the 

traffic to the desired properties. 

The ba .s,e on 11hi1ch t ,he inter .essage ti ■, e s to be m,e,asured is 

offered in thr~~ options. One can h ve the generator begin 

w iting the all ,otted ,; e aft r it re,ceive ·s. a r ,eply from the 

dest ··n ation ta :sk (whi c: h means th .at: the t ., lk bac ik par .am,e teir 

must e set). The ge erator can also wait beginning with tht 
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,aci:.nowledge ent of · ts previous send co•mand. Fin ly, it can 

simply not wait at all. The first option c aracterizes a 

dialogue betwe~n thf two communicating tasks, th 

chara,teriz~s bulk info ,ation tr~nsfer, and the l ast enab es 

one to test the c~pacity of the network p•th b~tween the two 

nodes. 

Traffic in a network is further constituted by the durations 

of the di logufs the selves. To this end, the expetifflenter 

ay specify the number of essages to be tent in each session~ 

in a manner entirely analogous to the messa e length. Thi 

c: - n be used for tailor;ng the ei.peri e·nt H t , e inte·nded 

app1Lica ;on(s) charaeted tics are known, or for making the' 

co I u11"11 i ,c a on s as d i v,e r e a dee ed n~cessary. In either 

· s 0 fflPortant because there is uch overhead asso-

e·ated 1i1 "th coninecting (establish"ng) the t ogic . l l i k s 

Cnetwor-k paths) and disic:onne·cting the·, , and the nehrori's 

b~havior is obviously affected by th~ eitent to ~hith th"s 

takes plaice. 

e. Measurements of Te t ff· .!Jffic 

Just as the experime t des,ription parameters were chosen to 

provid f e•ible but e _neise control of the traffic genera-

tio, so eQual care u t be given to the choice of data 

a~ailable after an exper · et and to th~ presen tation of this 
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The keywords here are "perfor ance easures" and uuser 

i nterfac:en. 

I t is noteworthy that this researc specifically awoided the 

t atter is~ue. Output presentation ·s aimed at data interpre

tation and th's is highly dependtnt on the nature of the 

analys · - taking plac.e .. fo ,r e·xa ple, per:iod · ca ly c:o ductl!d 

experiments yield d a,ta that, when co . bined wi•th pre,viously 

rchived results,, ean cl a r ii ty trends due to soft 11r1 a,r e 

nhance ents, sunspot interference, or al•ost anything else. 

O st tistics can b~ co bi~ed w'th those of a experiment with 

sl i ghtly pert rbed inputs to gain insight into performance 

degradation, etc. si - ce it beca e clear that the needs for 

for at ting re ·ult s 1111e re as d verse as the e• oe r i e ts that: 

could be per f ,or med, IIY da,t a, present at ion is s i ply a 

structured dump ,of ·the d _ta c,o lected .• (An, ~xam,ple can be 

found in Appendii A.> Consequently, this chapter will be 

concerned only with the c oice and d~stription of those dat~. 

he data collected and r etorded can be di vi d,ed i ,to th,rte 

c las.ses. The fi,rst deals wii th a.d i ht rat he in for at ion, and 

can range f om the t "•e of the experi ent to th~ tate of the 

network to statistics Qn the values that ~,re ass ' gned by the 

probabilistic exgeri ent para et~rs. This class i ght be 

divided further into two areas: one doc u III en ts t he c i r cu , 

stances of the experiment and the other verifies that the 

probabitistic variables behaved as prescribed. 
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The seco d class provides su•mary intor at ion. 

cou~ts, averages, and second mo ents, and 

This includes 

describe the 

behavior of cert in Logical and phys · cal units on a gross 

level. 

The final class is concerned ~ith d~tailed infor~ation on in

di~idual entities. This can be the shortest, the longest, the 

first, tht last, ~verf fifth on•, etc. Io this way, extre•e 

cases as ~ell as typical ones can be ex ~ined ind tail. 

Fo~ completeness, one might like to include a fourth class. 

derived d ta. aut th sedate are really implicit y contained 

·nth other classes • 

• Administr~tive lnform _tion 

Bee use very few experiments will be performed ic Ma~yg, and 

data ay be anal1zed onths after it is collected~ s~v~ral 

pieces of information must be recorded si pl~ to @nsure that 

the circu st~nt s around the experifflent are ot forgotten. 

These 'measu~em•nts' are: 

dat~ and ti~e of the e•periment 

e~pe~i ent pa~a~eter values 

n twork configuratioo for the nodes involved 

The las piece of infor ation is not ~ecessary ~nless the 

network is uery dyna ic; one can always check the configura

tion from ~ecords kept by the ner~ork 1 s administrator. ln 
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addition, the principal exper enters name and a field for 

commenting on the experiment's pu~pose can be ma~nt _in ed. 

Al so of interest is w ~ther the proba~ilistic para eters cited 

in section A lived up to their prescribed behavior. After a 

tong e1q:,eri1 1ent tis will be ,oe ,arly certainly· true, but und~r 

other cire11J stances it w:> d be· re.assuring to be ab l e· to 

confirm this. Therefore, the follow · ng statistics 

message len gths: umber of, sum of, ad sum of squares of 

i terme$s,age ti1 ml!$ at sender; nu ber of, ·su of, 
squ res of 

sum i0,f 

messages per con-eet: nu ber of, sum of, sum of squares 
f 

The t ree statistics of each ite~ are sufficient to e~lc~late 

the mean and variance. 

2. Su mary Information 

Ideally, Gne ~ould Like to collect every detail about ever·y 

essage sent in th networ~. Unfortunately, computer memories 

were not made to be used so frivolously, and tran5ferring this 

information would about double the load on the network, so a 

more reasonable appro ch ~ust be designed. CB,es i(jes, the d ta 

would st"ll have to be protessed for hu an consumption later 

in order to be - tudiej effectively.) 



There are two main solutions to this problem. One invo ues 

gather · ng histogra data: the frequency of an ,vent or any 

other value that mar fall within any of a sQetif"ed set of 

boundaries is recorded. Fro this one ay draw a bar raph or 

make state ~nts about the stat ' stica conduct of what w s 

measured. The seco d solution requires only a few statistics 

to su marize the behavior of the ~as r~ of concern; a count, 

a su of valu•s~ ad a sum of squares of values. One could 

a so ~mple -ent both solutions since the data collected are not 

totally redundant. 

While a istogram retains a lot of the intor~ation in a 

r e l at ·· u e l y 

gr ,eat for 

the fact 

comp ct for " 

ost applications. 

th,e e11el of detail is st i1 l l too 

This is, partially an'ifest ,ed in 

that thaosi g the boundaries is a proble that ust 

b solved, int • ru. tiv! y and not without difficulty.. The 

approach that was thosen was the simpler one of gathering just 

enough data to be ab l to calculate the first two moments; 

this and the " nformation desc r ibed in section 3 below allow 

many i ~portant state~~nrs o be ade about the network 1 s per 

for11ance,. 

The ,aj ,or tool that 11s be "ng sacriti1 ced herre is the ab· lity to 

produce a distr ' bution curve. However, this would reguire a 

histograM of wery fine resolution a~d should be relegated to a 

, .pee i a , - ·purpose pro gra 11 
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Tt e dat t at fat ls into the summ r:,· catego,.y al r-e·lates to 

t i· millg. For eacl'I .essag,e., he fol Oliling varia l1ts cllf' ,e used to 

u pdate a count, a su, and a su of squar s. 

int~r essage t 1e at receiver 

one-way del ,ay 

ro nd-trip delay, if appt ,opri a,te 

Th,e fi -st easur·e ust of cour ·s.e have an aver ,a,ge equal to that. 

of the inter - essag ti~e at the sender; comparing the vari

ances will yield useful understa d ' ng of such n twork oper -

•i ons as buffering a~j Queueing. The latter t~o measur _s are 

probab y the ~ost impo,.tant ones that c 

are the values that are of greatest i portance to th~ user. 

This of course assuffles adequate n~twork av~ilability and ac-

curac.y .. 

3. Detailed Information 

Th is class of infor ation toncerns 0 ndividual essage det ils, 

transport errors and extreme c1ses1 as well as miscellaneous 

tems 

Let us f i rst discuss what is ~eant by •~essage details'. It 

s very desirable to be able to follow a essage through its 

entire Ufe, ,r1Ho din,g wh ,e,r ,e it w.as, ho1111 long i:t took to get 

t ere, and ho~ lo-git staytd there. rh:s sho~ld take plaee 

n,at ,only at the node le1Je,l (useful for routin.g verific ti ,on 
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and statistics) but also within the node (for det ·ts on que~e 

delay, retrans i i o,n, e t c • ) • 

t •r ,acin and generates the followiog data at tach node nd for 

message header ( "dentifier) 

Um of arri'llal at n,etwork software 

ti e ready for out 1r;:11ut 

ti,u transmitted 

ti e c:knowll!iciged cu· put on retrans is.si ,on queue 

o put 

An ·ntermed "ate node Cone that is neither the ource nor th~ 

destinat · o,n) 1'ould record all this informat "on. "n end,poi t 

node would of to~rse gather only the input or the o tput 

stat ist i c ·s .s appropr · a ,t ,. 

It should be c l ear that this ability requir s od· fitation to 

the network software itself; the rest of the triffit gen rator 

is designed p,u ety a,s a network _oplication and has no a cc es s 

to the in er nal sage proc e•ssi n91 T is fun ,ct io also 

eviv s the g,r ob le of t hie extent to wh i c one i s Iii H ling 'to 

co it tesourc~s to C l lee t a L l this information. l d f1ina 1L-

should be tr ced. (Jhi s OIJ,ld ha>Je been dis,cussed in s,ectioo 

A but f r t e hct that tracin; was ore prope·rly 

here.} 

' nt r o duce d 
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To begin, there must be, echanis for the network user to 

specify llilhether a given messag,e is to e tr .ac: ,ed fh,is f ·irst 

mo,difitation h eas · ty a,ccompl ' sh,ed Dy a spec · at r9u111ent to 

the SEND cal which ~ould cause a trace bit to be set in the 

header of the ~essage. This featur~ could however be ~bused 

s i n t e t in a, y be u t ' li z e d by any u s e r. A n et w o r k c: o n t r o l c om ... 

mand to enabl ,e trac· ,~g at s ecifhd odes witl a,llev;at~ th·s 

proble • Ty,rni1ng on trac ' g just before an e111p1H· i e·nt ., and 

only at th ,ose nodes ..-her ,e it i _ use-fut to do, so, 1Jill e-Umi• 

nate a mass of useless overhead. s a me s s a g e 1 s pt o c e . s e d 

with ' n ~ nod~ s oetu)tk software, a small butter is te~porar

. y attached to 't anj upd ted as the essage ~o~es from one 

stage to a other. A soon as the node can dispose of the 

-essage (after ft ha been transmitted and acknowledged or 

passed to the end user), this buffer is transterred to a pro-

g r am (the data updater, describ!d in section C) which append 

~ t to an area reser~e~ for such infor - ation. 

T e· size of that are is one of the s:,ara eters thailt the ex

perimenter ust specify, as well as whieh nodes thould b 

t race-ena,bled. This is i p.ort ,ant bee: use trace data c 1.n 

quickly fill a lot of paee and, rather than transfe this 

data online to the expert ent control node (fro where the 

experi ent is be "ng con~ucted) and risk perturbing the very 

traffic being measured, the threshold of a full trace area 

wil trigger a trace disable at tat node. 



The last topic on tr - cing ·s describ~ng which messages sould 

be traced,. The e1q;ierimente .r tan sp,ecify, on a per record 

bas.; s i1 the frequency or 

relative position of the essages to be traced. for e~ample, 

one ay tr~ee the first message fter each connect "on, or one 

may trace every tenth m~ssa e. Oynami,al y arrang·~g traci g 

Ce.g,. tr-acing a meissage th t has hijd to be retrans itted mor'e 

than onee> appears to be another useful feature but this has 

not been researeh~d here. 

The rest of the detailed information wi l follow q~ickly sine 

it is simpler to d~seribe than tracing. The numb~r of 

connects and d'sconnects for each user path (so~rce-

-dest·nat·on gair) are collected here; these ~alues ,~fleet 

com unication overhead. for each path, maxi um and inimum 

valu~$ are record:d for each of the three timing easures in 

the su ary class; these indicate e•tre es of perfor~ance. 

The CPU util ' z t"on at each node is e:sured by running a 

lowest-prior · ty progra oops forever, incrementing a 

counter. l(,nowing the C•ounter•s rate of i crementat ion and the 

duration of the experi ent akes calculating the fraction of 

idle time a simple att~r. 

Another are of useful 'nformation is status "nform tion that 

network software~ 

/inactive s atus of 

to, the 

[n this case, o ~ can retrieve the actiive-

Ll nodes,.. error counts tor all.l odH and 
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for a l · l i n ks, and a f e w o•ttu.- r good i e s t at: a re 1J , -· n t e r,e u i n g 

for or purposes. This co ,and can be ex~cuted geriod·callr 

a t th e ell p e r i e ,n t c o ,n, t ,r o l node wh e· re s t Q ,. g e s ho u l d n o t be ,a 

problem. If experience shows that high~iregueney use of this 

command ca ses d.rJta 011erf ow on long experi ents, then a 

threshold e1;:hani ins " il.~r to th f ,o r trac ·ng ,an tie imp le-

mented. 

Th-e fina,l de,si ,able feature of traffic measure ent ~o ptements 

the prec:edi g one: o,thet st tus info,r ati·on can be re-t ie1i1 ,ed 

v a progra atic "nterlace to the network data structures. 

This can take the form of either additional user com ands or 

spec·at interfaces wh"eh can b~ accessed direct y by the 

application progra - . The periodicity and stor _ge argu~ents 

here are t e same e~ce~t that, since the data ~ill be 

co l~cted locally, a thre hold will certaintr be needed. 

These data, ar : 

fre buffer Lengt~ 

e ,ach odem's ,outp t g eu,e Length 

sent qu~~e (waiting for ACK) te~gth 

et ans is ion queue length 

conversion queue length 

store and for~ar~ queue length 

It should be mentioned at this po"nt that at the end of ~n 

experiment, a l the data tOllected at every node is sent to 



the e,c;perh1,ent control node for _, torage a1nd analys · s. 

C. Program Modularization ad Eiperi~tnt Control 

As with any complei, distributed software proj~et, proper 

progra~ odularization is the key to nirvana (or at least to 

·t.s closest pproid 1 ation in a computer environrD •ent)., Th " s 

section N°ll detail th~ division of function a ong the on-l"ne 

odules as well as their control structures. Vario s other 

separat~ (off•line> but necessary progra•s will also be dis

cussed 11'1 ere., 

The reader should be awar• thar a few parts of th~ fo(lowin 

discussion deal with soft~ re features specific to the ~sx-11 

environ ent. Where poss"ble, all such references ha~e been 

re e ,gated to the ap,p ,e111d • ces,. but discuss io ,n of t h,e real · zat ion 

of certain design goals requires that they be entioned here. 

6efore describing the tr tfie 9enerato~ 1 s organization, it 

~ould b useful to define the assumptions that have been made 

and the philosophy of its ~se. 

The first point to ot~ 1s that t e whole syste - runs as an 

apptieation, on to,p of the n,etwork .. rh·s natuta ,_ y as its 

d " .advantages, as well .as its ad11anta.ges ... A though the hHeg, 

rity of the perform nee •easure& obtained will be tompromised 

if other net~ort traffit is present1 it is more significant 

that the network need not be de~oted to the generator. The 
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reaso s are many. Reloading the syste with specialized net

work software · n a coordinated fashion over a mod~r _te-sized 

network a 1111onst - ous, ti me-c: on sw11i ng proble ., 

(Sop,histi ,cated ,cro5s- e-t oper.,tions are not yet a r ,ea 1 ·ty.) 

Alternatively, aoplic tions ca be run dur·ng off-peak times 

with li1ttle de,gradati::,n o,f results, or s 1a t s,eg ents of a 

network can be tempor~rily isolated to thoroughly test speci• 

tied links. Thi feat~re basically take account of the fact 

that any network, co.111111er ,cial or deve opmental, is ,enor o,us. 1 'I 

expens · ve to oper~te, and it is hardly acceptable to ~•oett 

l these re our~es to b~ devoted to a single task for any 

length of time., 

A •Oth,er characteristic 1s thl! s'iingle control p.oint. Although 

many nod1es would be invo ved in e ch el(peri ent, it .,.as es-

sentiat that one person could control it. ny other approach 

would assive e o ,Iii un · cat i o,n and ,oord inat ion 

difficulti~s owershadowing ny problems in remote control. 

One tut the r po· nt us t be 

details. Hu,• interac;ti.i,e, 

made belQre launchi~g 

philosophy ~as chosen 

int ,o 

the 

static one. What this eans is that the eiperiment~r, ooce he 

has defin~d the liffiits of the experi~ent, is free to work 

within the,m: activcJting ce-tta1in path, r t:rie'41'il"lg d .ata, ei,a

bling trac · ng, reinit"aliiing statist · es, deactivating or ac

tivating othe pats, and in short, react · ng to the results 

and achieving much ore effective use of h · s and the n~t~ort•s 
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ti me ... 

Module Description 

The first odule is a ta d·alone program that defines the 

limit - entioned in the preceding paragraph, using the para-

meters des,,cribed in :sett · on as well as the tracing option. 

I t i s a c on v e rs a t i on al pro gr ci, t hat b u i l d s t he ex per i 1J en t de

s c: rip ti on ta1ble ( s ee · p,,pendii 13) with ,one re·tord fo ,r each path 

(generator-receiver pair) Paramete s ate verified as they 

are, entered to theck for proper data typ e and r a nge. The 

program has an edit ~ode in addition to a create mode, and 

stores th ,e table in the file _ystem, w ,ere it ca,ni be ,alled up 

by the ex per · ,e11t ,contr·o · progra, • F inaUy, if a file, i, s 

available d~scribi g the network configuration (node charac

teristics and conn~ctions, etc.>, then this pro _r m should 

verify that e~erything de~cribed i$ possible. Some node may 

not support tracing, or a node nae ay not exist, ~nd muth 

wailing and gnashing of teeth could b~ prevented by 

disco,vering th4PSe - istakes .b::l1.2ti the experi e•rit. o sum -a-

associated with the 

expeFi ent should be siphoned off to an off-line program: to 

do otherw · se would encourage an inefficient use of resources. 

All other iupport progra s deal with analyzing the collected 

data, perhaps in c~~junction ~ith prev ' ous experi~ental 

results. As noted near the begjnning of section 8, these ~ill 
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be ton~eniently but justifiably o itted fro• this study. A 

simple progra that provides a for~atted view of the data is 

sufficient in lieu of ore ·ophisticated analysjs. 

The re$t of the ~odules ar all part of th~ on-line etperiment 

en~ironment, and are therefore closely meshed. fi9ure 1 

depict~ the control structure at the control node. figure 2 

detai s the data flow ~etw en ~odules and etwe n o es. 
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At the center of activit~ is the central experi ent control 

rout "ne. Jhis ~rogra~ tommnunicates with the xperi m,enter, 

parses the 

1:iropriate 

d · stribut •ed .. 

to mands, and conveys his instructio s to the ap-

Otal experi nt control routines which are 

one node. These programs are the 

lieutenants, obeying the higher central authority, nd 

de egating th• chore ~f essage trans~ission to the generators 

and receivers ~ithin the 1ocal ~od~4 The generators and re-

ce·vers in turn utiliie the data base updater to aintain a 

single area in each node ~~ere the data described in stetion B 

are stored. A monitor program periodically wak s up, gathers 

some status information, and passes it to the data updater. 

And finally, n idle ti~~ counter leisurely keeps track of 

time w~enever ~t gets the chance. Det iled descriptions fol

lo'oil,. 

Control of the experiment is divided into two levels. 

c ear- that th,e ex;peri e ter inUst run the s. ho.,.. through a single 

entry point, ~et com nications require ents would get out of 

hand if dir ct con e~tions had o be ainta · ned with every 

module i nvo l wed i n t e e x per i men t. r her!' tore the two- le 1Je l 

hierarchy of central experi ent control ro _tine (one pr 

ex pe d rnent it , Loe .at ion defines the ex 1per i en · ~,ont rol 

including the eo~trcl node) was developed. lt s necessary 

now to discuss th functions of th central tontrol routine 
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before the other ~odules ca be brought into focus. 

Central control ts the experimenter•s gatew - y to th~ traff"c 

generator system. Its pri ary funttions are to initia ize and 

carry out the experim~nt, all under operator instructions. (I 

wi L s~itch to the less for al nae of "operator" now hat it 

will be used much more frequently.) fnitialhat:ion · s far 

from tr "wial process, and is automated almost completely to 

avoid hu .an erro.-. A ot of i1nfor11 ion itluSt be a :ssembled and 

the s~nt 

be ach i ,eved. 

o,perat: or s 

off to the ptop,er ,p.laices; f any coordinat;on is to 

The ~ery first steD is to retrieve, at the 

req~e$t, the e1periment description table that was 

pr~pared pr~wiously. this table ~ust b~ broken down ·nto 

e•periment control tables, one for each node. Each of these 

tabl ,es wi l cointaiin all the inf or ati ,on needed for a lo,cal 

contiro routine to direct the t~affic generator fun,tjons at 

its node~ 't is e ·ssenti~ll, a p.art.iti ,of'dng of t e e•pe ,ri111,ent 

description table by odes. 

The first ctual use of the network takes place when he cen-

t rat co tro,l e·st 1bl · s - es com "'ni,.at io 1,dth tne lo,c .ail 

The neit act is ~ritical for networks without a 

c,ommon tie base: all the nodes must b ,1!' synchronize ,or 

eas rements, trace data, ett. wil 

ful The method proposed for 

be considerably Les 

achieving this _akes 

d Lay 

few 

ssumptions, and s imple to 1mple ent. Provided that the 

Le~el of other network traffic is low, the synchroniiation is 



accurate at least to 1/60 second~ the resoluc · on of the test 

co~puters• clocks. Central control will play the generator-

-receiver game with each loc~l control, one at a ti~e. Short 

messaaes ~ill be excha ged ~ith a loca ti~e sta~p on each. 

Fro - these values, the a~erage one-way delay in eaeh direction 

can be calculated and, assuffli~g that these delays m~st be 

equal, ~alf their difference must b~ the correction to be 

applied to the "lot 1l time-.... (Co ,ntr-ol~node ti e s 

arbitrarily made the standard.) This Local adjustment is 

stored at each local node and ··s made to all ti e val , e . that 

are recorded there. 

No~ the weight of the in ' t"al zat1on is thrown onto the 

shoulder~ of the loca control programs. Eath reteives · ts 

resp~,tive exp~riment control table nd sets its house in or

der actor~ingly. Generator and receiver modules are prepar~d 

for e~ecution, the data updater is started and instructed to 

initiat · z i t s d a ta b, a s.e JI the on i t or and id l t!! t i me counter 

tommence operations, and trace capability is set 1f requested. 

Any de\l:i , tions from int ·nded operation must of course be re

ported to the control node~ as ~ell s reassuring "AOK" mes-

sages if all ~ent ell. At last the operator is ready to 

e • p,e r i me n t • 

Certain commands are necessary if several e•periments are to 

be made in suc~ession without shutting down the entire traffic 

generator system betw~en ru~s. Oth~r ste~s ar~ required to 



coord;nate t 1e collect ion of data from s~ver~l nodes. A d 

so e com ads ate needed j st to ake life si ,ple~ for the 

operator. A core set of these commands wi 

.Details, on those that , ave been i 1 plemented ca 1oe• found in 

t e append:ices. 

To thange the envir-on ent of the xper ~ment, the· ,o,perator may 

activate or deactivate soecitic links. These correspond to 

the record of the experi ent description table. 

spec;fic nodes can also be enabled or disabled. 

ra, ing at 

ihe charae-

te..-ist · cs of' each li k (s.uch as 111essa.ge length) sh•ould not: be· 

allowed to chan e, ho~ever. This destroys the integrity of 

the exper; ent descr ·ipti o table a,nd allo·ws too much f 1reedo, 

to tr ·1 fl 111i th de ·ta1i1 1 s. Both enco1.11rag~ p,oor exper 1 ,ent de• 

sign. 11 it is des'ii"'able to, have links of slightly 

character ' stics1 the seve al entries can be 

expe ,l"i ,ent deseri·ption time~ and th~y can be 

1,1a,ying 

ade at 

ac:tiva.ted 

individually. It ay see so ewhat di~dainfut to make th "s 

,e t~ictio, but discipline must be instilled in a tool 1 user 

as weL as i - 'ts developer. 

An operator ust a so be allowed to r!trieve results and 

reinitialize data base in ordtr to make more than one 

exper · ment. hes.e two 

sync roniization. For 

functions reintroduce the need for 

if data from diftertnt nodes are not 

initia ized at the sa ~ time or collected at the same ti e, 

then t ey real y span ~ifftrent time periods and do not accu• 
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ratelr reflect the sa e set of events. A ain, central control 

will make ' t perfor properly. When it ade its first 

syn(hronization, ma~i um outgoing delays to each node ~ere 

noted. Th~~e ~re no sed to calcul te ti e sta p which is 

post-dated by severa ti es the max'mum delay i the network. 

Th"s will not a ount -o more than a few seconds 

network. When each Local ,ontrol receives 

for 

one 

a small 

Qf these 

instructio s, · t wai s ~nil the designated om~nt to flip a 

b " t that enabl~s/disables the data updater Thus all data 

bases are reinitialized or retrieved simultaneously. If due 

to extre ely unfortunate circumstantes one or ore of the 

tommands atr · wes lat - , then the operator is notif ' ed and ay 

try again. 

Other convenient co ands ight involv~ running an e~periment 

from a co ad file or invoking simple analyzers for on-line 

aid in for ulating th~ n~~t exper ent. There is no ~nd to 

the elaborat i ons one can ake in this area. Needless to say1 

that will not be done he r e. 

he para eters that local control rec~ived fro central con

trol are stored in an rea shared with t e generator and re-

ceiver progr ms. Each node ~i l l support sev r , l generators 

but only one reentrant copy is necessary; th"s saves space and 

the para~eter area goes a long way to helping ach "eve 

reentrancy. Jhe ge~erator is run ~hen r e local control rou-

tine act ' vates i at the operator's req~est. It halts when it 
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sees its abort flag set aft~r a deactivate co and. This 

co operative abort gro~ides a much cleaner and quicker inter

the g,enerator 

out of memo,,-y k1ckin9 and screa -'n • In be ween the aetiva-

t· on and deacti~ation is were the interesting t n s happen. 

The generator· ,u s ,es ,a , l the para1neters of s ,ettion A to con ... 

struct messages and t~ time their departu es. Jhe only ,e
str1ttion on size i s that every ~essage ust oe long enough to 

carry its time sta~ps. After ~a,h eonn~ction is e,stablished, 

o,. each 111e is ·sa9e sent, or ea ,c , reply received, the g,enerator 

calls the data updater program with the appropriate parameters 

tc keep the data base current. 

Under typical traffic co d it i o,ns., the generator ~ill spend 

o s t o f it s t. i me d ,o r na an t • On t e · t ha, s cl et e r mi n e d w h en t h e 

next m,essa.ge ·s to :>e sent, it wa·u on a el ,ock for the nee-

essary a ount of t"me. I is awakened just n time to send 

the message. 

of retu 1rn 

An,other aitter worth mentioning is the ,.ecept ' on 

goa,t of 

returning 

r ,e c e i 'Y e•d. 

essage,s. 

his project, 

essag,es be 

Sine~ delay easurements arP a pl"i ary 

i t s absolutely required that the 

intercepted precise y 111hen they are· 

This necessitates an as yneh l"O no us task hat is 

activated by the generator each tie a two-~ay message is sent 

and which s res the ge ~rator's para et~rs. the Asynchronous 

Sys e Trap mechan·sm in RSX-11M sat "sfies this reQuiremeot 

and has been used here to properly set si plt program 
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whi,c:h wai-1:s for a mes=age, calls the data updater and 

t:er inates. This •odul ,e is called AST in fi1g1ures 1 and z. 

The receiver odu e is c ,one!ptuaUy uch simpier t ,an a gen

s·nce the only d c·$ion it is ever requir d to make 

is whether or not to send a message back (again, instructed by 

Local control>, there need be only one receiver (logic:ally, 1S 

well as physically) per node. This program s ' mply s·ts around 

waiting for messa eon any active connection. Then it calls 

the data pdater and possibly adds ' ts own tim! stamp to the 

essage and sends it ~hence it ca e. 

The -,oni tor 1module i1s oblivious to a l traffic pass ·ng through 

the node. Its sole funct~on is to period'tally read the net

Mork status ta les ~i~ co m_nds or programmatic interfaces and 

e•tract error c:ounts, queue lengths, etc s outl · ne in set 4 

tion e. It passes this information to the data updater. 

Since this data does not accumola e as quickly as indiv"dual 

statist'cs on messages, t is relat ' vely safe to int ude 't in 

raw for (not summarized, as the other statistics>. A 

threshold rn~st be maintained, however, and if the a lott~d 

space bec:omes filled ~ith th ' s typ• of information, the data 

updater will return ~ith a status ind·cating that the mon·tor 

sho, Ld s.hut "tself off. It can be reactivated the next t"me 

that the node's data, base is initi lized 

F"nally we come to the ~ueh-mentioned data upda er. f hi, s 



program is essentia Ly everybody s s~ routine for ~rite access 

t o the node's data base. There are several reasons for this 

strategy. ainly, a shared data base is easiest to ioitial-

ze, retrieve and co ttol A 1dm1p it ,e ·nstr ,u,,ction fro I local 

control is suffici,nt to prevent or allow further updates. A 

fortunate side-effect is the eas - ~ith which changes to the 

d~ta base format can be ccomplished (p~rticutary useful dur-

in g de~elop entt>. T~e data base coot~ins data en essage 

statistics, monitQr statistics, and tratin9. The latter two 

r eQuire thr ,eshold 111echa,nisms as outt·ned above. Thi _ also is 

t e responsibility of the data updat•r. 

Th e last mo,d'ul ,e c .. ar,, b,,~ quickly su,- iiari.ud .. The lo1111-priority 

i d e t i e c:· o u n t er l oops ,n u mb e r o f t i me t h a t h as. be "n 

calc lated to reg i re a known ti e period and then calls the 

data updater ( ,of tourse) t:o inc re ent a counter. Subtracting 

t hi s t"me fro the duratio~ of th~ egperi ent yields the 

processor ti~e tonsu~ed by the experi~ent. 

It ~ould be fitting at this point to re~terate t e utility of 

the o~erall contro structure by Looking at it from a other 

angle·. A l l int ra-no,dl commun ;, cat i ,o Ml t a.k e place v ;, c 0111110n 

da a ar~a,s. All inte·r-node ,c.ommu · c .ations, wiith the exception 

of generated essages, take pl~,e only between the central ad 

res.p _ctive local e.11peri ent control routines. Tnis latt ,~r 

restric:tio eli i~a es potential ehaos by establishin a 

s rict but -atur-at hi rarchy for control atll:I data transfer,. 



IV Imp e ,e , ta,ti ,on .and Reco.• ,n,dat·ons 

A deign for a general-purpose network traffic g•nerator has 

been presented. It~ phas·zes ease in experi~ent preparation 

and flexibility in control, as ~ell as useful statistics col

lect'on. It is now tim• to discussant plementation of this 

design. Thi, discussion will focus on the funct·ons performed 

by th i ole~entatic~, d'fficulties enco nt ered, reco~ enda

t"ons for si~?le en ance•ents and added features, and reco~

rnendatio ,s for its effici,ent 'Use .. 

The traffic generator syste that was actually impl~~ented can 

be most bri~fly summarized by pointing out that it contains 

every - ajor feature described 'n the preceding chapter w"th 

the exceptions of tracing and status onitoring. It was 

wr tten for DECn et under the RSX-11M opttating syste in the 

su er and fa,Ll of 1977,. At that tie, the r,et~ork software 

was not released and was still undergoing development; 

consequently1 any unilateral tinkering ~ith it ~ould have h ad 

extremely short-lived support This is the main reason why 
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t i-ac ·ng and ord .or i1ng wer fors aiken in this i o eme tat ion. 

of au the functions describ d, only these ust be able to 

examine the i t-rnal net~ork data structures. 

said on th"s later. 

The follo~ · ng programs ~ere wr·tten: 

fllore 

experiment description file forffiatter and editor 
central expedmer1t control routine 
local ~xp~ri ent control routine 
traffic gene.-~tor 
traffi .c receiver 
data pdater 
·idle timer 

i ' l be 

The first progra - essentially Le.ads one by the hand :in 

developing an exper· ent descrip ion file. for eac path de-

script ' on, each p ra eter is asked for by nae a~d validated 

as · t · s entered. The entire t· le ca,n be displa.yed, a,nd ea,ch 

field can be tndiv "dua ly edited by specifyi~g the path nu~b~r 

and the field name. The fields are all described in Appendi~ 

B, including some that we~e left out of chapter lfl for 

For ex_mple, this progr m assigns nymbers to gtner

ators o~ a per node bas·s fGr ad in " trati~e purposes, but the 

user will never need to see these numbers, let alone be re 

quested to define them. 

The 

funct·ons. 

partitio s 

c,on t ro,l routine pe rforms all its designed 

It re ads t h,e ex per i men t. description 

it ·~nto expeti11ent control tab,les (also described 

in -ppendi• B) for each node, synchronizes each local control 
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routine, and e~ecutes the ogerator•s commands. lhe imple-

mente,d, CO· mands ar ,e: acti~ate specified paths1 deactivate 

spec'fied p th ·, e•i· t fro the e.1q;:,e,r · ffl• t, init · alize s.peci

fied data bases, and retrieve specifi d d ta ba es. When 

p e rformance data is retrieved, the central control routine 

perfor s an integrity check to ensur~ that the environ ent of 

the eK~eri enc ~as stable while each retr · eved data base w s 

active. his ·s cco~pl shed by incre enting a centrally

-stored ser i es nu ber whenever a co and · s · ssued to a,lt er 

the traffic oattern. fhe local series number is uDdated only 

when the local data oase is reinitializ e d. Jf thes~ two num

bers match~ then the data is stored awa1 in a user-spec"fied 

file, along with a f "eld describing the duration of this 

experiment ser i es. 

The local control routi n e carries out alt 1.nstr uet ions 

receiYed fro the central routine., No other progra 

communitates with the eentra control routine. fhe other o

cal control duties are initialization, ~h ' ch is done top-down 

in the control hierarchy, and e~Deri ~nt termination, which is 

performed bottom-up. 

Gene ators and receiv~rs were built to perform all he de-

signed funct i or'II exc.ept for the ability 

header flag arking a mes age fGr tracing. 

to add a spec:ia 

Messages can be 

sent one-way or round trip, may wait for ac~nowledge ent or 

not, can v ry in le~gth, etc. 
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The data updater updates the data b se on request fro the 

rece · ve~- the generators, ,r the idle ti•er. lt alsc formats 

the data for the oc l control routine during retrieva. 

Ho ,we v e r, i t nee di not b o t h 11! r t hii s t i e w i th rn on it o, r st t "s or 

tr~te data. The data base is dtta'led in Appendi~ a. 

The dl~ ti er was tested s the, so L,e runn ng pplicatio•n 

program to deter ine the nu ber of loops it ust e~ec , te to 

consume one second of CPU time. This value was incorporated 

into the final v1ers· ,on, and the ti ■er cal.ls the data up,dater 

after every ac:cu ulate "dle seco - d to increment a counter. 

All cod"ng was done in Fortran, except for a single subrout·ne 

to set up the asynchronous trap routine to capture a returning 

essage, as ·t a ri-.,ed tto the raffic: receiwer. Th;e Ma,cro-11 

assembly a 9uage ~as ntcessary to acco•ptish t at1 white the 

use of Fortran speeded up the bulk of th~ ~rogr•~ preparatjon. 

B. So e Oifficulties Encountered 

01 ther than the probl! - S tnc:.ou,ntered 111i th i ni ti al t u fa~· l arity 

with the operating s,ste - details, there were fe~ s~rious 

proble111s that had to be overc:ome.. ,Most pto,ble, s that did e ,rop 

up had to do with the use of fottran. un1ort n tety, the 

systeM that was av~ilable was used primarily for asse bly 

progra d~velop ent and tberefore was not configured for 

fortran use. Needless to say, e•perience indic tes that th s 
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cirt~ stance should be avo·ded or at least properly adjusted 

as early a possible. Problems persisted after Fortran was 

installed, but their severity decreased exponentially over 

ti~e. Another difficulty has been previously e~plained. lhe 

need for an asynchron~us recei~er of retu~ned messages, which 

could co unicate with the generator, had to be resolved by 

u ing features found only in the asse~bly anguage. The 

' inta ,ge of the compiled and assem1bled code was ,easi l.y aiceo •· 

pl'shed by follo~ing the fortran control and para eter passing 

convent i1 ons. 

The greatest dis dvantage of the use of the availab l e Fortran 

installation was its relatively i~eff "eient use of memory. 

This vas apuarent both ·n t~e greater a ount of sp~ce consumed 

by Quivalent code, and in the extra b~rden of the langua9e-

-dependent orotessors. To co~e to the point, these forces 

conspir d to devour e~ory so that, quite early i~ testing, 

o~erlay became necessary. Keep in mind that the generator 

system wast e only appli,ation running at the time. (To be 

fair to the comp~ter, it should be not~d that the poor machine 

was without memory anagement.) Fortunately th ' s dileffl~i 

occur~d o,n1ly at the co t ro 1 node which · s distinguished by the 

presenc~ of the eentral control rout ' ne. This is by far the 

largest progra • The _ olut · on t ,rned out to be triviai ,L since 

the design of both the central and lotal control routines 

could e · ch be neatly p .ad:aged into an in ' tia,lization section 
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and an in r ctive eiperiment control section. These run not 

on y independently, but a so ser "ally, so overlay overhead is 

pra,tically nonexiste t. 

One further proble was the case of •uch consternation. The 

i·mmediate rec: ,onnect ·on of a p,ath after its disconn ,ection would 

sporadically c;ause the genrrator to quit because the previous 

connection was "still tn effe(t". Introducing a significant 

delay, sue as pri ,ting a ines,sage after a d " sconn ,ecti ,on, 

eli inated the enigma, but at the cost of aonoy·ng extra out• 

pu and a far from e l !gant generator. The disconnect software 

was naturally highly suspect. This susoic on was r~inforced 

by the repeated failures of every reasonable effo~t (and Quite 

a few nreasonable ones) to modify the generator and receiver 

on the< ass m,:,t · on t!:iat they wPre the culprits. lhe- inieLegiant 

SQ l ut i1 ,on rem · ns, a hough the · y s te bug has pre S!.i m _ bl y b ,een 

correct~d. An lternate solution would involve build"ng an-

other d sconnect mechanis, independent of the - etwork 

di5tonnect. ;his basital "I a~su es, g1reater sy c .ronization, 

whereby the gener tor would send a special message telling the 

receiver to "disconnect when finished with all 

communi, tions." Since the generator wil not send this mes

sag until 11! com unic ti~ns a e to plet~ ther~ can be - o 

prob em of ti-ing. 



It should be clear by this Goint that ,uc can be done to ake 

the traffic generator a 

fortable one to use 

ore powerful too and a ore com-

Several features would b~ Quite si ple to impt e ent. These 

includP expandin the co ad set, decoding error ~ssages, 

and rewr-ting the whole t~ing in ass~ bly language. The 

latter can be ca led simple, eve • though it is quite ti e 

-consuming. 

The present command set s a bare ini~um necessary for 

running a series of eiperi•ents. A help command to sum rize 

the co ~ands and the "r syntax would be useful to the no~ice. 

An atfile coMmand to transfer th ,e ·nput streani fro, a ter in l 

to a file would relie~e th~ operator of the burden of deali g 

with the details of repetitive experiments. lt would also 

help eli in te errors. With such a co and file, speci~l 

co - ands wo,uld be· nee ded to s,pec i fy a dela,y bet ween 

and to transfer ,ontro back to the operator. 

dis.play- ea ,s11Jre.meot co 11and would bie us.efu t to, a l lo w 

to 111 ,ands 

LiJStly, a 

the o,p-

~rator to exa i ne eiperi ant results. This would per it in

t~ractive e•periment desig", and need be o more complicated 

than the si ple off Un,e pr-ogra111 that currently d1.1m,ps results; 

onto the ter inal. 
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Another convenience would be clarification of error messages. 

As a matter of expediency, any error statuses are reported as 

numbers or in some cryptic abbre~iation. As the generator 

matures, this ~ill no L~nger be acceptable. Error te•ts can 

be stored in a file separate froffl the tentral co rol routine 

Of the straightforwarj e ha ce ents, the one ~ith the gr~atest 

impact is rewriting the entire generator syste t ~ssembly 

language. This would ake the object Modules ~maller, and the 

code fast r. It would et "minate the Fortran network i , terface 

and the other Language-dependent overhead. In short, it would 

greatly ·ncrease the perfor~ance of this performance tool. 

The improvements mentioned thus far deal with con~enienc~ and 

speed. Implementation of the followi g more ophjsticated 

features is aimed ~or at ·nereasing the gen rator•s utility. 

The need for - o • of hese is obvious. Others would be useful 

in special t $es. 

The status mo , itor and tracing h. ve been discussed at length 

in chapter Ill. he addition of these two features would make 

a fairly complete traff~t gt erator. One aspe,t that deserv~s 

more ent·on, however, is dynamic tracing. Since one ay be 

interested in messages that are transmitted in error, a dy-

namie trace option ~ould be andy. (Omigosh nother 

para eter!) This ~ould selecti~ely enable tracing for the 

essa9es that eneoynter sp~c · tied ~rror condit "ons. Note th~t 
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care should bet-ken in its design bet use this option can 

become very co plicated to use. lt is possible to bring it to 

the lowest protocol lewels to select error conditions partic• 

ular to the· Un,e protoco .s. 

Incidentally, the ecnsiderabLe effort e~pended on de~elop ent 

of the trace c .,ap. bi ity do,es not have to b•t tor the exclu,s, ive 

benefit of the perfor nee experiments. it c n and should - e 

us ,ed a.s ,part of a h1ll-ti11e monitoring fa1c· lhy, an,d switcht·d 

on or off as neede·d,. Indeed, in the IL ong run, it can be in-

te ,gr t •ed into s l f-di agno,s ing net111or k,. 

This is a good p,lace to be r ,e iiinded that the whole rea of 

data a alysis has ot been addressed in this paper. This 

m i g h t b ~ ca led t he o t her ha l f o f t a t ' s t i c s ,ea s u re• en t ,_ n d 

cannot ~e wished way in a full i ple ■ entat·on. 

Another desitable feature is re ote operation of the centr l 

control rou ine. Because it is a large progra, it may not be 

feasable for the exper · menter's local node to support it. It 

seems logicel then to invok~ the prin,iple that brought net

~orks into being in the fir t place, and bri n g t e power of 

the larger computer to the user without bringing the whole 

computer. The virtual c,ntrol node would only ne~d as all 

program to pass co ■ mands and responses verbatim to the actual 

cont ro l p,. o gr a _ t the p ow,e r fol remote nod e .. 
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Remote operation is also needed tor setting up the prog~a sin 

individual nodes before the experi ent can begin. Und~r 

oecnet-11M, when a ~o~~ection is ade to a correspondent pro

gram, that progra - ust have been in an ''installed" state, 

ready to tun. Th 0 s poses no proble if the net~ork ·s a l in 

o e roo - (as was the case dur·ng testiog) or if every node is 

attended by an operator. But other~·se, here i$ no one to 

type all the com nds. A general-purpose fac"lity similar to 

down-line loading would fill this need admirably. 

The last enhancement conc~rns diagnosis 

i tself. any progra s are scattered over 

failure of any one of them has an impact 

of the genet~tor 

any nod~s, and the 

on the experiment. 

But unless the failur~ occurs in the experi e ter•s node and 

the syste oper tor's t~rmi al is nearby, the fa "lure will 

typically 90 undetected unti the ~xperi ent is terminated. 

Each local ,ontrot routine should have the ability to confirm 

the functioning of iti local group of odules, and to infor 

the central control rG tin! of any abnor aliti s. This can be 

~ost natural y done aft!r each co and. 

0. Usage 

Finally, tet us d ' scuss undt~ what circu stances the traffic 

generator shou d be used, and ho~ it ight b used in the fu

ture. For an example of how to use th pres~nt 

"mptementation, see Appendix A. 



first of alt, tl'u! g,e.'lera o,. syst h not limited to ny type 

of configuration.. If a no::le name and a grogram name are 

suff"cient to get a messag~ to its destination, then the gen

erator will function - Tis is really another advantage of 

w ,r · t n g t h e p c:. k g f' as ,an a pp l i ,t a t i on • A s l on g a s t he i n t er -

face re ains const nt, then it does not m~tter whether the 

net~ork is lotal, global- star, ring, hierarchica, or what 

h ave you On y the tracing and status monitoring modules have 

to be specialized. 

Altho 9 the system h~5 b e'l tested only on a t1i10 -node net

wort~ it is capable of being used in its present for~ on a 

oetwork of any size or sha e Each node can operate as many 

generators as it ta'l support, to am ximu of eight. 

are no other logical constraint • 

Ther 

The types of experi ents that can be perfor~ed are quite ~ar

ied because of the general n ture of the generator. They ba

s.·eally f _1 l into t1110 categ:,ries: performanc:e measurement and 

faslt diagnosis. 

Perfor ance measurement co~es · nto play as soon as an inte-

grated networ~ ,an be ested, ~nd stays with it through the 

rest of its life cycle. In the beginn·ng, acti~icy ~ith the 

generator will be co - fined co benchmarks and verific tion of 

message transfer~ Th1tse are · ai lly easurements of a gross 

level - As the network atures and its in ·s ides subi · zer the· 
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progra•matie In terfaces to the net~ork software can be "mple

mented. This wi~dow ~ill allo~ mo,~ detailed statist ·e s abo t 

states and event ,s .. As the network b,u:o es ore of a tool and 

l ess of a develop ent project, the gen~rator wil evol ·1o1e i to 

mo · rorhig dewi ,ce. Some funct·ons 1,11 l be used 

sporadically, such as loading a new Line to e,asure · c:s. 

ca pa c i t ":I i a n e w , , n.,.. i r o n,111 en t: 0 th,e,. features 

.raff'c, ll ,evels, 

wi l b,e used 

pe r · od · c at y to 1mo i tor usage, 

co~gest "on tr~nds, etc. 

This n 1tura,lly le _ds i ,to the se co ,d i; at eg,o ry, f auU 

d"ag os1I s,. Ideally, appropriate tests will be automatically 

initiated when key indicators approach dangerous ltvels, or 

when co - pon,e n t f ai ure is r ,eport e ,d. 

easure~ent ~ill then be used to trigger perhaps even ore 

sophisticated routi , es, or so e super-operator ~ill act o 

hem. Th,e generator syste would tlear lly pla1y only a s .all, 

althoug h i 1porta -, t ., pan of suth a syst ,em. -ess ide ,ally, 

f ailures, t reshold uiolations, - nd user comp aints ~ill be 

reported to the ~eatest operator or to so e centra l authority. 

From there, a test will be perfor~ed to verify that t~o node5 

are conn~cted or to check tat a ,ertain line re ains taaable 

of oper - ting neat its stated capacity. I this way, both ha~d 

and soft f_ilures may be diagnosed, ad o~e can ,t better 

tlu s as to which ,omponent :y be at fault. 
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APPE~DlX A 

SAMPLE EXPERIMENT 

lo help concretize th preceeding discussion, an annotated 

for t s appendix~ on~ of the simplest possible ~xa ple5 w s 

chose~ A si~gl~ log·cal l"nk is established bet~~en a gen

erator and receiver at the sa e ode. All o ra eters are 

non-probabilistic and th generator wa · ts for a repty fro the 

receiver before sendi~g _nother message. The eonfigvr _1 tion is 

simi ar to node A in figure 2 of chapter [11, ~xcept th t the 

ge~erator and rece·ver are coMmunicating with ~ach other. 

The e~a ple ~ill be easiest to describe in chronolo icaL or-

der. Therefore the e•peri - ent output will be presented first, 

and then · t will be discussed point by point. 

h~t user input is unjertined. 

1 

2 
>BY~-ti~&IL 

EXPERI ENT DESCRIPTION fl E:LfSI16&1~ 
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3 

4 

5 

6 

? 

8 

9 

10 

1 

EXP ER= ' NS E RJIE = 4 2' NUMBER L1 NKS= 
TGNOOE:::; JELA 

EN AVE= 1 oo. LEN EXP·= o •. oo 
TIM AVE== .oo I [MEXP= o.oo 
TIMBAS= R 
TGfUNC= R 
CONAVE l.. CON IEX P- o.oo 

, 1 1 a 0 a 0 0 0 0 
1 1 Q 0 0 a 0 0 

H ALL IS OK .. TYPE . '( TO CONTINUE•! 

LOCCTL. NEXPER- 1 NSERif: ~2 NUMGEN- 1 
LOCCTL• EXPERl~ENT CONTROL TABLE RECEl~ED. 
CENC L: ALL EXPERI ENT CONlROL T BLES SENT. 

1 

NUMMIR= 1 

CENCTL: NOOE 1: D!LAY; 0.0241 CLOCK C0RRR 0.0098 SECONDS~ 
LOCCTL: CORRECTED LOCA_ TIME= LOCAL JI E + 0.009766 SECONDS. 
CENCTL: ALL CLOCKS SYNCHRONIZEO. 

GEN>_,_!J.1. 
LO·CCTL O FAILURES ON UUlJ:Al.IZlNG UNKS 
OK. 

GI: N > ltj_1, :1.1 
_OCCTL: INITIALIZED. 
OK. 

GEN>B~I-Cll2Z~-~-ItL6 
TYO ERROR 29 
NO SUCH FILe: 
FCS -26, 0 032978 4 

lN "CEN2 "at 271 
FRO "M IN." at 4 

1PLEASE IG 10RE T'HE ?RE VIJUS fC S MESS AGE. 
CE CJL: R!TRIEVED NOD£ TELA. 
LOCC L: DATA -AREA RETR EIIEO. 
LOCCTL: INITIALlZED. 

GE >iJ 
LOCC L: EXITING 

C ENC T l: EX I ii N1G. 
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12' 

3 
TIME OF EXPERIME T; 3/29/78 16:40:01 
NEXPER 1 NSERIE= 44 
DURAJION OF EXPERl'IE J - 50 .. '90 SECONDS. 

1 ACTIVE LINKS: 1 
11 R ET RI Eve D NODE s: JELA 

11 4 
TELA 

MSG EN S IGML $ 'I 62 L SGJI S, I GMT SI 62 MT NCON SI GCM 
69 1 .. E +03 7.E+OS 69 1. e+DO 2.e-•02 1? 1.e +01 

SIG2CM NDISCO NR ND EL SI GR D S .I G2RO RDMIN RD AX 
3 .. E +0 2 17 S, ~ I t. E +Ot 3. E +00 1., E-01 4,.E-01 

N DEL 't SIGD SI G2D DEL Ml N 11) ELMA X 
10 7. E • 00 1 .. E +00 2.E-02 2 E-01 

NARflM SIGAJ SI G2 r JMIN A. TMAX TIM!R 
70 1,. f+01 2.E+OO s. e ~ oz 2. E-01 2~ e:+ 03 

> 

1; The greater-than sign is the syste prompt character. The 

e x pe r-i e· n t i s i n i t i a, t e d w it n t he R IJ N Cf N C r c o JJ1 an d 11th 'i c h 

~tarts the central contro routine. 

2: Cent~al eontrol i edi~tely ask~ for the na ~ of the 

eiperimenit description fi· le which is fESJ1 ~GEN,. 

3~ Central control~ ints the conten s of th~ e~periment de

scr~ption file~ The first line su arizes the experiment wtth 

its ain number, series nu ber (see A pendix Bl and the 
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um numbe,. or generator-receiver pairs lo speed 

imple eta io~, the co st aint was i posed that all generato,.s 

be in the control od,; therefor the source node is not 

specified here. 

node, TELA. 

In this case, ~t is the same as the t,jrget 

The message lengths (in .bytes} are characterized by their 

average l engt Pl an,d ea porHrnt · a par i3 , ete: r: 100 an, d O r espec

t ' ve y. Rec ll that a iero exp means a constant value. he 

·ntermess ge time and messages per connectio are similarly 

defin d at 1 second and 4 essages/conriect. The ti111e base is 

'"wait for repty" and the ta,.g·et task Creeeiv .e :r) function is to 

T e ast s·~ lines would be repeated for 

4: Centr l control presents an e.11tre e y conci, se tabul r 

summary of the experiment. The fir t column represents the 

node number, in the order encountered in the e~peri ent de

scrip ion fi e. The second colu n $hows the nu ber of gener

ator links and receiv!r l'nks to this "ode. The rest of the 

tab e gives the tin nu bers associated with this node. for 

s,ixth, seventh and eighth links, ijnd rec , · ves t .raff it on the 

second and eighth links, then its part of the tab e ~ould look 

l i k e: 

6 3 
2 

6 
2 

7 
8 

8 
D 

0 
0 

0 
0 

0 
0 

0 
0 

QI 

0 



finally, cent.r l control asts for corifirmatio o,n the 

eiperiment identification before proceeding . 

5 : All essages from local control will appear o a ter inal 

at the local node. Since in this cas e the Local and central 

nodes a,. ,e ·dent1cal, ,essages will be interspersed, sho,wing 

the interplay of the t~o progra s. 

Local contro , beg·ns ~, pr'ntin9 the expe iment nu~ber, ser·es 

number .. and t e numb r of ge, ,erator a1nd receiver links,. This 

' s. t he l o c a l iv e r s · o n o t the ti r s t l i ne of (3 ) and t h e s e, ,on d 

colu n of (A). Local cGn,tr ,ol then declare·s that it has 

received i s control t~b ~ ~ while central control simi ' arly 

declares that it has s.uccessfuUy sent a 1 l suth tables Con1Ly 

one in this case). 

6: After synchroni2ation, each control routine reports on 

essage de ay and clock differential. The different · L here 

must b~ zero because both routines us~ the sa e clock. 

Happily, the value re·poned is b 'Low one ti e unit, whicJoi for 

this tomputer is /6 secon~. 

7: finally ~e arrive at the f'rst co and. All links are to 

be actiwated. Local control ~eports that it activated link 1 

1,1 -.i th 10ut err cu·. Central control says 'OK '', 

co mand wasp rformed. 

meaning t:h 

8: S · n ee the state of the net ., .. ork 111iU J . st i;:hanged by act · -
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vat1ng link, w,e iil,us.t rei ,n,itial ·2:e any node wlrlose data base 

w lt be ~etrieved. 0therwi1se• hat node's data w' LL not be 

consistent wit a sin~le traffic pattern, and the node's se

ries nu bet w·1LL not , atch the centr ,al nu ber when the data is 

retrireved. <see the d" scus ·s on, of ser·es_num,ber o p,ag,e, 63.> 

So the next to '"and is INHh iz,e node TELA., 

problems are reported. 

This last step could be auto~ated if tvery node is "nitialized 

after de/activati1ng links .. 

9: After a wh"l, i is time to collect the data The re 

triev,e eo - and s.pe ,cifies a filen m,e., 032978.2, and the nodes 

to be retr·eved, TELA. lo prevent file o~erwrit "n~, the 

fite•s existence · s checked first. Unfortunately, this re-

sult 1 , 

i g o,r~d. 

a n un des i r e b l e f il e s y s. t e , - es s a g t-, t:1 u t t u t an t>e 

Note that local control also auto~atieally does an 

initi Liz~ after 

be done anyway. 

retrie~e s~nce that would nor - ally ave to 

, o perfor another exper·me t ~o~, one would de/act · wate ap

propriat• links, initial "ze all nodes whose data wil be re

trieved, and then after a ~hile retriev~ the dat bases. 

10: No ore e~per·me ts will ~e ~erfo med here, so we EXit. 

ink deactiv tton is auto -atically perfor - ~d. 

11~ A simple file du ,p pro ra , called R'ETREII will ex ibit the 
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data just coll cted. 

12: Jhe fitena e is the one given to th~ retrieve co mand. 

dministrati~e i~formation is presented first. The 

e :x per i I'll en t nu be: r and t h e li s t o 1 a c: ti ve l · n ks a r 

to define the e~peri ent. 

sufficient 

14: t last we see the data itse l f. Sinte this project was 

not involved in da a analysis, the data is presented in ~ery 

crude for I ju~t as it was collected. 

Data field names beginning with SIG and SIG2 are su sand sums 

of squares of the pr~cee~ing count field. For e~a ple:1 the 

nu ber of lengths measured ~as 69, and the sum of message 

engths was 1000, and the sum of sguares was 700 000. All 

messages ~ere 100 bytes in length so this is in agreement ~irh 

the e~perifflent description file. Data field naffies with MIN 

and MAX are i ni mu and m~ximum values of the preceeding 

measures,. 

The first two l ines are generator measures con,erning message 

lengths, ntermessage times, tonn~cti~ns and round trip 

delays. The third li~e co~eerns the one-way delay to the re

ceiver, and is ,easured there. These tht~e lines are repeated 

for each g,enerator at the node. fhe last line concerns the 

interarri~al tim~s of mess ges at the rec~i~er in thi~ node. 

The 1dle tiine tount .. Tl ER, i ·s also included 0r<1 thi5 Ltne .. 
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Two thou5and idle clock ticks, or about th"rty-three idle 

seconds elapsed at node TELA durin - this experiment The i le 

ti e was the t ' me spent in the enerator waiting for t e right 

momen to send the next essage. 
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APPENDIX 18 

TABLE DESCRIPTIO S 

This section will atte pt to g·ve a concise recapitulatio of 

Chapter l1 ~· but 

notewort y that 

exactly the tor 

a rather m,ore pro ·saic iHnner It is, 

the tables described here are useful in 

presented. Experiment description, nod 

cont rol, and statistics gathering will e ch reQu·re one of the 

following data structure1. 

Ex per i en t Des c r pt · on Ta '" 

The experiment descr "ption table is ~uilt off-l "n e and stored 

i n t he, f i le s y stem at t he exp, er i en t eon t ,. o ,L nod I t d,e

s c r i bes the traffic paths that may be activated during an 

experi ment an wh ich r.odes ay trac: ·e me sa,ge .s. The ce ,ntr 

eipertment control ro t~ne r~ads this file as its irst action 

and creates the eiperi ent control tables fro it. Each field 

is br'ef y describ~d belo~. Those that were not ment·oned 'n 

section A are purely ad~inistrative in at re and are assigned 

e'ther by th~ routin, that ouilds the table- or du,ring the 

,e•peti ment .. 
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PER TABLE 

ell!pe,. i1ment_n,umber: for eat at ogu ·n g 

experiment_destript·on: free for at field 

monitor_inter~al: used by the stat ~ monitor routine as 
t h I! s amp l i n ,g r a t E" f or c e ,r t :i o, s y s t em pa ram e t e ,. s is u c h a s 
~rror counts~ up/down status, and Queue Len ths 

series_number: identifies the number of the sub
-e)ip,e ime . t. fh;s is the only fi ,e d that · s c ang.ed .,.hen 
t e experi ent description table is put away aft~r he 
experiment. It is incremented after each de/activate 
paths co mand an:j aft .e ,r ,each i itialL · z.e/t~tri , ve data 
bases command. Jhe ocal copy of this nu ber · s updat d 
onl•t when t.he locU data base is initial ·· zed. When the 
operator retrieves a data base1 the central series u ber 
i s e o pa red w · Uri the l O· ta l s e ,r · es nu m be r • If they do, ,not 
atch, then he operator knows that the exper · ffle t envi

ron ent ~as chan~!j since this data base ~as last ini
t 4 _lized, in whtc::h trJse the util ;·ty of that data, is 
q e-stionablf'. 

PER P'ATH 

path_ ui ber ·• an i de~ t ,o the t ,ble's pa .h entries that 
uniquely identif "es eath generator-receiver p ir 

source_node• the node of the generator 

source_task: he gentrator•s task name (GEN1, GEN2, 
GENS, assigned seQuentia ly for ~ath node). 
i dent "fies wh ' th copy of t e generator is used for 
path and whi ,ch section o,f the data ba,s e is us,ed for 
g e·ne 1r at o,r 

... , 
This 
this 
that 

target_node: 
is only one 

th. !'lode of the, re,cei11,er t~$k. Sin.c:e therei 
ec~jver per node, no task na~e is needed. 

message_ engt~_ - ean_value. num e of bytes 

message_length_e~ponential_param~tet: ~ith the preced1n9, 
this ide tifies t~e e•ponential probability distr"bution 
o f t he m,e s s,,a ge le n gt s,. I f i t i s z er o, t. he ,n the length 
i s fixed. · 

i ter_message_time_ ean_value: nufflber of clock ticks 

inte~-~~ss~ge_ti~e_exp)nential_~ara eter. exponential 
probability d "stribution for tie between s~nding mes
sag1e s 



i ~ter_ essage_time_base: inter
o n either the tie the previous 
of the tie the reply fro 
r eceived 

essge time a, b based 
- essage was acknowledged~ 

the preyious ~essage ~~s 

c onnect_period_mean_vatue~ 
sent during e ch establishe 

au~rage nu~ber of 
p th connection 

c onneet_perio~_ ~poneotial_para eter. geo etric ~roba-
b ility density for the con~eet period. Since the connect 
p erio,d i measured in inu 1ber af messages, it cannot 
assume non-integral vatues. Connections are im ediately 
r e~st blished after disconnection. 

t arget_function; describes wheth~r or not t~e 
t ask is to ~e d b~ck th~ m~ssages it 
Ob~iously, if the time_base assumes a reply, 
pa~ameter i alr~a~y c,osen. 

receiver 
receives. 

the ,n this 

t race_flag: signals whether tr ti g may be enabled 

Ex pe · ent Control Table 

The e:cpell"i ,ent contiro,l t abl 1t is the local 11"1,ocle 1' S sub et of th,e 

The local cootrol routi~e 

r c ive s i't from tlU!' centra ll control and uses: it o cont ,rol 

it s ge @rators, rece i vers, stat~s onitor, and dat updater~ 

Entries with no d script ions i:lte ident ital 

e ~peri en t d scription table. 

to thos~ i~ the 

se,r · es_nu111ber: updated at each i rd t ia l i1 ze command. See 
the desc r iption abo~e for how this is used. 

moni tor_inter~al: 

ra ce_flag: infor ,i:; the local e;:perirrient control 
that an extended data base for recording tracin 
ati o u st be insta L d 

routine 
inf or--

d t _update_en ble_tlag used duf'ing data base in,i tialhe· 
and retreiv sequences to synthronize statistics 
reico r di n,g 



PER SOURCE PATH 

act ·ve_statu=: 
deact 1 vat ed 

a path as activated or 

source_dat __ base_entry: assigned by the central 
e~per·ment control out·ne when assemb ling th's table. 
Each ge erator hijs its own area in the data base for 
reco ding · ts · nfor 111at • on. 

target_node : 

essage_lengtb_mean walue: 

essage_length_ ~aonent'al_para et@r~ 

inter_message_t i e_bas~ 

connect_period_ ean_value· 

arget_ fu ct · on,• 

PER TARGET PATH 

linlo: nu111ber: 

ac:tivt_status: 
de·activated 

identifies th e path as actiwated or 

target_function: 

The data base i s divided into three sections. 

absorbs the ~hta that the st tus monitor routi~e 

generat@s, ijnother does the same for the tracing data, and the 

third sect · on contains the statistics gathere by the 



generators, the rtceiver and the id e ti er. Jhe first two 

sections require thresho d echan · s s 

lhe data base itself is accessible only to the data updater 

and the local contra routine. lhe latter oever writes "nto 

"t and reads fro~ it o Ly to retriev• the data on operator 

command. 

timer. number of t · cs (usually 1/60 seeo ~dJ that a lo~
-priority progra hai been runn ng. This is used to 
calculate CPU utitiiation. 

HON TOR DATA 

node_status: active/inactive status of neigh or·ng nodes 

error_counts: errors per link 

free_buffer_t~ngth: a ~easure of the conge tion in t e 
"ode 

output_ ueue_len3th: th~ backlog of each ode 

sent_Queue_length: nu ber of 
~nowledgem nt 

essages ~a'ting for ac-

retransmission_q eue_lengt~: nu ber ot 
for error recovery 

converston_queu~_len t~: nu ber of essages w iting for 
protocol translation 

store_~nd_fo~war~_queue_length: nu-ber of 
transit waiting for routing 

e sages in 

TRtce D~TA 

message_header: a unique identifie for correl t " on with 
trac~ data from ,t er nodes 

arrival_tiffle; time sta p of arrival at the node 1 s network 
software 

output_queue_tim,; time stamp of entry to outgut 
(logical transmission) 
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ti e rans l' tted• ti.me s'ta1 p, of physi,cal traru issioo 

acknowledge_t·me~ tie sta p of akno~ledge1 nt or 
place~ent o retrans isston queue 

output_li e: number of the output tine for rout i ng ve i
fication 

MESSAGE ST TISTICS 

interarrivat_ti e. intervals between arriwals at 
ceiver task The nu ber of messages, the um of 
and the sum of s uares cf the t " es are rttorded, 
as th~ maximu ad mini~um ti es. 

the re• 
tifles, 

as wetl 

N.B. The re ining siK cat gories of data a e recorded 
separately for each li k. 

-essage_length: n ber of essages, sum and sum of 
squares of message l ngths. These three values yie d 
me,n value and standard deviat "on. 

inter_message_tim: nu~ber of ti es, su 
,sq ar s of time ·s 

ar.d su of 

messag~s_per_connect: nu ber of connects, su ad su of 
squares of ~ssages per eonn~ct 

disconnects: nu ,bet of diseonn c:ts 

round_trip delay: nu ber of round t,.ips., su 1 .and sum of 
squares of delAys, ini - u and aximum delays 

one_way_delay: n"~ber of trips, su and su of =Quares of 
delays, ;, · 1J a , d _aic m delays 



APPEND 1 X C 

CO~MAND 0ESCRlPllONS 

This command set for the traffic generator system e phas'zes 

both fle•ible e~periment control and ease of use. Pl~ase note 

that not all of these corn .a1nds hawe bee-n i111ple ent ,ed1; see 

Chapter IV. for a eaa~pl of the use of those that ha~e been 

i ple ented, see Appe di• A. 

T e scie ,c:Hied Unit nu - bers are looikt>d 1i.1p in th,e descrip

t"on t _ble, and he co mand s routed to the aopro0riate 

local control routi n,es. There the generators responsible 

for those links are activated. The~ a return message is 

sent to central 

'inf .or ed. 

Atfile <fHena e> 

control, and t~e is 

the specif~ed file is sed for co mad inp , t io the place 

of the ter inaL. Co ■ ands and messages ti l appear on 

the ter · al. 



exit 

Help 

This undoes an activate. 

links to be deact · vated, and the This causes all 

experime t to 

saved. 

e ended. No data bases are retrieved or 

This prints a short description of all the co - aods. 

l 1tialize <data_bases> 

his is ~eat to be done fter the desired links re 

activated, so th t the essage generators are n full 

s~ing (steady state} wen data collection b~gins. If 

mor~ than one data base is spec ' fi~d, thtn they will be 

initialized synchrono sly as fo lows. A past-dated t - e 

is included in the i~itialization essages. Each local 

cont o l routine i~ ediatel7 initializ~s the dat~ b~S~ ,nd 

goes to sleep until the specified time, ~hen it re

-enables updating 

Measure <arguments> 

This wil compute and ~isplay performance measures from a 

previously saved data base or bases. Arguments are as 
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yet undefin ed., and the only measures. to be in i r hl ly 

imp ,em,ented are t ,rougt'itJut and delay. 

Retrieve <data_bases> 

This ~ill eau e the pecified data bases to be sent to 

the tontrol node and saved for 

the "nitialize command, th ' s 

ater processing. Like 

synchronously, in order that the- data i11 sew ,erat node-s 

can be correlated. Otherwise, covering different ti~e 

spans, Hae data can only be c.ons,i dered independe,nt y. In 

addition to the data itself, t e current state of essage 

generation , · .e, the activated links and their 

descr·11ptions) will be saved. Also s - v,ed w"ll be th ,e last 

intt'ial'ze time,• and th ,e prese · t t "me, crucial f ,or 

throughput ca , cutation. Note that; afte•r eha,n 1ing co,n-

ditions of the e~periment, such as de/activating links, 

the e•pell'imel'lllt ,r is responsi1 ble for initia , iz·ng tho,se 

data bases to be later retriev@d. By fa - ling to ioi

t ia1il ' ze, the data oa.s.es conta.ifcl in or-rnati ,on re lat · ng to 

more than one type of load on the network, and any re

sults will be misleading. 

Notrace <nodes I links> 

Disables tracing <see Trace) 

page 70 



This command at the end of a co ~and fi e puts the con

trol of the exp~ri ent b ck at the ter ~nal. if the file 

does not end i 

assumed. 

Trace <nodes J Links> <freq> 

Trac·ng a link causes ~essages g~nerated o~ that link to 

have their tract bit turned on. rhis is not, ho~ever, 

sufficient to get tracing infor ation abo~t them 

recorded. Jracing a node c~uses that node to record in-

for ation abour every trace-enabled essage which passes 

through it. Frequency ap~Lies only to traeing links and 

spet"fies thijt every nth message is to be traced. 
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APPENDIX D 

P ROGR ill. M LIST I NG S 

The following Listi gs are the imple entat ·,on of the DECnet 

traffic ge erator describ~d pr ari y ' n Chapter Ill. Ch _~ter 

JV de ails which part _ oi the design ~ere included nd whi~h 

were not. re pre~ious appendices fu ther clarify the 

e~ternal and intern l operation of the generator system4 

For ease of use, e program task na•es in the listings are 

atched here with the names used throughout this report: 

CENCIL - Central Experiment Control Routine 

CEN1 ini tiia hat ion phas.e 

CE 2 - o,p rat i, onat phase 

LOCCTL - Local Expt' ri ent Control ' outine 

GEN1 - Gene,.ator 

RMAC srnc~ronou5 Syste frap (AST) 

MIRROR - Recei~er 

DATUP - Data Updater 

CPU - ldle Ti ,r (CPU ut i l hat ion) 

KOMMO - System Co ■ Or'II t~ 1CData Bas,e) 



t 
C 
t 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C' 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM ceNCTL - CENTiAL EXPERl~ENT co TROL ROUT NE. 
IJRI . E' BV R. SJRAZO S. 

THIS PROGRAM ASSE BLES USER-SPEC[FIED EXPER( f T DESCRJPTION 
FILE INTO APPROPRIATE EXPERIMENT CO TROL TABLES, A 0 SE DS IHEM 
Off TO LOC L EXPERl~ENT CONTROL ROUT! ES Al THE RESPECTIVE 

ODES. 
IT PERFORMS CLOCK SY~CHRONlZ ilON 
AND OJHER SETUP TASKS, INfORMS Of Nf - ijORK STATUS, AND ACCEPTS 
INTERACTIVE CO MANDS fROM A TERMINA OR FILE. 

SUBROUT lNE CEN1 PE RfO,~ 1S ALL SET UP TASKS. 
SUBROUTINE CEN2 ACCEPTS COM~ANDS. 

DATA l>EFINITIO S, : 

SAREA 
CLOCK 
Cl'IIDLIN, 
CONAVE 

CONEXP 

Dfl Y 

DEL MAX 
FNAME 
FNODE 
!AREA 
IARG 
I D,S 

lOSB_ 
L 
LEiNAVE 

LENEXP 

LE BL 
LENT P 
LINK 
LI. NKN2 
LINKSW 

LNKGEN 

LNKMIR 

LNODE 

BVTE ARRAY USED f)R SeNDING AND RECEIVING NETWORK DATA 
US . D FOR RE ORDI G THE THIE OF DAY HI A RETRlEVE f.lUE 
80-CHAR COM ND LI E fROM THE TERMINAL OR iFlLE 
GENERATOR MESSAG~S/CONNECT MEAN VALUE, AS RED FROM 
re EXPERIME T DESCRIPTION FILE 
GENERATOR ESSAGES/CONNEC1 GEOMETRIC PROBABILITY PARAMETER, 
AS READ IRO THE EX? RIMENT DESCRIPTION FILE 
ARRAr Of O E-WAV Tl ,ES TO EACH NQ,.Df, A.S DET 1ERfiHNED DURlNG 
SYNCHRONIZATION 
M xvrn OEL4r TO JHE N00 1ES IN ~ PARTICULAR CO,M ' ND 
USED FOR: AC 1CEPTI G, AND A.SS .IGNI G F.ILE NA ES 
US E D F O R EC OR D I G N10 Ii> E NA Me S f N l H E R ET R I IE' VE f I E 
ARRAY USED FOR SENDING ANO RECEIVING NET~ORK DAJ~ 
IS O WHEN THE CURRENT . RGIJ'ME NT OF OIOL IN .IS THE LAST 
STATUS INDICATOR FOR EXECUTIVE DIRECTIVE CALLS; ALSO USED 
I DEi CTJVATE co MANOS ro DETERMINE WHETHER A GIVEN NODE 
.I S 1 NV 0'L VE 
STAJUS BLOC S FOR NETWORK CALLS 
INDEX FOR CMDLIN, ALSO SOMETI ES A DO LOOP PARAMETER 
GENERATOR ESS GE LENGTH MEAN V LUE, .S READ FRO~ THE 
EXPERIMENT Q,ESCRI - , 10 , FILE 
GE ERATOR ESSAGE LENGTH EXPONENIIAL PROBABI 111 PARAMETER, 
AS READ FRO THE EXP RlMENT DESCRIPTION file 
LENGTH OFT E EXPERlffENT OESCRlPTION TAB _E CNU BER Of LINKS) 
THE ENGTH I CH R CTERS OF TEMP 
A LINK NUMBER DECODED fROM TEMP 
USED JO RECORD THE ACTIVE llNiS FOR THE R TRIEVE flLE 
IS 'Y .If THE LINK .IS ACTIVE" I II lf INACTIVE, •t• u 
IN Ll"80 <ST•TUS 3ElNG CHANGED) 
ARRAY OF LI K NU SERS ASSOC! TED W[TH GENfRAfDRS" 
INDEUD BY NOOE 
AR Ar OF LINI( ' UMBERS ASS,OCIAlED WI.TH MIRROR rASICS, 
INDEXED Bl NODE 
usro BY SUBROUTINE B MT1 10 BUILD THE DESTINATION 
1DESCR'IP OR AREA 



C 
C 
C. 
(. 

C 
C 
C 
( 

C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
,c 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C. 
C 
C 
[ 

C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 

LOC 
l ASK 
L1 __ 

L_,_r+ .. 
MN.ODE 
- S,TA r 
NEXPER 

NGEN 
NM[R 
NODE 
NOOES~ 

NREC 
NSERIE 

OUTMS,G 
RArtEA 
SIG Crl.. 

SlGlC 

SWl TCl-t 

TEMr? 
JGFUNC 

TGNODE 

TGT8Lt:: 

UMAVe 

f H4BAS 

TUHXP 

i1 
r2 

RETURN MARKER FOR 'THE INTERNAL SUBROIJTI.NE •1 oe · AY 4 

CHARACTER ARRAY c,NSTANT fOR TASKNAMe •LOCCfL~ 
CHARACTER CONSTANT FOR CHAR er R --
COMMAND ~ME CHARACTER ARRAV FOR COMMAND ____ _ 
INDEX FOR NODE NA ES IN RETRIE~E COMMAND 
Sr Ai' US OF TH I S TASK 11 S NE TWOrR K D TA QUE UE 
EXPERIMENT ~UM8ER, AS READ FROM THE EXPERIMiNT 
DES,CRIPTION FILE 
ARRAr OF NUMBER Of GENERATORS AT EACH NODE 
ARRAi OF NUMBER OF LINKS JO MIR~OR TASK AT EACH ~ODE 
ARRAY OF NODE N-MES INVOLVED IN IHlS EXPERIME~J 
USED JQr KEEP fRAC 1K 01 WHICH NO•D,ES RE INVO VED .IN 
A CONMAND 
(NDEX FOR RETRIEVE FJLE 
EXPERIMENT SERIES N MBER, AS READ FROM TH (XPERlMENJ 
DESCRIPJION FILE, AND UPDATED D RING THE EXPERIMENT 
BYTE ARRAY IOR EXlRA INFORMATION IN CONNECT MESSAGes 
REAL ARRAY USED FJR SENDING ND RECelVING NflWORK DATA 
RUNNING JOYAL OF TIMES FROM CENCTL TO LOCCll, DURING 
SYNCHRONIZATION 
RUNNING TOTAL OF TIMES IRON LOCCTL TO CENCTL, ~UR NG 
S l'NC HR:ON I ZA TIO N 
IS 1' 1' 1 If (N iiFILE MODE, ALSO USED AS sr~.rus lrQR 
SUBROUTINES BAC( ~ND BfMJ1 
CHAR CTER ~RRAT FR THE CURRENJ ARGUMENT FlELD IN CMDLIN 
i RGET FUNCrION (FOR MIRROR ROUJINE), AS READ FROM FHE 
EXPERlMEN DESCRi 0 TION fJLE 
T RGET NODES, AS REAO FROM THE EXPERIMENT DESCRlPJlON 
Fi.Le 
ACCESS CONTROL INFORMATION ANO DESTlN~JION DESCRIPJOR 
AREA BUILT SY SUBROUTINES BA(( AND 8FMJ1 
GENERATOR INTERMESSAGE TIME MEAN VALUE, AS READ fROM TN£ 
EXPERIMENT DESCRIPTION FILE 
TIMING SASE FOR GENERATOR~ AS READ IROM THE 
EXPERIMENT DESCRIPTION flLE 
GENERATOR INTERMESSAGE TlME EXPONENTIAL PROBABILITY 
PARAMETER, AS READ FROM JHE EXPERIMENT DESCRIPTION FILE 
ARRAY OF Tl~ES USED FOR SINCHRONllATION 
ARRAr OF Tl~ES US~D FOR SYNCHRONIZATION 

LUN DEVICE 
------

1 NS (NE ?~ ORK DAJA QUeue) 
2 SY 
3 EXPERI ENT OESCRIPTlON FILE 
li RETR !EVE FILE 
5 T f 
6 CL 
7 i 1F L.E 
8 NS (UN · TO, OCCH. AT NOOE 1) 
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C 
C 
C 
C 
C 

9 NS <LINK TO LOCCT AT NODE 2) . ,. 

LOGI(AL•1 LINKS..1(10), NODEC6,5) 
C NODE ABLES FOR IJP TO '5 NO 1D e:s ( ' ODE 1NAME ,, L.I NK u11eeR s T 0 
C GE f R TO RS, l i i"JK N UM 8 ER S TO l RR ORS} 

CO MON /CEN/ l K _, EN(8,S),,. NGEN(5,), o, lAY(:5), 
X LINt<Swl, NODE, NODE, NEXP ,ER, NSERIE, -,fNTBl 

CA CEN1 
CALL CEN2 
END 

SUBROUflNE STUFF 
C SUBPROGRAM TO ?Jf (CMDclN(J),J=L, •• ) !NTO BYTE ARRAY TEMP~ 
C UN T l l CM D L I N ( J ) I S Bl AN K O R A COMM . , L, l HE CfllO, L l N 1 ND E X , 
iC IS UP D TE ID 

BYTE CMDLIN(80), 1EMP(1ll, L1CO , L1SP 
C Oi'IMO C MOL IN, - , lARG, ENT P ,, TEM 
D - TA L 1 COM, L , SP/ , 1 , • ' I 
DO 50 J=1,13 

50 TEMP(J) ~ L1SP 
o,o 100 J;;1; 3 
If (CMOLINC +J).EQ.L1C0M~OR.CMDLIN(ltJ).EQ.L1SP) GO TO 200 

100 TEHPCJ> = CMOLINCL+J) 
200 L + J 

LEllrMP = J - 1 
IF (C DLIN( ).EQ.L1SP) fARG 0 
RETURN 
E D 
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C SUSROUTINf CEN1. 
C IHIS PERFORMS fHE SETUP T SKS FOR (ENCTL. 
C 
C 
C 

SUBR OUT I N1 E C: EN1 
8¥TE lGJBLK(72), LMODE(6), LTASk(6l~ OUTMSG{8) 
LOGICAL• BAREA€200) 
LOGICAL•1 L1Y, S~ITCH, L1SP 
LOGICAL~ L!NKS~C10), N0DE(6,5) 

C f!XP!:RIMENJ DESCRIPHO TA8 1 E C3 LIN S), 
LOGIC~L•1 TGNODEC6,10l, TIM9AS(10>, TGtUNC(10) 
REA ENAVE(10), LENEXP(10) 
OIMENSION TIM VE(10)~TIMEXP(10),C0NAVE(10),CONEXPC10) 
OIMENSION FNAME(3), 11(11}, T2C10) 
DI ENSION tOSB1{2), IAREA(100>, RAREA(50), MSTAT(3) 

C NODE TABLES FOR UP O 5 NODES (NODE NAME, LINK 
C NUMBERS TD GENERATORS, ~INK NUMBERS TO MIRRORS) 

DIMENSION LNKHIR(B,S>~ NMIR(5) 

( 

CO MON /CEN/ LNKGEN(8~5), NGfN(5>, OiLAJ(S)~ 
X LINKSW, NODE, NNODE, NEXPER, NSf~le, LENTBL 

EQUIVALENCE COUT~SG(1), NEXPf),(OUT~SG(3),NSERI)
X (OUJMSG{S), UHGEN),COUJMSG(7),NU MIR), 
X (BAAEA,IAREA), (RAREA,lAREA), (T2,IAREAJ 

DATA L1Y,L1SP/ 1 Y1
,• 

1
/ 

D TA ooe,•r•,~-•, 1 L•,•A~,• ~,• •, 24•'X'/ 
DATA LTASKl'L','O•, (','C','T','L 4

/ 

C GET IHE EXPERIMENJ DESCRIPTION FlLe. 
C 
1 TYPE 1 □ 
10 FOR AT ( 1 $EXPERIMENT DESCRIPTION FILE: 1 > 

ACCEPT 20, FNA E 
20 fOR ~T(3A,) 

CALL ASSIGN C3~FNAME,12> 
DEFI E flLE 3 ( 1,16~U,NXXXXX) 

C 
C set UP THE EXPERIMENT DESCRIPTION TABLE. 
C (10 ENTRIES MAX) 
C 
C lNIT1ALJZE TH'E NUMBER OF GENERATOI~S AND MIRROR LINKS AT 
C EACH NODE 

DO 25 =1,5 
NGEN (I) - 0 

25 MIR(!)= 0 
NNODE - 1 
READ (3 1 1) NEXPER:, NSEIUIE', HUBL 
TYPE 26, NEXPE, NSERlE, LENT6L 

26 FORM :r {/I' NEXPER== '1 ,15,5X, 1 NSERIE= •,15, ·5,x,. 
X ~NUMBER LINKS ·- ',13) 

IF CLENJBL,.EQ,.0) 60 JD 99'99 
NEICPE = NEXPER 
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NSERI = NSERIE 
00 35 J= · ,LE JBL 
REAO (3 1 J+1)(TGNODECK,Jl,K~1,6J,LENAVE(JJ, EN£XP(J), 

X Tl AVECJJ,TlMfXPCJ),TlMBAS( )~TGfU C(J),CON VE(Jl,CONEXP(J) 
LINKSW(J) = L1SP 
TYPE 1160, (TGNOOE(K,JJK-1,6),LENAVE(J),LENEXP(Jl,TIMAVE(J), 

X T EXP(J),flMBAS(J),TGfUNC( ),CONAVE(J),CONEXP(J) 
1160 FOR AT ( 1 fGNODE= 1 , A1/ 

X ' LENAVE= ',f6. ,6X, 
X I ENEXP= •,F6.2/ 
X t MAVE ',F6.2,6X, 
X I TIMEXP- 1 ,f6.2/ 
X TIMBAS= 1 , 1/ 
X I GFUNC= •, I 
X I CONAVE- 1 ,F6.0,6X, 
X ' CONEXP- •,f6.2//) 

CALCULATE NUM ,BER OF G,ENfRA ORS A ., D M · RR0R AT EACH NODE. 
NGENC1> - NGEN(U + 1 
L KG IEN(NGE ( ' ).,d) 

C CHECK ~HETHER THE TARGfT NOOE HAS BEEN NOTED YET. 
l>O 30 I :;1, NNO OE 
00 2'8 ic-1,6 
IF (NQDE(K,1) NE JGNO0E(K,J)) GO ro 30 

28 r:ONTINUE 
C NODE HAS BEEN OTE0 BEFORE 

GO TO 32 
30 CONTI IJ~ 
C 1EW NODE 

NNOOE NNODE + 1 
DO 31 K= · ,6 

31 ODECK,NNODE) - TGNODE(K,J) 
3 2 NM IR ( N ODE) - NM I R ( N ODE) ♦ 1 

LNKMIR(N IFt( NODE) ,N ODE) = J 
35 CONT NUE 
C PRINT TABLES O (HECK TH~ IT WORKS. 

DO 36 J=1,NNODE 
TVPE 37,J,NGE CJ),(LNKGENCK,J),K;1,8),N [R(J), 

X CLNKMIR 1CK,J), K- 1 , ,8) 
37 FOR AT (2X,I2,3~,12,3X,8(2X,12)/7X,l2,3X,S(2X, 2)) 
3,6 CO TlNUE 
C VERIFY THAT THIS IS THE DESIRED EXPERIMENT. 

TYPE 40 
40 FORMAT ('$If A 1S 0~, TYPE •r• JO CONTINUE:•> 

CCEPI 403, SWITCH 
403 FORMAT C IA1) 

If (SWITCH.EQ.L r) GO TO 50 
CALL C OS,,E(3) 
GO TO '7 

5,0 l = 0 
CALL ASNLUN (1,'NS 1 ,0,1DS) 
If (IDS NE.1) GO TO 9::) - 8 
CALL OPNNH,1 (1,IOSB ;,MSTAT,NNOD.E> 
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IF CIOS61(1).NE I) GO JO 9000 
C 
C SEND THE EXPERIMENI CONTROL TABLES TO tHE NODES. 
C 

DO 1 00 I =1 ,. NN ODE 
C FIRST CREAiE THE LOGICAL LINK TO JHE NODe. 

CALL eACC (SWITCH,TGTBLK,,,,,,) 
lf (SWITCH.EQ •• fALSE.) GO ro 9014 
00 10 J=1,6. 

101 LNODE(J) = NODE(J,l) 

C 

,c,A l B fMT1 CS WI JC Hi TG,JB L K., 6 ,LNOD iE, .,61l TASK) 
IF (SW .ITCH,.1:Q:.,.FALSE .. ) GO JO 90i 6 
NUMGEN = NGEN(I) 
NU I IA: NMIR(f), 
(ALL ASNLUN <1•7,' S',0,IOS) 
lF (10S .. N.E.1) GO TO 9008 
C LL CONNY~ (1+7,I0SB1,TGl8LK,.8,OUJMSG,,) 
If (IOSB1(1J.NE.1> GO TO 9002 

C SEND GENERATOR !NFORMAllON. 
C 

If (NUMGEN •. EQ,.0) 60 Tl 12 □ 
DO 110 J 1,NUMGE~ 

C LINK NUMBER 
IAREA(1J LNKGENCJ,1) 

C T RGEJ NODE,. tJC 
DO 105 K=1"6 

105 8AREA(K+Z) TGNODE(K,IAREA(1)) 

C 

RAREA(3) - LENAVE(IAREAC1)) 
RAAEA(4) - lENEk:P( lAREA(1)) 
RARl:A('S) = TIMAV ,E,( lAREA(O) 
RAREA(6J ~ llMEXP(IAREA(1)) 
RAREA(7) - CONAVE(IAR~A(1)) 
RAREA(8) = CONEXP(IAREA(1)) 
8ARE:A(3,3) - ii 18AS(lAR:!!AC1)) 
BAREA(34) = TGF NC(1A~EA(1)) 
CALL SNDNTW (1+7,10SB1,34,IAREA) 
If (10581<1) NE .. 1) GO O 9004 

10 CONTINUf 

C SEND MIRROR ENFJ "ATllN 
C 
120 .H (NUM1M(R.EIJ.,Q) GO TO 100 

DO 200 J 1,NUMMIR 
C LINK NUMBE -, 

IAREA<ll = L~K IR(J,1) 
C TARGET fUNCTlON 

BAREA(Jl : TGfUNC( IAREA(1) )· 
CAL SNDNT~(I+7,IOS81,3,IAREA) 
If CIOS91(1>.,NE.O GQ IO 9006 

200 CONTINUE 
100 CONT NUE 
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C 
C SY CHRONIZE CLOCKS~ 
C 

i Y'PE 201 
201 FOR~A.T (' CENCTL: ALL EXPERIMENT C:ONTROL TABLES SfNJ.,') 

DO 300 1=1,NNODE 
Tt (,1) = SEC.NDS(O.) 
DO 310 J=1,10 
CALL S~DNJW (1+7,,100,lAREAl 
CALL RECNT~ (1+7,,100,IAREA) 

310 1(J+1) = SECNDS(O.) 
SlGCL = O. 
SfGLC = 0,. 

C IN CALCULATING DELAY ND CLOCK CORRECTION, IGNORE THE 
C FIRST THIE VALUES SINCE JHE JARG 1EJ - ASK WAS LlKELV' 
C (HECKPOlNIEO BEFORE TE FIRST SeND. 

DO 320 J...;2,10 
SlGCL = SlGCL + T2(J) - T1 <J) 

320' SIGLC = SlGLC + T1 (J+O - T2(J) 
C DELAY ~ND CLOCK CORRECTION FOLLOW. 

DEL~Y(l> • (SIGLC/9. + SIGCL/9.>12. 
RARE (1) CELA.H I> - SlGCL/9. 
TYPE 325, I, l),ELAl' (I), RAR ,EA(I) 

325 FORMAT c• CENCTU NOD!;•, Z, 1 : DEU,v- 1 ,,F10. ,4,5X, 
X 1 CL0CK CORR= 1 .. F10 .. li, 1 SECONDS.• l 

CALL SNCNTW (1+7,,4,lAREAJ 
C CHECK WHETHER TASKS c~u A~D DATUP WERE INVOKED. 

C LL RECNT~ CJ+7,,4,I REA) 
IF CIARE C1),.N,E.,) U?E 301, CNODE(K,11l)1K 1' ;,6} 

301 FOR Ai ( '' CENCTL: JASK CPU AT N10DE • 16A11' COULD NOT•, 
X BE lNVOKEO.') 

IF CIAREA(2).,NE ) f'r':.E 302, (NODE«,1>,K 1' ,6) 
302 FOR AT (' CE CTL· TASK DAlUF'' AT NOD.E ',6 ,• COULD •, 

X 1 NOT BE JNVOK~o.•) 
300 CO TlNU,E 

TYPE 305 
305 FOR AT C • CENCT - : ALL C OCKS SYNCHRONIZED .. ' l 

RE. TURN 
C 
C 
C 
C COPY JHE LAJEST SERIES NUM8ER TO THE EXPERIMENT 
C DESCRIPTION FILE, AND EXIT. 
9999 WRITE (3'1J NEXPER, NS~RIE, LENTBL 

CAL CLOSE (3) 

CALL EXIT 
9000 TYPE 9001, 10581(1) 
9001 FOAM T ( 1 OPNNT UNS,UCC ,ESS.IUl ON CENC TL. toSB1 (1 );; ' ' ,IJJ, 

GO iO 9999 
90OZ TYPE 9003, I0SB1, LN0DE .111 LTASk 
9003 FOR AT (' CONNT~ UNSUCCESSFUL ON CENCTL 1ose1~ •,13,,,., 

X 13/8X, 1 NODE~ 1 ,6A1,5X,'T~SKa •1116A1) 



GO TO 99,99 
91004 TYPE 9005, 1, J, IOSB11 C, ) 
9005 fORMAT (1X,I3,'TH LINK, ',12,'TH GEN SNOW FAILED ON', 

X •ceNCT • 10SB1(1)=',13) 
GO lO 9999 

9006 TYPE 9007, J, 13Sa1C1) 
900 7 FORMAT cu .. 13,,'JH -INK MlF!' SNl!>W FAUED ON CfNC:T1L. •.,. 

X 'IOSB1(1)a',13) 
,G,0 T01 9999 

90 08 TYPE 9009 .. l, IOS 
9009 FORMAT c• ASNLUN FAILED ON CENCTL. 1=•,12,sx,'IDS 1 ,13> 

Go ro 9999 
9014 TYPE 9015 
90 5 fORMAT ( 1 BACC FAILED ON CENCTL.') 

GO TO 9999 
9016 TrPE 901·7 
901 7 FORM T (' BFMT1 f IlED ON CENCTL.') 

G,O TO 9999 
END 
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C SUB 0UTIN£ CE 2. 
C T IS PERFORMS THE l TERACTlVE CO MANOS FOR CENCTL. 
C 
C 

SUBROUTINE CEN2 
LOGICAL•1 CHOL N(80) TEMPC13) 

OGICAL*1 L1Y,SW-TCH,L1SP,L1 ,L1L,NODESW(S),FNODE(6,5) 
OGICAL•1 LINKSW(10), NOOE(6,5) 

C COM ND NA~es 
LO GICAL•1 LACTIV(9),L TF1LC7),LDEAC (11),LEXlT(S),LHEL~(S), 

X Ll UU11),L 1 EASUUD,LRETRI(9), NOTR.a.(8),LTHlMIC9), TRACe(6) 
DI ENSION 10S81(2), 10S82(2), IAREAC100>, RAREA(50>, 

X CL0Ct(2), LlN~N2(10), FNAME(3) 
C ODE TABLES FOR PTO 5 NODS (NOOE NAME, LINK UMBERS 
C 10 GENERATORS, LINK NUMBERS TO MIRRORS) 

C 
C 
C 

C 
C 
C. 
C 
C 
C 
C 
400 
401 

402 
C 

COMMON /CENJ LNKGENC8,S>, NGEN(5), DELAY(SJ, 
X lNKSW, NODE, NOD~, NEXPER, NS€R[E, lENTBL 

COM ON CMOLIN, t. ., A!Hi, LENTMP, TEMP 
EQUIVA ENCE (RA EA, - AREA) 

TA L1Y,L1SP,L1A, _1Ll''r'',' '',•A•,•L•/ 
DATA LACTI~,LATFlL,LDEACT,LEXlT,LHELP,LINIJ!,LMEASU, 

X RETRI, L~OTRA, LTER~I, LTRACE 
x / 1 A1 , •c •,• r• , 1 1 1 , 1v', 'A',• T', 1E 1, 1 •,. 
X 
X 
X 
X 
X 
X 
X 
X 
)( 

X 

1 A•,•r 1 , 1 F1 ,•1•, 1 L1 ,•e 4 .,• •, 

•o ·•,•e:, A'1 , 1 ,c 1 ,•r•,•1 1 ,•v• .. 1 •, 4 r•,•11e.•.,.• ,,,, 
1 E1 ,•x 1 ,•1•,•yi,, , 
•H•.,•e•,•t 1 , 1 P ,, 1 , 

1 1 , r.1 1 ,•1 , 1 r•,•1j,. A'','L 1 ,•t•,•z•,•e 1 , 1 , 

M1 , , . E: 1 ,'A' ,, •s•,. u•, 1 R 1 ,, , 1 E 1 ,, 1' • , 

'R 1 ,•e•,•1•, 1 R1 ~•1 ,•e•,•v•,•e•,• •, 
~N•,~o' ,•,•, 1 R·1 ,i A' ., •c 1' ., . • E',' ', 
1 T','E', 1 R1 ,• 1 , 1 11 ,'N','A 1 , 1 L', 1 •, 

'1 J 1 , 1 R1 .. 1 A'','C 1 .. 1 e~, 1' ., 

THE S~ITCH 1$ 0 (= 1 1 1 ) If JN ATFILE MODE. 
SWITCH - L1SP 

ACCEPT A COH1 MANID, VALlOAte If, AND PEFHORM I. 

ElCH COMMAND MUST BE GIVEN ~lTH TWO OR MORE C ARACTERS 
FOLLOWED BY A S0 ACE. ARGU ENTS ARE DELIN[TED BY A COMMA. 
If AN ERROR IS OETECTED THE~ THE LINE IS RETYPED TO THE 
POINT ~HERE THE ERROR WAS DETECTED. 
TYPE ,01 
fORMAf ( 1 SGEN> 1

) 

DO 1..02 I =11 .-80 
CMDLINC1) = L1SP 
lARG IS ZERO IJ Hf THERE ARE NO, MORE AR'GU 1E rs. 
I A RG = 1 
l F (S JTCH .. EQ.L 1 Y) GO TO 4 50 
ACCEPT 403, C , DLI 
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403 

450 

500 

510 
520 
C 
530 
540 

[ 

C 
C 
C 
C 
C 
C 
C 
C 
200□ 

2001 
C 
2010 
C 
C 
2015 

C 

2020 

2029 

f ORM AT ( 80A1) 
GO TO 500 
READ (7,4O31eN0=2298) CMDLlN 
TYPE 403, CMDL(N 
L 2 
IF CC DLIN(1).EQ.LACTIV(1).AND.CMDLIN(2).EQ~L CT1V(2ll GO tO 2000 
IF (CMD~IN(1).E~.LAJflL<1>.AND.CMDLIN(2).EG.LATflL(2)) GO TO 2100 
If (CMDLIN(1).EQ.LDEACT(1>.A~D.CMDLINCZ).EQ.LDEACT(2)) GO TO 2200 
If (CMDLIN(1).EQ.LEX1TC1).ANC.CMDLlN(2).E~.LEXll(2)} GO ro 2300 
If (C OLIN(1).EQ.LMELP(1).ANO.CMDLIN(2)~Ei.LHELP(2J> GO TO 2400 
IF (CMDLIN(1l.E~.LlNlll(1J.AND CMDllN(2).EQ.LIN1Tl(2)> GO JO 2S00 
IF (CMDLlN(1).EQ.LMfASU(1l.AND . CMDLIN(2).EQ.LMEASU(2)) GO ro 2~0□ 
lf (CMDLIN(1).EQ.LNOIRAC1).AND.CMDL1N(2).eQ.LN01RA(2)) GO TO 2700 
ff (CMOLJN(1).EQ~LRETRll1). ND.CMDLI (2J~EQ.LRETRi(2)) GO TO 2800 
IF (CMDL1N(1).ea.LTERMl(1).AND.CMOLIN(2).EQ.LJERMl(2)) GO TO 2~00 
If (CNDLlN(1).EQ.LTRACE(1).AND.C DLIN(2).EQ.LTRACE(2lJ GO 10 3000 

YPE 520 
f0RMAJ ( 1 NO SUCH COM~AND. 1 ) 

ERROR lN THE (Q1tlf!U'I.ND, LI 'E 
TYPE 510, (CMDLIN(Jl, J;1,L) 
FORMAT (1X,8OA1/) 
GO iO 400 

ACllVATE COMMAND 

GET THE LINl( NUMBERS. IF JH:E ,ftRST ONE IS '1 ALL 1 , JHEN 
ACTIVATE ALL LINKS. 
10 ACTIVATe, SEND MESSAGE TO THE lSSOCl~,e~ LOCAL CONTROL 
ROUTINE WITH THE LINK NUMBERS ro ACTIVATE. IT WILL 
CONFIRM BY SENDING BACK AN INTEGER STATUS VALUE, AS WELL 
AS LINK UMBERS FOR f~OSE THAT FAILED ro ee ACTIVATED. 
DO 2001 l=3,9 
If (CMOLI (L) EQ.L 1 SP) GO TC 201 D 
IF CCMDLIN(L).NE.LACTIV(L)) GO TO 51 □ 

CONTINUE 
THE FlRST 
IARE~{1) 
CODE FROM 
COMMAND 
CALL STUFF 

INT EGc R lN UR EA I DENT If Ie S THtE COMMA ND,. 
1 

liERE O 2096 IS ALSO useo e, THE OEACTIVATE 

If (l EMP (1). EQ .. L 1 A~ AND. iEMP (2) .E Q,.l 1 l., A O. TEMP ( 3J. EQ •. L 1 L 
X • ND.,TEM?(4).EQ.L1SP) GO TO 2040 

FIND ~HICH LINKS JO ACJIVAJE. 
£F (LENJMP.,GJ.2) ,GO TO 2090 
DECODE (LENTMP,2020,TE P,ERR=2 □90) LINK 
FORMAT (12) 

If CLINK,.LE.0 .. 0R.LINK.Gf.LfNTBL) GO TO 2090 
IF {LINKSW(LINIIC),.iEQ 1SP,. .ANO .. IAREA(1 )1.E ,.2) GO 10 2029 
l f ( L l NK 51J H l NK l • E Q. L1 'I'. AND. IA RE A( 0 • E G .• 1 ) GO TO 2 0 31 
LINKSW(llNK) = L1L 
GO TO 2035 
TYPE 2030, l! NK 
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Z030 

2031 
2032 
2035 

C 
2040 

204S 
C 
20S0 

C 

C 

2070 

C 

C 

2071 
,20 72 

2074 

2075 
207,6 

FORMA c• LINK 1 ,13,• IS ALRE DY INACTIVE ••• ') 
GO TO 203'5 

YPE 2032, LINK 
FiORMAT ( 1 LINK 1

, 13 '1 , '' IS ALREAOY ACTIVE ••• •) 
IF (IARG.NE.0) GO TO 2015 
GO TO 2'0 SO 
ACJ VATE ALL L[NkS 
DO 2045 J=1,LENT8L 
If (LIN~SW(J).E .L1SP.AND.l REAC1l.EQ.1.0R. 

X LINKSW(JJ.E9.L1Y .ANO.I REA(1).EQ.2) LINKSW(J) - L1L 
CO TI UE 
DO THE ACllV JING. 

SERIE = NSERIE + 1 
00 2060 J;1,NNODE 
CHECK IF THE CURRENT NODE HAS ANY GENERAIORS. 
E.F (NGENCJ).,EQ 0) GO TO 2060 
IOS = 0 
DO 2070 K-1,NGE~(J) 
1AREA(K+2) = 0 
COPY LINK NUMBERS ro 3E ACTIVATED. 
If (LI KSW(LNKG,EN(K,J' )).NE., - 1U GO1 JO .2070 
I AREACKt2)' : 1 
IDS 1 
CON l 1 UE 
IF (IDS.EQ.0) GO TO 2060 
CALL SNDNT (J ♦ 7,IOS81,20,IAREAJ 
CALL R:CNT~ (J+7,10SB2,20,lARfA) 
!f (l0S81(1) NE.1) GO lO 2075 
lF CIOSB2(1) E.1) GO TO 2077 
lf (IAAEA<Z>.EQ.1J GO TO 2058 
AT LEASJ ONE LINK W S NOY ACTIVATED. 
DO 2072 K=1,NGEN(J) 
IF (IAREA(K ♦ 2)~GE.0) GO TO 2072 

YPE 2071, 0 - 1AREA(K+2J 
RESTORE LJNK ST IUS, SINCE THlS LINK WAS NOT DE/ACTIVATED. 
IF (I RE (1).EQ.1 .) LINK SW( NKGEN(K ,J)) ~ LISP 
If UAREA( . ) .. EQ,,.Z) LI KSW(LNIK1G,EN(K,J)) - L1Y 
FOR ,AT c• C,ENCTL.., LINK .,13, ' WAS NOT OE/ACTlVATEo ••• 1 ) 

CONTINUE 
GO TO 2058 
,FORMAT ( 1 CE CT : COHMAND iAlliE01 AT NOOE · ,6A1, 

X '• STATUS= ',13,Sx,• · •••) 
TY'PE' 2076, (N0DE<L,J), L:::1,6), IOSB1 (1) 
fORMAT ( 1 ce en: SND ro, NODE 1 ,6A1, 1 FAILED.', 

X ' ST TUS= ',13,SX,' ••• •> 
GO TO 2055 

2077 TYPE 2078,, (NOO,E(L,J), L-1,6), l0S82(1) 
2018 FORM.Ar (' CENCT : RiECW FROM NODE ',6A1,' FAILED .. ', 

C 
C 
2055 

~ • STArus- •,tJ,5x,• ••• •J 
RESTORE lUilK ST T S!i' SfNCE THE 1:0 MAND MAY NO H 1/ ,E 
BEEN CARRIED our. 
00 205 ,6 K:1,NGE ':'•HJ > 
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lF (LIN~SW(LN~GEN(K,J>).Ne.L1 ) GO TO 205~ 
if (IAREA<1).EQ.1) LINKS~(LNKGEN(K,J)) L1SP 
IF (IAREA(1).EQ.2) LfNKSW(LNKGEN(K,J)) = L1Y 

2056 CONTINUE 
GO iO 2060 

C UPDATE LINK SJAIUS• SINCE THE COMMAND WORKED AT THIS NODE. 
2058 DO 2059 K 1,NGEN(J) 

IF (LlNKSW(LNKGfNCK, )).NE.L1LJ GO TO 2059 
If (IAREA(1).EQ 1) LIN SW(LNKGEN(K,J)) = L1Y 
If (IAREA(l).EQ.2) LINKSW(LNKGEN(K,J)) = 1SP 

2059 (ONJINUE 
2060 CO NJ J ,NUE 
2079 i'tPE 20801 
2080 fORMAJ (' OK •) 

GO TO 40'0 
2090 TYPE 2095 
2095 FORMAT C BAD LINK NUMBER.') 
C RESTORE LINK STArus, SINCE THE COMMAND 1S INVALID4 

DO 2096 J=1,LeNT9L 
lF (LlNKSW(Jl.NE.L1L> GO TO 2096 
IF (IAREAC1J.EQ.1) LIN SW(J) ~ L1SP 
IF (IAREA(1).Ea.2) LlNKSW(J) - L1Y 

2096 CONTINUE 
GO TO 530 

( 

C AlFili COMMANb 
C 
2100 DO 2101 L-3,7 

if CCMDLINCL).EQ.L1SP) GO TO 2110 
If (CMb IN(LL,NE.L HILCLH GO TO 510 

2101 C0NJINUE 
21 0 C LL STUFF 

l't?E 8888 
8888 FORMAi ( 1 [NO . SUP PORfE ,DJ') 

GO TO 530 
C 
C DEACliV~TE COM AND 
( 

C OPPOSITE OF ACTIVATE COMMAND. SEE OESCRIPIJON THERE. 
2200 DO 2201 L 3,11 

IF (CMDLIN( ),.EQ.,LUP} GO TO 2210 
IF CCMD IN(L).NE.LDEACT(L)l GO TO 510 

220 CONTINUE 
2 l10 IAREA(1) 2 

C 
2 298 
2299 

C 

GO TO 2015 

iVPE 2299 
FORM AT ('1 CE ND OF f ILE• 
GO TO 2310 

C EXIT COM MAND 
C 
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C 
C 
C 
C 
2300 

2301 
2310 
C. 

23 ,20 

2325 
2330 

2340 

C 
C 
C 
2400 

24 01 
2410 

C 
C 
C 
C 
C 
C 
C 
C: 
C 
C 
2500 

2 5 01 
2510 

TAKES NO ARG HE rs. ~ MESSAGE IS SfNT TO •LL NODES, 
AND A CONFIRMA113 STATUS IS RECEIVED. THE LOCAL 
CONIROL ROUTI E IS SOLELV RESPONSIBLE fOR SHUTTING 
OFF GENERATORS, ETC 
DO 23,01 L=3,S 
IF <CMDLIN( ) .EQ. 1SP) GO TO 2310 
LF (C OLIN(U.NE.LEX HU) GO to 510 
CO TINUE 
IAR:EA( ) = 3 
se O EiIT ESSAGES TO ALL NODES. 
DO 2330 J:1, NODE 
C,ALL SND,N'T (J+?'.,,IQS,8 1 ,2,UREA)· 
CALL RECNTW (J+7,IOS82,2,1AREA) 
If (l0S81(1).NE~ ) GO TO 2320 
lf (IOSB2C1l.NE ) 60 TO 2325 
IF (1AREA(1l NE.1) TYPE 207~,(NODECL,J),L=1,6),f RE (1) 
GO iO 2330 
TYPE ,2 0, 7 6, (NODE ( L , J) , L 1 , ,6 J, I O SB 1 ( 1' ) 
G,O TO 2'330 
TYPE 2078, (NODE( ,Jl, L-1,6), 10S62(1) 
co - TI UE 
TYPE ,2340 
FOR~AT C/ 1 CENCTL: EXIT NG.'///) 

SERIE = NISER ,E + 
CALL ( SNTW(IOS31) 
H (I0SB1<1>.NE.1) GO T,O 901 ,8 
GO TO 9999 

HE LP C OMMAN,D 

DO 21..Q 1 L 3,,S, 
IF (CMDLIN(L).EQ.L1SP) GO TO 2410 
If (CMI) INC ),.NE.LH1ELP(U) GO TO 510 
CONTlNUE 
TYPE 8888 
GO O 530 

lNlTlALIZE COMMAND 

GET THE NOOE NA~ES. F THE Fl~ST ONE IS •ALL , THEN 
JNIJlA_IZE ALL ODES. COMPUTE THE MAX'MUM DELAY TO JHE 
NOOES, USING DELAY VALUES OBTAINED OURING SYNCHRONIZ T[ON. 
ADD 5 TIM,ES THIS DELAY TO T ,E PRESENT THIIE, AND1 SEND JHIS, 
TO HE NODES. HE LOCAL CONTR0 1 AOUTINES WILL INITIALIZE 
THE R DATA AREAS ANO SYNCHRONOUSLY REENASLE JHEIR DATA 
UIPOATING AT f , 1~ PR 1ESCRI8 1ED TIME. 
00 2501 L 3,1 
if COULIN(L) _EJ.L 1SP) GO JO 2'510 
l1f CCMD.LlN(L).NE.LlNtrl(L)) GO TO 510 
CONT NE 
I A RE ( 0 ~ 4 
LOC = 



GO TO 4000 
2590 00 2595 J=1,NNOOE 

IF (NODESW(J).NE.L1Y) GO TO 2595 
CALL RECNTW ( +7,IOSB1,2,IAREA) 
IF (lOS81{1). E.1) GO ro 2592 
ff (1~REA(1).NE.1) TY~E 2074, (NODE<L,J>,L-1,6),IAREA(1) 
GO TO 2595 

2592 TYPE 2078, (NODE(L,J), L-1,6) 
2595 CONTINUE 
C SAVE THE INITIALIZE TIME. 

C 

T1 = RAREA(2) 
GO TO 2079 

C MEASURE COMMAND 
C 
2600 00 2601 L=3,8 

If (( DLIN(l).E .L1SP) GO TO 2610 
IF (CMDLIN(L).NE.LMEASU(l)) GO TO 510 

2601 CONTI UE 
2610 CALL STUFF 

TYPE 8888 
GO TO 530 

C 
C NOIRACE COMMAND 
C 
2700 DO 2701 L~3,6 

IF (CMDLIN(L).EQ. 1SP) GO TO 2710 
IF (CMO lN(L).NE.LNOTRACL)) GO fO 510 

2701 CONTINUE 
2710 IAREA(1) = 5 

C 

CALL STUFf 
TYPE 8888 
GO TO 530 

C RETRIEVE COM~AND 
C 
2800 DO 2801 L=3,9 

If (CMDLlN(L) J LlSP) GO ro 2810 
IF (CMDLIN(L).NE.LREIRl(L)) GO JO 510 

2801 CO TiNUE 
2810 1AREA(1) = 6 

C A,L,L S, TUFF 
C GET THE NAME OF iHE FILE IN HlCH IHE (NFORMA(lO~ ~ILL 
C BE STORED. 

DECODE (12,20,TEMP) FNAME 
20 FORMAT (3A4) 

CALL ASSIGN (4,FNAME-12) 
DEFINE FILE 4 (45,38-U~NREC) 
READ (4 1 1,ERR-2811) l 
GO 0 28~0 

28 1 TYPE 2812 
2812 FORMAT (' PLEASE IGNOqE THE PREVIOUS FCS MESSAGE.'/) 
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C 
2'820 

2830 
C 

283,2 

C 

,2835 

2821 

C 
2838 

2839 
2840 
C 
C 

2850 

C 

2890 

2895 

LO ,C = 2 
G,O fO 4000 
GET THE INFORMATION AND STORE II. 
NRet: 2 

NODE 0 
DO 2840 J=11NNODE 
IF (NODESW(J).N,E.Ll'O G,0 10 2s,o 
DO 2.830 I.=119 
CAL RECNT~ (J+7,lOSB1,72,! REA) 
IF CIOSB1(1l.NE.1) GO TO 28 38 
~RITE (''NREC) (lARE (K), K=l,36) 
tHECK J E STATUS ND THE EXPERl , EN - OESCRIPf10 UMBER. 
IF O RE:A(1 ).NE .. 1> TYPE 2074, OI01DECL,J ),. =1,6), lAREAC1) 
If ( lARE AC2). Ne .• NS ,ERIE) TY PE" 283 2, 1( N,00£ (L ;J) .1 L = 1, 6), , 

X IAREA(2). NSERIE 
FOR Al c• SERIES NUMBER AT NOOE ,6A11• <',14, ) DOES Nor•, 

X I MATCH JHA f ' CENl~AL CONTRO, (',14, 1 ).
1

/ 

X ' DATA FROM THIS NOOE SHOULD BE useo WlJH EXTRE e CAUTION.') 
GET JHE NODE N ES AS THE OATA AREAS ARE RECEl~EO. 
MNOOE • MNObE + 1 
DO 2835 1-1, 6 
fNODECl,MNOOE) = NOOE<I,Jl 
TYPE 2821, (NODE<l,J),J:1,6) 
fOR AT ( 1 CENCT: REJ :RIEVEO NOOE 4 ,6,.A1, 1 .') 

GO ifO 2840 
RECEIVE ERROR - THIS NODE WILL NOT BE INCLUDED IN THE FILE. 
NREC - NREC - I~ 1 
TYPE 2078, (NO0E(L,J), L 1,6), IOSS1<1) 
TYPE' 2839 
FORMAT C' CENCTL.: SO TH[S. NO ·DE IS NOT INCLUOEO IN THE flLE. '1 ) 

CO ,Nfl.NUE 
RECORD lHe ACTIVE LINIS, OAtE, JI E, AND EL PSfO JIME 
SINCE fHE LAST INITIALIZE. 
K : 0 
DO 2850 1=1,10 
IF CLINKSW(l>.NE.L1Y) GO TO 2850 
K- ,K. ♦ 1 

l I N'K N 2 ,( K ) - l 
co,rn .1 ue 
CALL IDATECl,J,L) 
CALL TIME<CLOCK) 

RIJE (4 1 1) l,J,L,CLOCK,NEXPfR,NSERIE,T1,K,(llNKN2(J),J-1,K), 
X NODE, ( ( F NODE Cl , .J ) , I= 1 , 6) .,. J - 1 , "'' 00 E) 

CAL Cl0SE(4) 
NSERIE - NSERIE ~ 1 
NO~ INITIALIZE All NODES. 
fA 1RE'A(O :a: li 
.OC • 1 
GO 01 4070 
CALL CLOSE(4) 
rv,:,e 28.95 
FORMAr ( CENCTL: THIS FILE IS ALREADY IN use.•) 

pa ,ge 8 7 



GO TO 53,0 
C 
C TERMINI COMMA . D 
C 
2900 DO 2901 L•3,9 

IF (CMOLIN(L).EQ. 1SP) GO· TO 2910 
IF (CMD·LINCU NE .. LTERMl(l)) ,GO TO 510 

2901 CONT l NU ,E 
29101 TY PE 8888 

GO TO 530 
C 
C TRACe COMMAND 
C 
3000 DO 3001 L;3,6 

!F (CMD IN(L).EQ 1SP) 60 TO 3010 
11 (CMDLIN(L).NE.LTRACE(L)) GO TO 510 

3001 CON U NUE 
3010 1AREA(1) = 7 

CA.LL SiUfF 
TYPE 8888 
GO TO 530 

C 
C INTERNAL SUBROUTINE FOR GETTtNG NODE NA~ES AND 
C CA CULAflNG MAXIMUM DELA1. 
C 
4000 DE LMA.X = 0 

CALL snJFF 
1C FIND WHICH NO ,DES TO; ANIPULATE,. 

00 ,010 I 1,NNODf 
4010 NODESW(J) = L1SP 

, F CTEMP(1).EQ.L1A.A O. EMP(2).EQ.l1L.AND.fEMP(3J.EQ.l1L 
X • NO.fEMP(4J.EQ.L1SP) GO TO 4070 

C ,1RST, CHECK lF THE ODE. exists. 
,020 00 4040, J=1,NNODE 

DO 4030 131,6 
If CTEMP(l).Nf,.NO•DE(l,J)) G,0 TO· 4040 

4030 ·COr'HUUJE 
If (DELMAX.LT.D IElA'II'( )) DELMAX;: OE AYCJl 
NODfSliHJ) L1'f 
G,O TO 4060 

,040 CONTINUE 
C NO MATCH. 

TYPE ,4050 
,oso FORMAT ( 1 NO SUCH NOOE.') 

lf lLOC.EQ.2) C~LL CLOSE (4) 
GO TO 530 

C GE ANOTHER ARGUMENI~ 
1..060 IF CUR·G.EQ.,0) GO TO 4090 

CALL STUFF 
G,O TO 4020 

C ALL ODES. 
4070 DO 4080 J•1,NNODE 
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IF (DELAMX. r.o LAY(J)) 0ELH X = DE AV(J} 
4080 NO0ESW(J) - L1Y 
C SEND THE MESSAGcs. 
4090 RAREA(2) = SEC OSCO~) + DELMAX•3 
C RECORD THE TIME Of, OR THE JIME SINCE 1NiT1ALlZ TION. 

T = AREA(2) - i1 
IF <1AIHA(1> .. E .6,) GO - 0 409'11 

T1 : RAREA(2) 
NSERIE = NSERIE + 1 
[AREA(2) - NSERfE 

4091 DO ,10 0 J-1,NN0DE 
If ( 0 1DESW(J).E . ,l1Y) CALL S :DNT ( .J+7, ,, ,8,IAREA) 

4100 CONTINUE 
GO TO (2590,26201 LOC 

,c 
C 
C 
C COPY THE •resr SERIES NUKBER TO THE EXPERIMENT DESCRIPTION 
C F LE, ANO EXT. 
9999 RITE (3'1) NEXPER, NSERIE, LENTBL 

CALL CLOSE (3) 
CALL ,EXl T 

9018 r'tPE 90 9, IOSB1(1) 
9019' FOR AT (' CLSN , fA ILE ,D ON ( l:N·CTL. I OSB1 (1) , 13) 

GO TO 9999 
END 
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C PROGRAM LOCCIL - LOCAL EXPERIMENT CONfROL ROUTINE 
C WRITTEN BY R. STRAZOAS. 
C 
C T~lS PROGRAM COOPERATES ~llff JHE CE~TRAL EXPERIMENT 
C CONTROL ROUTINE IN RUNNING THE EXPERIMENT~ LL 
C COMMUNICATIONS SETWEEN THIS NOOE ANO iHE CO~TROL NOOE GO 
C THROUGH THIS PROGRAM. IT ACCEPTS THE EXPERIME T CONTROL 
C TABLE, SYNCHRONIZES THE NODE CLOCK, SETS PPROPRlATE 
C ACCESS/CON ROL BITS, ACTIVATES GENERATORS AND TRACING, 
C ANO COORDINATES D~ AB SE RETRIEVAL. 
C 
C 

IN EGER UPDA E (13) 
REAL LENAVEC8l, LENEXPC8J 

C VAR ~BLE XIS USED ON Y TO WORD AllGH THEO TB K COMMON 
C AREA. GENST IS GENERATOR STATUS: ~R• ~HEN CllVE, 
C 4 N WHEN INA.CTIVE, 'D·' WHEN BEING DE CllV TED. 

BYTE MAILC106)-B RE (200),GENST(8),MlRST(8),TIMBASC8), 
X TGFIJNC •(8)-JFUNC(8l,T NODE(6,8),ENA8LD,,l1 'D, ,L1 N,X 

DIMENSIO 10S81(2),I REA(100),MSTA1(3),RAREA(50),T2(10>, 
X GEN(8) 

COMMON /GENBLKIIRAN1,IRAN2,LlNKNOC8),GENS ,iGNDDE,LENAVE, 
X LE EXP,Tl~AVE(S),Tl~EXP(8),T1MB~S,CONAVE(8),CONEXP(8)i 
X i'GF-UNC 
X /TGTBLK/LINKN1(SJ,MlRST,TFU C 
X I TI . C OR Ii f C OR 
X IDAJBL /ENABLO,X,T!MER,NEXPER,NSERIE, 
X MSGLENC8),SIGML{8),SJG2ML(8), 
X SGT M(8),SJGMT(8),SIG2MT(8), 
X . CON(8),SIGCMC8),SIG2CM(8), 
X NRNDEL(S),S GRD(8),SIG2R0(8),RDM1N(8l,RDMAX(8), 
X ND SC0(8), 
X NDELAV(8),51GOC8),S1G2DC8),DELMIN(8),DELMAX(8), 
X NARTIM,SIGAT,SIG2AT, JMlN,AIMAX 

EQUIVALENCE (MAIL(99), EXPE),(MAIL(101),NSER1),( 1L(103)
X NUMGENl,(HAIL(10S),NUMMlR),(8AREA, AREA), 
X (RAREA,IAREA),(T2,IAREA) 

DATA l1D,L1R,l1N1 / D'' , IP, 1 1 / 

DAT~ GENl6RGENOJ ,6RGEN002,6RGEN003,6RGEND04,6RGENOOS, 
X 6RG£N006,6RGEN007,6RGEN008/ 

DATA DAfUP,CPU /5ROATUP,3RCPU/ 
C 
C CONNECT TO CEN AL CONTROL 
C 

CALL ASNLUN (2, 1 NS',0,!0S) 
I ;;;; 0 
IF {lDS.NE.1) GO TO 9J8 
CAL OPNNTW (2,10S81,~SIAT,2> 
IF CI0SB1(1).NE.1) GO TO 900 
CA l GNDNT~ CIOS31,1TYPE, 06,~ ~I ,,,> 

F UOSB1C1L.NE 1) GO TO 902 
If (lTYPE.NE.1) GO TO 914 
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CALL SNLUN (1,• S',3,IDS) 
I = 1 
If CIDS.NE.O GO TO 908 
C L ACCNIW (1,IOS61,~AIL,,) 
If (10SB1(1). E.1) GO TO 904 
T PE 10, NEXPE, SERIE, NUMGEN, NUMMIR 

10 fOR A ( '' LOCCTL: NEXPiER = •,1s,sx ,. •NsER · =',l5, '5X ,, 
X 1 NU - GEN-',13,5X,'NU'll'41R' ~,13) 

C 
C RECEIVE GENERATO INFORMATION 
C 

1F (NUMGEN.E .O) GO ro 1' 20 
00 110 J-1,NUMGEN 
CALL RECNJW C1,IOSB1 , 34,JAREA) 
IF (l0S81(1>.NE.1J GO TO 910 

C EXTRACT PARAMEfERS. 
LINKNO(J); IARE (1) 
GENST 1(J) :ai UN 
DO 105 ir::-1' ,6 

105 TG OOE(K,J) : BAREA(K•2) 
L E NA VE CJ ) - A,R E A (3) 

ENEXP(J) : RAREA(4) 
T!MAVE(J); RAREA(5) 
TIMEXPCJ) = RAREA(6) 
Tl BAS(J) ~ B REA(33) 
CONAVE(J): RAREA(7) 
CONEXP(J); RAREA(8) 

1 0 TGfUNC(J); BAREA(l4) 
IRA 1 - 0 
1RAN2 -

C 
C RECEIVE MIRROR INFOR AJION 
C 
120 If CNUMMIR.EG.0> GOT ZOO 

00 130 J 1, UMMJR 
C ll RECNTW C1,IOSB1,3,IARE) 
IF (l0S81( ).NE.1) GO TO 912 
L . I( ' 1 (J) ; IAR~A(1) 

IRST(J) = UN 
130 FUNC(J) = BAREAC3) 
C 
C SYNCHR0 lZE l~E CL0C WllH CENTRAL CONTROL. 
C 
200 Tl'PE 201 
20 fORMAJ (' L0CC L: EXPERIMfNJ co TR0L TABLE ECEiveo.•) 

00 310 J=1,1 
CAL RECNTW <1,,100,IAREA) 
J2(J) - SECNDSC .> 

310 C L SNDN W ( , ,,1O0,IARE,O 
C RECEIVE THE CL CK CORRECllDN. 

CALL RECNTW <1,,4,IAREA> 
I COR • RAREA(l> 
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T'tPE Ji1, T'IMCOR 
311 fOAMAl ( LOCCTL.: CORRECTED LOCAL TIME - LOC: L THIE •,, 

!I '+ •,F13 .. 6, 1 :SECONDS. 1 ) 

C 
C INITIAlllE THE DATA BLOCK. 
C 

C 

IARl:A(1) - 0 
NE XPER NE XP E 
NSERIE = NSERI 
GO I O 14 00 

C RECEIVE INSTRUCTIONS. 
( 

C THE INSTRUCTION TYPE IS Rl:C.ElVEO I.N UREAO >. 
C S1ATUS IS REiURNED IN IAREA(1)~ 
C A MESS GE JS JY~ED O THE LOCAL TER~lNAL AFTER ~ACH 
C COM ND C,OfltPL ET ES. 
500 CAL RECNT~ (1,IOSB1,20,1AREA) 

If <IDSBHU.NE.1) GO ro 916 
C 
C DECODE fHE INSTR CTlO~. 
C 

GO TO (1100,1200,1300,1400,1500,1600,1700) IAREA(1J 
C 
C ACTIVATE toM~ ND 
C 
1100 [AREA(2) c 1 

DO 1120 J;1,NUMGEN 
If (IAREA(J~2).E~.0) GO TO 1120 

C ACTIV TE GENERA1iOR J, UNLESS 11 JS AUUAD'r ACTIVE .. 
If GENSTCJJ.Nf.L1R> CALL REQUES (GEN(J),,IDS) 
IF CIDS.NE.1> GO TO 1110 
iAR 1E:A(J+2) - LlNKNOCJ) 
GENSTCH UR 
GO TO 1120 

C REQUEST fAlLEDe RET~RN lHE LINK UMBER TO CENCTL 
C AND TYPE STATUS. 
1110 1AREA(J+2) : 0 ~ LlNKN0(JJ 

IA~EAC2) IAREA,2) • 1 
rrPE 1115, LINKN0( >, IDS 

1 t 15 ,f ORrtlAT ( 1 LO,C CTL-: REQUEST TO ACJ IVAT' E LINK .,. 12, 
X I FAILEI. 1os;11~,131 

111 20 CONTINUE 
CALL SNDNT C1,tOS01,20,IAREA) 
TYPE 1130, !ARE (2) -1, IAREA(J), Jz3,NUMGEN+2) 

1130 FORMAT (' LOC 1CTL .. ',13, 1 FAILUR·ES ON ACTIVATING LINKS 1
' , 

X 8(13,1X)) 
1140 CALL WAITNT (,I0SB1) 

U tlOSB1C'1,.NE.1) GO TO 918 
GO ro soo 

C 
C OE CTIVATE COMMAND 
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C 
1200 IARl:4(2) : 
C TURN Off STATUS FOR JHE GENERATORS. THEY WI L SHUf DOWN 
C ~HEN THEY NOTICE THIS, AND RESET GLOBAL EVENT FLAG TO 
C SHOwl THIS. 

00 2 0 J=1,NU GEN 
IF ( A·IHA(J+2).E 1Q .. O.OR.G,ENST(J). 'EG.,L1N) GO O 1210 
CALL CLREF (J+4O) 
GENS,T CJ> = l D 

1210 co T INU1E 
DO 1230 J-1,NUMGEN 
IF (GENS (J) NE.L 1 0) G,O TO 1230 
CALL ~AliFR (J+40) 
5ENST(J) = 11 
U.R A(J+2) = LI KNO(J) 

1230 CONTINUE 
CAL SN0,INf (1 ,I0SB1,20,IMtie ,) 
TYPE 1250, (lAREA(J), Ja3,NUMGEN+2) 

1250 IFOR' AT (• LOCCTL:' DEACTIVATE'D LINKS 1 ,8(I3,1' )(}) 
GO TO 1' 40 

C 
C EXIT COMMAND 
C 
C DEACTlV TE. ALL LINKS .NO EXIT. 

300 00 1310, J=1-N GEN 
,F (GENST(J).fQ ,. 1N) G·O· TO '1310 

CALL (LREF (,J +4,0 ,) 
GEN1ST(J) L1 D 

1310 CO TINUE 
DO 1320 J:1,NUMG!N 
1.F (1GENS,T(J).,NE.L1 D) 60 TO 132'0 
CALL AITFR CJ+40) 

1 .320 CONTINUE 
C TEL OAJUP TO Q , JT .. 

UP'DATE(l) = 6 
CA SEND (OATUP,UPDATE,,10S) 
lf (!DS.NE.1) GO TO 906 

324 CALL RESUE COAIU ,IDS) 
IF (JDS.NE.1) GO 10 1326 
If (IDS.NE.-8) GO TO 924 

C DATUP AD NOT S' SPE OED USELFi IT IS HA ,NDLI , G 
C ANOTHER REQUESJ. 

CAL, lilf S NE 
GO TO 13 24 

C TELL CPU TO QUIT. 
1326 X ~ L D 

IAREA<1) = 1 
C LL SNDNJ (1,,2,IAREA) 
TYPE 330 

1330 FORMAT ( 1 LOCCTL· EXITING.•) 
CALL C SNTW (IOSB1) 
1F uose1 (1 >. NE .. 1) GO TO 922 
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GO TO 1 000 
C 
C INITIJ I!€ COMMAND 
C 
1400 ENABLD - L1D 

TIMER : O .. 
DO 1410 1=1,5 
MSG,LfN Cl) :: 0 
.SlGML ( lJ = O. 
S1G2ML(H = 0~ 
MSGTIM(I) = 0 
SIGM'li(l} ;; 0 .. 
SIG2MT(I) - O. 
NC OtU I) = 0 
SIG( (I) a 0. 
SIG2Cfll(I) • 09 
NRNDEL(I) :s 0 
s.1 1GR O ( I ) = 0., 
SI G2Rl)(I J • O .. 

0lSCOCI) z 0 
NDEl..1U'(l) ~ 0 
SlGD(I) :: Cl!.. 
SIG,20(1) - O .. 
RDtUN(l) = L.E6 
REHUtX(I) .:11 0 
oeLMINCl) ~ 1.E6 

1410 l>ELMAX(l} - 0. 
N~ n r = o 
SIGAT = 0. 
SIG2Af =t 0 .. 

HUN - 1 .. E6 
A f MAX = O. 

C CHECK IF THIS ~AS THE INIIIAL INITIALIZE .. 
IF (I.REA(l).NE~O> GO ro 1415 

C RE QUE s. T I C F> U' ,. THE Ex PER l ME NI TI MER TA SK. 
X = t.1 R 
CALL AfQUES (CPU,r1DS1 
IF (IDS.,Eo.n GO TO 1t.12 

C I C.PU• li/AS NOT t ST LLEo,. I N,FORM ·CEN ,CTL. 
iYF''E 1411, [DS 

1, 1 FOR AT c• LOCCTL: REQUEST TO RUN TASK ''CPU 1 • fAILED. 1 , 

X • I0S='rl3) 
l~RE (U ; 1 

1~12 lAREA(2J ~ 0 
C R!QUEST ~ATUP~ JME DAfA AREA UPDATER. 

CALL REQUES (DAT P,,IDS) 
.I F ( 10 S .. El'l. 1 ) GO l O 1 41 ,4, 

C OATUP ~AS NOT INST LLED. INFOR~ CENCTL. 
f't'PE 11.i13, 11)S 

1413 FORMAT (' LOCCTL: REQUEST iO RUM DAiUP fAltED.', 
X I fDS= 1 ,13) 

lAREA(2) z 1 



1414 CALL SNDNlW C ,,4,IARfA) 
GO TO 500 

1415 NSERIE = J•REA(2) 
1420 NTICKS - lflX ((R~RE (2l-SECNDS(O.>-TI~COR)*60.) 

IF (NTICKS LT.O) GO TO 1430 
CALL ARK C9,NTICKS,1, OS) 
If CIDS.NE.1> GO TO 1440 
CALL WAITfR(9) 

C DATA · REA READY IFOR UPDA ING. 
1430 E BLD = L1R 

(AREA(1) = 1 
IF CNIIC~S.LT.O) IARE~(1) = 1- TICKS 
GO TO 1460 

C C ECK fOR lNSUFF1ClENf DYNAMIC STOR GE. 
144 0 F (IOS.NE.-1) GO TO 1450 

Lt IHSN,E 
0 TO 1420 

45 _ ENABL 1D = L1R 
lAREA 1C1) = 0 

1460 CALL SNDNT (1,IJS81,2,IAREA) 
: f (1AREA(1).EQ.0) 60 TO 920 

TYPE 1470 
1470 FOR T (' LOccr: INlflALIZED. 1 ) 

IF (NJICKS.LT.0) T PE 1480, 0-NJlCKS 
148.0 FOR AT c• L,OCCTL: BUT L.A.T,E Bl 1 ,15,'/,6,0 SECONDS. 11

) 

GO TO 11 40 
C 
C NOTRACE COMMAND 
C 
1 500 GO TO 500 
C 
C RETRIEVE CO A 0 
C 
1600 1AREA[2) ~ NSER E 

NTICKS; 1FIX((RAREA<2>-SECNOS<O.>-TIMCOR)•60.) 
tF (NJICKS. r.D) GO TO 1605 
CA MARK C9,NTICKS,1,10S) 

F CIDS.NE.1J GO TO 1607 
C l "'AITflH9) 
I R·EA C 1) = 1 
G,0 TO 1 61 0 

1605 1-'REA(H = 1-NJIC S 
GO TO 1 6 0 

1607 IAREA( ) 0 
C DISABLE UP 'IJAT I G ,o SEND DATA TO CENTRAL CONTROL. 
1610 ENA1B D :.. ~1D 

DO 1620 1=1,8 
I~REA(3) .. MSG I_E~(I) 
IAREA(4) = MSG 1l~(l) 
IAREA<Sl = CONCI) 
IAREAC6) = NRNDE 1 1(1) 

IAREA(?) = NDISCO(I) 



1620 

UREAC8) II N0 1E ~y ( I) 

RARE (5) z SI G'4 < I > 
RARE.-.(6) • SIG2 L ( l> 
RiliR·EA(7) • S [ 6 1'111 HI) 
RARE1U8) a SIG2'!1T(l) 
RAREAC9) = SlGCMll) 
RA REA ( 110) - SfG.2'CM(I) 
,RAREA(11) : S IGR'D ( I) 

'RAREA( 2) ~ SIG2R0, (1) 
RAREA( 3) ; :ROHN(!) 
RA REA ( 1 ,4, ) - RDMAX(l) 
RA REA ( 11 S) -· SIGO(_) 
RAR ,EAC16) = SIG2DCD 
RAREA(17) - DEL IN (I) 
RAc~EA(18) = DELMAX (I) 

CALL SN D NT~ C 1,,7·2 ,lARE.tl 
IAREA(3) = NA RT I \I 
R REA.(3) = SIG 
RAREAC4) = 'SIG2AT 
RAREA(5) - ATMIN 
R A R - , ( 6 ) = A T M,A X 
Ri\RE4C7) = TIMER 
C~LL SNDNT~ <1-10S81,72,IAREA) 
IF <IOS91( ). E.1) GO fO 918 
TYPE 630 

1630 FORM T (' lOC 0 1 : DATA AREA RETRIEVED. 1 ) , 

IF ( TIC~S.LT.0) YPE 1480, 0-NTICKS 
Go ro soo 

C 
C TR CE COMMAND 
C 
1 700 •GO TO 500 
C 
C 
C 
1000 CALL EXIT 
900 TYPE 901- I0S81C1) 
901 FORMAT (• OPNNT UNSUCCESSFUL 0~ LOCCJL. IOSB1(1)- •,13) 

GO TO 10 00 
902 TYPE 903- IOSB1 
903 fOR~AT ( GNONT UNSUCCESSFUL O . OCCTL. 10SB1: 1 , 

X 13-•.,, 1 ,13) 
GO TO 1000 

904 TYPE 905, 1, lOSB1(1J 
905, FORMAT C' ACCNTiH' ,12-•) UNSUCC.E .SSF L ON LOCCTL.', 

X • I0SB1(1l- '-13) 
GO TO 10 00 

906 T1PE 907, DS 
907 FORMAT ( SEO TO DATU FAILED ON LOCCTL. JDS 1 ,13) 

GO TO 1000 
908 TYPE 909, I, IDS 
909 FOR A (' ASN UN FAILED ON LOCCIL4 J:',12,SX,'IDS =',13) 



G,0 TO 1000 
910 TYPE 911, J, I0S31 (1 l 
911 fOfHIAJ (1X,l2, 1 T1'::I GEN REClil FAILED 0'1 LOCCTL. IOS.B1(1).;; 1 ,13) 

GO f 0 1000 
91 2 HPE 913, 10S61 C1) 
913 F"ORMAT CI MIR REC , .FAILEf) ON LOC CTL,. 10S81 ( );',13) 

GO TO 1000 
914 TYPE 915, IfYPE 
915 FORMAT ( Lacer GNONT~: ITrPE ',13) 

GO TO 1000 
916 TYPE 917, 10581(1) 
917 FOR AT ( 1 REC l~SHWCJIQ.N ON lOCCiL fAHEC. IOS91(1) - · ,13) 

GO TD 11 000 
918 TYPE 919,. lOSB1 (1) 
919 FOR J t• SND SJAJUS ON LOCCTL FAILED. I0S91(1)=~,13) 

GO J(J, 1000 
920 TYPE 921, IDS 
921 FOR~AT (' CALL ~ARK FAILED ON LOCCTL. 1os~•,13) 

GO TO 1000 
922 TYPE 923, IOS61(1) 
92'3 FOR . Af C CLSNTW FAILED ON LOCCf L,. IIQSBHt>:•,13) 

GO ro 1 om.> 
924 iYPE 925, IDS 
925 FORMAT C RESUME DATUP ON LOCCTL FAILED. IDS 1 ,IJ) 

Go ro 1000 
END 



C PROGRAM GEN1 
C WRITTEN BY R. STRAZDAS. 
C 
C THIS PROGRAM REA.DS TR ,O. Fftc GEfHRATOR PARAH - t RS fRQ,t'if A 
C CONMON DAIA ARSA AO USES THEM TO DECIDE HOW MUCH TRAFFIC, 
C W,HEN, W.I-IERE, ETC. TO, SEN1D THROUGH THE N1ETWORK. IT 
C REQUIRES A MIRROR TAS< AT lHE OTHER END Of THE NETWORK 
C INK. DATA COlLEiCTEO IS STORED IN A COMMON ARE. 
C 
C 

C 

OGlCAL•1 LOG 
INTEGER UPDATE(13) 
BYTE TGTB K(72>rNOOE(6),NAME(6),JSKNAM(6),ISKNM6,0UTMSG(4) 
LOGICAL•1 L1N,L1R,L1~rl1D,RBUFFC1000) 
REAL ENAVEC8>, LENEXP(8), RAREA{250), RUPDAT(4J 
BYTE GENST(a>, TlM8AS(8), TGFUNC(8), TFUNC, TGNODE£6,8) 
D MENS ION 10S81 (2), IOS82iCZ).1 lARE ( 500), 

X GETBUF(8), MSTAT(l) 
COMMON /GENB KllRON1,l~ONZ,L1NKN0(8),GENSf,TGNODE,LENAVE, 

X LE EXP,TIMAVE(8), IMEXPC8),JIM8AS,CO~AVE(8), 
X CO EXP(8),TGFUNC 
X /TIMCOR/TIMCOR 
X /RECEIV/ME, 1RECNJ ,RBIJFF 

EQU!VA ENCE crs NM6,(JSKNAM(6)), COUTMSG(1l,LINK~), 
X COUTMSG(3), ~SG>, (RAREA,£ REA), (RUPDAJ,UPOATE(6)) 

DATA NAr-lE/ M•, 1 1 1 ,'R 1
, '1 R 1 ,•0 1 ,

1 R 1
/ 

DATA l N,L R,Lhl,L 0/ N 1 , 1 R', 1' W1 , '1 D•f 
DATA DATUP /5RDAfUP/ 

C GEi THE TASK NAME SO THIS GENEAATOR ~lll KO ~HICH 
C PART OF THE DATA RE 1T SHOULD ACCESS. 
C 

CAlL GETTSK ( GEiBU F) 
CALL RSOASC (6,GETSUF,TSKNAM) 
DECOOE C1,2,TSK~,6,ERR=920) ME 

2 FORMAT CI1) 
U1PDATE(2> = ME 

C 

CAL ASNLUN C2, NS 1 ,0,!DSJ 
If <1DS E.1> GO JO 908 
CAL_ OPNNT~ <2,10S81,MSTA ,1) 
IF ClOS01(1).NE.1> GO TO 900 
CALL ASNLUN (1,'NS',O,IOS) 
IF (IDS.NE 1) GO O 908 

C SIET UP THe T RGET BLOCK. FOR THE C0~1 1ECT CALL. 
C 
50 C LL BACC C OG,TGTBLK,,,,,,> 

lF (LOG.EQ. FALSE.) GO TO 914 
00 0 I= 1, 6 

10 NODE(I) - GNOO,ECl,ME) 
CALL BFMT (LOG,TG BLK,6,NOOE,,6,NA E) 
If (LOG~EQ •• FALSE.) GO TO 916 
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C !NIT A IZE THE NUMBER OF PENO[ G RECEIVES. 
NRECNT; 0 

C F TIMING DEPENDS ON AfllNG fOR REPLIES FROM THE 
C l RR OR TASK.,. THE , USE EV T Fl AG O TO COOR O 1 TE I J. 

IF <TIMBAS(MEJ.EQ.L1R) CALl SETIEf (10), 
C [ lTlALlZE EVENT f AG 9 . 

IF (TIMBAS(ME).EQ.L1W) CA SETEF (9) 
C GET T E NUMBER OF MESSAGES PeR CON ECT. 

N SG - IFIX (EX?O (CONAVE(f1E),CONEXP(ME) • • 9999) 
LINK = LINKNO(ME) 

C N SG ANO LINK ARE INCLUDED IN THE CONNECT MESSAGE. 
15 CALL CONNT~ (1,IOSB1,TGTBLK,4,0UTMSG,,) 

H (l0S81(1'>,.NE., - 7 OR IDS ( ).NE.,33) GO TO 19 
'1PE 7886 

7888 FORMAT c• RETRY CONN CT ••. •) 
0 TO 15 

i9 If ( 0S81<0 .. NE.1) GO TO 90 2 
C RECORD INFO. 

UPD TEC1):: i 
UPOATEC3) = NMSG 
CALL SEND (DATUP,UPOATE,,IOS) 
If (IOS.NE.1) GO TO 90,6 

20 CALL RESUME (OATUP,10S) 
IF (IDS EQ.1> GO 'JO 40 
IF Cto,S.NE.-8) ,0 f ,0 922 

C DATUP HAS Nor SUSPENOEO IT SE f: IT s HANDLING 
C ANOTHER REQUEST. 

CALL I-HSN£ 
GO TO 20 

40 T; SECNOS(O.) 
C 
C GE ERATE NO S,END lHE MESSAGES. 
C 

C 

C 

C 

C 
C 

,DO 5 00 N=11 ,NM SG 
CHECK FOR OEACTI~AlE. 
IF CG NSTCMEJ EQ.L10) GO TO 550 
GET THE MESSAGE ENGTH. 

SGLEN = IflX CEXPON (LEN 
IF ( SGLEN.LT.6} SGLEN = 

VECME) , ,,ENEXP(ME)) + .S) 
6 

= 1000 F ( S Gl EN.GT .1000) - S G LE 
CONSTRUCT THE MESSAGE. 
RAREA(1) - SECNDS(O.) ♦ llMCOR 

C BR NCH DEPENOIN6 0 THE V LUE OF TiMB S 
If CT 1 MB AS CME ) • Ea .. L 1 .J) GO TO 1 00 
IF (T M,BASCME).,E .Q,.L1R) GO TO 20 

C 
C TIMBAS=N (NO WAITING . SENO IM EDI TELY .. ) 
C 

CALL S ONT (1,, , SGLEN,IARE ) 
T :: SECNt>S <T) 



C 

ITIME = lFU <T • .5) 
GO TO 300 

C TJMBAS ~ (~Alf FOR ACCNOWLEDGE OF P E~IOUS MESSAGE) 
C 
C WAIT UNTIL THE MESS GE SHOULD BE SENT. 
100 CALL MAITfR (9) 

CALL SNDNTW (1,10S81,MSGLEN,IAREA) 
IF C[OSB1(1).Ne.1) GO TO 904 

C G,ET THE INTERMESS GE THIE. 

( 

IT(ME ~ MAX0(1FIX(EX ~ (JIMAUE(ME),TIMfXP( E))+.S),O) 
CALL MARK (9,lllME,1) 
GO TO 300 

C TI BAS~R (WAIT FOR REPLY Of PREVIOUS MESSAGE) 
C 
C GET THE INTERMESSAGE flME. 
200 ITIME = MAX <1FlX(fX?ON(TlMAV£(ME>,TIMEXP(MEl)+.5),O) 
C FIRST WAIT FOR THE REPLY 10 THE PREVIOUS ESSAGE. 

CALL W ITFR (10> 
C NO ~AIT THE REQ IRED AMOUNT Of T ME. 

CALL MARK (9,ITIME,1) 
CALL CtREF (10) 
CALL WAITFR ( 9) 
CALL SNDNT ( 1 ,,MSGLEN,lAREA) 

300 NRECNT - NRECNT + 
C IF WAITING fOR REPLIES FROM THE IRROR TASK, MAKE SURE 
C ME DON'T ~ISS H~ LAST ONE 

IF C EQ.NMSG.A O.TGFU C(ME).EQ.L1R) C LL tLREF (11) 
C RECORD INFO. 

UP0ATE.(1) - 2 
UPO~TE(3): ITI~E 
UP0ATE(4) = MSGLEN 
CAL SEN0 CDATUP,UP0AlE,,IDSJ 
IF (10S.NE.1) GO TO 906 

3 0 1CA 1 l RESU E (DAT _P,lDS} 
1 CIDS.EQ.1) G,O TO 330 
IF (IDS.NE.-8> GO TO 922 
CALL WFSNE 
GO TO 310 

3,30 1 r (T GFUNC (ME) .EQ. _ R) CALL RM C 
'500 C 0Nf I NUE 
C 
C IF THE MIRROR TAS( REPLIUES, THEN WAIT FOR THE LAST 
C RECEIVE. 

F (TGFUNC(ME}.EQ . 1R) CA l WAIT FR ( 11) 
C DISCONNECf ANO RECORD NfO. 
550 CALL DSCNT~ c1,1osa1,,,ou,~SG) 

IF (10S81(1>.NE.1> GO TO 912 
IF (G,ENS (ME.).,EQ l1D) GO TO 600 
UPOAiE(1) - 4 
CALL SEND CDATUP-UPOATE,,IOS) 
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If ( 1 D S . ~E .. > G . T O 9 6 
560 CALL RESUME (DA P,IDS) 

IF Cl~S.EG.1) GO TO 50 
IF (lDS.NE.-8) GO TO 922 
CALL Wf'SNE 
GO TO 560 

C TELL LOCCTL THAT THE LINK IS CISCONNECTEO, AND EXIT 
600 CALL SETEF (ME+40) 

CAll CLSNTW CIOS31) 
F ( OSB1C1).NE.1> GO TO 918 

C 
C 
C 
1000 CAL EXIT 
900 TIPE 901, TSKNAM, IOSB1(1) 
901 F0" AT ( 1 O,PN'NT U 4SUCCESSFUL ON 1 ,6il.1, • . 0S81(1)~'' ,13) 

Go o ·ooo 
902 TYPE 903, TSKNA~, fOSa1 
903 FOR AT (• CON 1NTW UNSUCCESSFUL ON ',6A1,'. 10SB1- ', 

X I3, 1 ;, 1' ,I3) 
GO TO 1000 

904 . YPI: '905, TSKNA:ot ,,. 10S1:11 1(1 ), , H.MB SOtO 
905 FOR AT (' SNDNT UNSUCCESSFUL O •,6A1, 1 (0Sa1<1>-•, 

X 13,' TJMBAS-•, 1) 

G01 TO 1000 
906 TYPe 907;, TSICN :-1, IDS 
907 FORMAT (' SE D TO 0ATUP FAILED ON ',6A1,' lDS;',13) 

GO TO 1000 
908 TrPE 909, TSKNA~, IDS 
909 FOR AT ( ASNL N FAl E:l> ON 1 ,6A1, 1 • Jl>S '1 ,13) 

GO TO 1000 
912 IYPE 913, TSKN M, 1OS81(1) 
913 FORM~T C DSCNTW UNSUCCESSFUL ON ',6A1, 1 • IOSB1(1)=',i3) 

GO TO Hrno 
914 TVPE 915, TSKNAM 
9 11 5 f O R A J ( • B A C C F I LE O O • , 6 A 1 , ' ,. • ) 

G,0 TO 1000 
916 TYPE 917, TSKNA 
91 7 · 0 R I'll AT ( ' Bf M T1 f A ILE O ON ' , 6 1 , •. 1' ) 

GO TO 1000 
9 1 8 T Y PE. 9 1 9 , TS K NA M , 10 S B 1 ( 1 ) 
91' 9 FOR AT ( 1 CLSNhl UNS,UCCESSFUL ON 1 ,6A1, .. 10S81 (1) • ,13) 

GO TO 000 
920 TYPE 921, TSKNA 
921 FORMAT ( 1 

•• E' DECOO ,E IAILEO ON ',6A1, 1 ., 1 ) 

G,O TO 1000 
922 TYPE 923, TSKNAM, IDS 
9 2 3 f OR Al < 1 R' E S UM E O AT U ,p F A I L E D ON ,, , 6 A 1' , ' ·• l D S ~ 11 

, I 3, ) 
GO TO 1000 
END• 
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FUNCTION EXPON CA~E,EXP) 
C 
C THIS FUNCTION COMPUTES AN EXPONENTlAL=Y DlSTRIBUJEb 
C RANDOM VARIABLE WITH AVERAGE VALUE' VE' ~ND exPOKENTIAL 
C p RAHE ER 1 EXP 1

• I.e. F(X) :•ExP••(E••c-•exP••x)J 
C 
C 

COMMON /GEN8LK/ 1RAN1,IRAN2 
C IF •exp• IS ZERO, A CONSTANT VALUE WILL aE RETURNED. 

IF (EXP.!Q.O} GO ro 900 
C GE AN EXPONE TIA~LY OISTRlBUTEO RANDOM NUM8ER. 

t - RN (IRAN1,fRAN1) 
1 - ALOG (1./T)IEXP 

C ADJ ST TSO JHAi ll HAS THE PROPER AVERAGE VALUE. 
EXPON - T + AVE - 1.JEXP 
RETURN 

900 EXPON = AVE 
ReTURN 
ENO 
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ME: 

;RMAC DOES A ~ETWOR~ RECEIVE, SETTING UP 'R ST•, AN AST 
:WHICH IS INVOKED AT THE COMPLETION OF THE RECEIVE. 

• CALL RECSE1RECS,ASTXSS,Q!OW$C,EXIISS 
REC EI V,G BL, :JVR1D , 

NR ECNT'" 
RBUFF: 

PSECT 
.BLKW 
.BLK 
.,BLKB 
• PSE CT 
REC$E 
RETURN 
.BLKW 
REC$ 
CM B 
6NE' 
CALL 

1 
1000. 

RECBL 

STATUS: z 
RECB ,_ K: ,,STAf · S,RAST,<RBUFF,10OO.> 

#IS.SUC,S ATUS ;wAs IT SUCCESSFUL~ 
10$ 

RAST: 

C P 
AS XSS 
MOV 
ov 

MOV 
CALL 
QlO SC 
ASTX'SS 
.ASC!Z 
.ENO 

Fl:ffN 
CSP) ♦ ,S ;CLEAN THE STACK 

#STATUS,R2 
#IOBUF, .1 
#I0BUF_.RO 
SED SG 
IO.WLB,5,20,,,~<10BUF,R1,40> 

/E:RROR J,N R!C$E IN R.MAC: XPI 

SUBROU fNE RFTN 
C SUBPROGRAM CALLED BY RMAC TO COORDfNAJE 1Nf0RM flON 
C FLOW ANO TIMI G AFTER A GENERATOR RECEIVES A MSSSA6E. 

C 

INTEGER UPOATEC1J> 
DIME SION RUPDATC4) 
COMMON /RECElV/~E,NRECNT,RBUFFC250) 

X /TIMCO,R/llMCOlii 
EQUIVALENCE (R P~AT,UPDA -E(6)) 
O A: A DA f UP / '5 RD i F>/ 

C RECORD I 1FO. 
C 

T = SEC N l),S ( 0 .. ) + T I - IC JR 
UP O TE ( 1 ) - 3 
UPDATE (2) = ' E 
RUPOAT(1) = T - BUFF( ) 
CALL SENO (DA UP-UP0AJE,,I0S) 
IF (10S.NE.1) GO TO 98 

10 CALL RESUME (O~TUP,IDSJ 
· F ({OS.EQ.1) GO ro 20 
IF (10 NE. · .. 8) GO TO 96 
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C DATUP HAS NOT SUSPENDED ITSELF; IT IS HANDLING 
C ANOTHER REQUEST. 

CALL WFSNE 
GO TO 10 

20 NRECNT ~ NRECNT - 1 
IF ( RECNT.LT.0) TYPE 10□, ME, NR@CNl 

C EVENT FLAG 10 lNfORMS lffE GENERATOR THAJ iHE ESSAGE 
C H4S BEEN RECEl~ED. 

CALL SETEF (10) 
C EVENT FLAG 11 INFORMS THE GENERATOR THAT THE AST 
C ESSAGE HAS BEEN RECEIVED. 

If (NRECNT.EQ.0) CAL SETfF C11) 
RETURN 

96 TYPE 97, IDS 
97 fORMAT ( 1 RESUME DATUP fAfLfO ON RFfN. IDS = ',13) 

RETURN 
98 TYPE 99, IDS 
99 FORM T ( 1 SEND TO DATUP FAILED O RFTN. lDS= 1 ,13) 

REJURN 
100 FORMAT <' RFTN: ,12, ' TH RECElVE COUNT IS 1 ,13) 

END 
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C PROGRA~ MIRROR 
C WRITTEN 8Y R. STRAZOAS. 
C 
C THIS PROGRAM COMPLE ENTS THE TRAFFIC GENER 10R Y 
C PROVIDING A TARGE T SK WHICH CAN RETURN THE OAT IT 
C RECEIVES. NO MORE JHAN ONE OF THIS TASK ~ILL RESIDE 
C IN EACH NO .DE, ND -. r I l C·CEPT All CON ECT R·E UfSJS 
C FROM GENERATORS. 
C 
C 

l IEGER UPDAIE(13) 
BYE MAILC102),L1R,L1N 
BYTE TGfUNCC8>,TGStAr(8> 
DIMENSION 1AREAC500),~STAT(3),NNSG(8),RAREAC250), 

X UPDAT(4),IOSB7(2),IOSB2(2>,IOSB3(2),!0SB,(2),IOSB5(2), 
X 1OS96(2), l0SB7l2), f0SB8(2l, !OS89(2), I0SB(2,9) 

COMM N /JGTBLK/LINKN0(.8,),iGST · T,TGfUNC 
X /TH'ICOR/TI COR 

EQUIVA ENCE <LINl<:C,M 1L(99)), (NMESS,MAIL(1Q1)), 
X (l NKO,.MAfl( )), ( .RAREA,IAREA) 

EQUIVALENCE (IOSB1,IOSB(1,1)), (10SB2,IOSBC1,2)l, 
X ( OSB3,IOSB(1,3)), (IOSB4, OSBC1,4>>, (l0S85,IOSBC1,5)), 
X C 10SB6, IOSB( 1, ,6)) , , ( 10S8,7, IOSBC ,7)), ( IOSB,8.1 .IOS 8( 1,8)), 
X (I0SB9,IOS6(1,9>), (RUPDAT,UPDATE(6)) 

OAT.A 1R,L1N/• ', N1
/ 

AT OA UP /SROATUP/ 
CA:LI.. .IIISNLUN (2,• ' S',O,lDS.) 
IF CIDS.NE .. 1) GO TO 910 

C DETERMINE HOW ANY LINKS THERE MY BE. 
00 so t-1-10 
IF CLJNKNO(I).EQ.0) GO TO 60 

'50 CONTINUE 
60 CALL OPNNJW (2,IOSB1,MSTAT, -1) 

F ( IOSB1 (1 )1 NE. ) 601 TO 9 00 
UPOATE(1) - 5 

LINKS= 0 
T 2 : S EC NOS CO• ) 

C INITIALIZE 10S8 SINCE l I WAS USEO WITH OP NT. 
IOSB I ( ) = 0 

100 C LL G DNT (10SB9,I VPE,102,NAI ,,,> 
C 
C All fOR SOMET HING TO HAPPEN. 
C 
200 CALL WAITNT (iNDEK,l~SB1110S82,10S83,10SB4,IOSB5, 

X OSB6, OSB7, _0SB8,JOSB9) 
T = SECNOS(O.) + TlMCOR 
11 ;:: SECNDS02) 
T2 : S'ECND•S(O.l 
If CINOEX.EQ..,9) GO TO 5,00 

C 
C RECc IVE HAS CO , LEfE'I). 
C 
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IF (IOS8C1,INDEX).EQ.1) GO O 250 
C THE RECEIVE WAS UNSUCCESSFU EITHER A DISCONNECT ~AS 
C R!CEIVEO OF A P~OBLE EXISTS. 

If (IOSBC1,INDEX).NE.-3) GO TO 904 
IF ClOSB9(1).EQ.0) GO TO 912 
GO TO 500 

C RETUR THE MESS~GE? 
250 IF ( GFONC(INDEX).NE.L1R) GO TO 300 

CALL SNDNT (INDEX+7,,IOSBC2,1NDEX>,IAREA) 
300 NMSG(INDEX) = N SG(IN0£X) - 1 
C 
C RECORD NFO 
C 

UPOATEC2) INDEX 
RUPDAT(1) - l • RAAfA(1> 
RUPOATC2): T1 
CALL SEND CD TUP,UPDATE,,lDS) 
IF (IDS.NE.1> GO TO 908 

301 CAL RESU~E (DAJUP,lDSJ 
IF (IDS.fQ 1} GO TO 3)5 
IF CIDS.NE.-8) GO TO 916 

C OATUP HAS NOT SUSPENDED lJSELf; IT IS HANDLING 
C ANOIHER REQUEST. 

CALL WFSNE 
GO TO 301 

305 IOSB(l,INDEX) ~ 0 
IF CNMSG(INDEX).EG 0) GO TO 200 
GO TO (310,320,330,l40,3S0,360,370,380), INDEX 

310 CALL RECNT CINDEX+7,10SB1,1000,IAREA) 
GO lO ZOO 

320 CALL RECNT (INDEX+7,l~Se2, 0OO,IAREA) 
GO TO 200 

330 CALL RECNT CINDEX+7,IOSB3,1000,IAREA) 
GO TO 200 

340 CALL RECNT CINDEX+7,IOSe,, . ooo,1AREA) 
GO TO 200 

350 CALL RECNT CINDEX+7,IOSBS,1000,I REA) 
GO TO 200 

360 CALL RECNT <I DEX+7,IOSB6,1000,IAREA> 
GO TO 200 

370 CAL RfCNT CINDEX+7,10S87,1000,IAREA) 
GO ro 200 

380 CALL RECNT (INDEX+7,IOSB8,1000,IAREA) 
GO TO 200 

C 
C A GET NETWORK ~ATA COMPLETEO 
C 
500 If (IOSB9(1)~NE.1) GO TO 902 
C CHECK TH€ TYPE OF D T. 

IF CITYPE.EQ.1) GO TO 600 
IF (ITYPE.EQ.3) GO TO 700 
UNEXPECTEO DATA TYPE 
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TYPE 510, TYP!:, 10S89 
SO FOR AT (• UNEXPEC ED GND IN MIRROR. ITYPE= ,l3, 

X •.,. ST JUS= 1 .,13,•, ,13.) 
GO TO 100 

C 
C CO NECT ESSAGE RECEIVED 
C. 
600 INDEX= NLINK(LINKt) 

IF (INOEX.EG.0) GO TO 650 
MSGO DEX) = ,MESS 

CALL ASNL N <~NDEX+7,'NS',0,IDS) 
IF CIDS.NE.1> GO TO 910 
CALL ACCNT~ (INDEX+7,lOSB9,MAIL,,) 
If ( OSB9C1l.NE~1) GO TO 914 

C STA US lS •READY'• 
TGSI~ {INDEX) = L1R 

LINKS o NLINKS t 1 
CALL GNDNT (10589,ITY?E,102,MAIL,,,) 

C ISSUE THE FIRST RECEIVE. 
GO TO 30 5 

650 TYPE 660,, (MAlt(J), J:25,44,) 
660 FOR AT C' UNAUTHORIZED CONNECT RECEIVED SY MIRROR FROM', 

)( 20A1) 
C· LL Fl:ieJNT (,MAI .,,) 

0 TO 100 
C 
C DISCONNEC MESSAGE RECEIVED 
C 
?00 INDEX= NLI~K(LlNKDJ 

TGSTAT(INDEX) LtN 
NLINKS = NLINKS -
IF (NMSG(INDEX). E.Ol TYPE 760,LI KNO(JNDEX), MSG(INOEX) 

760 f0R · U ( 1' llNK',131 1 DISCONNECTED FRO 1MIRR •01R , f.H , 
X 13, MESSAGES l TSTA DING. ) 
lf CNLINKS.N•E.0) GO TO 1100 

C 
C EXIT. 
C 

1000 
900 
901 

902 
903 

CA L CLSNT~ ( 10.S31) 
If Cl0S81(1).NE.1) GO TO 906 
CALL ex1r 
Tl'PE 901, 10S81 (1) 
FORM T ( 1 OPN,NT ' SUCCESSFU ON l,l~ROR. 
GO TO 1000 
TYPE 903, IOSB9 
FORMAT ( 1 GNONT UNSUCCESSFUL ON MIRROR 

X 13,', ',13) 
GO TO 000 

I 01S 8, 1 C 11 .- 1 , I 3} 

I0SB9= '', 

904 TYPE 905, LlNKNO(INOEX), 10S8(1,JNDEX), NMSG(lNDEX) 
905 fORMAi C R·ECNT ON LI K•,13,, U SUCCESSFUL ON [ ROR.', 

X I l0$81(1)= 1 ,I3/Sx,•oursrANDI G MESSAGES =',13) 
GO TO 00□ 
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906 
907 

908 
9'09 

910 
911 

912 
913 

914 
915 

916 
917 

C 
( 

C 

1 00 

200 

JYPE 907, IOSB1(1) 
FORMAT ( 1 CLSNIW UNSUCCESSFUL ON MIRROR. 10S81(1)=',13) 
GO TO 1000 
TYPE 909, IDS 
FORMAT ( 1 SENO TO DATUP FAILED ON MIRROR. IOS-',Ill 
GO TO 1000 
TYPE 911, IDS 
fOR Al <' CALL SNLU~ FAILED ON MIRROR. IDS= 1 ,l3J 
GO TO 1 DO0 
TYPE 913, I0SB9(1), NMSGCINBEX) 
FORMAT (• RECNT FAILEO, WITHOUT DISCONNECT, ON MIRROR.', 

X I JOSs9-',13/Sx,'OUTSIANDING MESS~GES = 1 ,13) 
GD TO 100C 
TYPE 91S, 10S89(1) 
FORMAT (' ACCNI~ FAILED ON MIRROR. i0S89(1);',I3) 
GO fO 1000 
TY'PE 917., IDS 
FORMAT c• RESUME DATUP FAILED ON MIRROR. IDS=',ll) 
GO TO 1000 
ENC 

FUNCTION NLINK 
THIS SU8PR0GRA 
Wt1ERE A GIVEN 
0 IS RETURNED .. 

(L l NK) 
RETURNS THE INDEX Of THE ARRAY LJNKNO 

INK NUMBER IS FOUND. IF lT IS NOl fOUNO-

COMMON /lGTBLK/LINK 0(8J 
C>O 100 1-1,8 
IF CLINKNO(l).EQ.LINK) GO TO 200 
CONTINUE 
NlINK = 0 
RETURN 
NL INK - l 
RETURN 
END 
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C PROGRAM D, ilJP - DAT~ BASE IJ,PDAT R,. 
C W I T EN Br R. STRAZDAS. 
C 
C THIS PROGRAM WILL RESIDE IN EACH HOOE ANO IS SOLELY 
C RESPONSIBLE FOR UPDATING IKE D-IA BASE. THE LOCAL 
C EXPERI ENT CONTROL ROUiINE w L CALL IT ro lNlfIALlZE 
C THE DA A BASE, AD IT ALWAYS CHECKS ITS ENAB E BIT BEFORE 
C ~RlllNG. IT IS LSO USED Br fKE GENERATOR(S), THE 
C MIRROR TASK, NO THE MONITOR TASK. 
C 
C 

BYTE ENABLD, l D, X 
INTEGER UPDAfEC15) 
OIME S!ON RUPOATC4) 

C VARfAB E ~ IS SfO ONLY TO PRESERVE WORD ALlGN ENT. 
COMMON /DATBLK(E ABLD, X, TIMER, NEXP~, NSERI, 

X MSG ENC8J, SIGML(8l, SIG2ML(8), 
X MSGTIM(8J, SIG T(S), SlG2MTC8), 
X NCON(8), SIGCM(8), SIG2CM(8), 
X NRNDEL(8)# SIGRD(8), SIG2R0(8), ROMIN(8), ROMAXC8J, 
X NDISC0(8>, 
X NDELAY(8), SIGD(8), StG2D(8), OELM!NC3J, OELMAX(8), 
X NARiIM- SIGAl, SIG2 I, ATMlN, ~TMAX 

EGU!VA ENCE (RUPDAT,UPDATE(S)) 
DATA L D 1'0 1 1 

C GE · SO E .DATA .. 
C 
C SUSPEND MYSELF, AND w IT fOR SOMEONE JO SE~D ro ANO 
C RESUME ME .. 
50 CALL SUSPND 

CAL . RECEIV ( ,tilPE>AtE,.,Jo,s> 
lF C.IDS .• EQ,.1) GO TO 9'9 
IF CIDS,.NE.-8> IiPE 60, IDS 

60' f O RMA:T ( • DA r UP.. C Ail RH E · V , I LED. l O Ss •, I 3) 
GO TO SO 

C CH~CK If D~TA UPOAIE IS DISABLED. 
99 If ( UPD TE(3).EQ.6l CALL EXll 

JF CENABLD.EQ.L10) GO TO 50 
N = POAJE(4) 
IF (UPDATEC3).LE.O.OR.UPOATE(3).GE.6J GO TO 998 
GO O (100,200,300,400,500), UPDAT€(3) 

C CON ECT MESSAGE SET ar GENERATOR N. 
100 NCO CN) = NCO ( ) ♦ 

S I GC Mon ;; S l GC ill ( N l + f O A T ( UP DAT e ( 5 )) 
SlG2C CN) = Sl&2CM (N) ♦ FLO ,TC UPDATE (5)••2> 
GO TO SO 

C MESSAGE se l BY ENERAfOR N 
200 T = F, OA (UPOATECS))/60. 

MSGIIMCN) = MSGJJM(N) + 1 
SIGMT(N) SIGHJCN) + T 
St G2'MT ( N) - S l G2~T CN) ♦ * 1i 
MSGLEN(N) MSGLEN(N) + 1 
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SIGML(N) = SlGM -(N) + UPDATE(6) 
SIG2ML(N) SIG2ML(N) + UPO TEC6>•UPDAIE(6) 

1GO TO SO 
t MESSAGE RECEIVED BY GENERAJOR N. 
300 NRNDEL(N) • NR DEL(N) + 1 

SIGRD(N) M SlGRD(N) + RUPDAT(1) 
SIG2RD(N) SIG2RO(N) + RUPDAT(l >•RUPDAT(1) 
IF CROHINCN).61.RUPDAT( )) ROMIN(~) - RUPDAT(1) 
.IF (Rl>MAXOO.LT. UPDA.l(1)) ROMAX(N) RUPDAT(1) 
GO TO 50 

C DlSCONNECT SENT BY GENfAAJOR N. 
400 NDISCOCNl NDISCO(N) • 1 

GO TO 50 
C MESSAGE AECElVED BY MIRROR ON ITS NTH LINK. 
500 NDELAYCN) ~ NOEL f(N) + 1 

SIGD(N) - SIGD( ) • AUPDAl(1) 
SIG2DCN) S[G2DCN> ♦ RUPbAJ(Tl•RUPDAT(1) 
If (DELMIN( ).GT.RUPDAT(1)) DELMIN(N) - RUPDAF(1) 
IF COELMAX(Nl.Li.RUPD TC1J) DELMAX( ' ) = RUPDAT(1) 
NARTIH ~ NiRJIM ♦ 1 
SIGAT ; SIGAJ + RUPDATC2) 
SIG2AT = SIG2Al ♦ RUPOAT(Z)+RUPOAT(2) 
IF (ATMIN.GT.RU?DAJ(2)) AT"lN; RUPDAF(2) 
If U:T 'AX.LT.., .UPO T(2)) AHtAX - RUPbAT (2) 

GO r O 50 
998 JYPE 999~ UPDATE(]) 
9 9 9 FORM A f C I DA r UP: i NVA LI D f ND EX: , I 2 ) 

GO JO 50 
urn, 
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PROGRAM CP-1.1. 
C WRITTE~ BY R STRAZDAS . 
C 
C THIS PROGRAM 0Nlf0RS CPU USAGE BY INCREMENTING A 
( COU JER IN T , E D·AT A BA SE, PROPOilii! T !ON AL TO lH 1E T lME 
C THIS L0~ - PR0I0RIJY PROGRAM RUN S~ 
C 
( 

BYTE E A8 _0, X, L10 
COMMON /DATBLK/ E~ABLD, X, TI ER 
DATA L1D l'O'/ 

10 ~o 20, J=1,320 
I( ,; J 

20 ( ,ONT NUE 
lF (ENABLD.NE,.L1 ID) THIER = TiM 1ER + , 
IF (X.EQ.L1D) CALL EXJI 
GO TO 1' 0 
ENO 
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C PROGRA KOMMON. 
C WR[TTEN BY R. ST AZOAS. 
C 
1C T H I. S R OU T I N iE OE F I · e S A S Y S T EM CO fll.O N A RE A F OR U SE l N 
C T H E N ,E T O IUC T RA f F I C G EN E RA T OR P ft O GR A 1S C EM C TL , 0 C C TL , 
C GEN1, , RR:OR,. A D DAiUP. 
C 
( 

Bl01CK DATA 
REAL LEN VE(8), LE~EX (8) 
BYTE GENSiC8),MlRSTt8), Tl~9AS(8),TGFUNC(8),TFUNC(8), 

X TGNODE(6,5), ENABLO, X 
C VARIAB EX 15 USED ON Y TO WORD A lGN COMMON BLOCK 
C. DA TS.l.K • 

CO . ION IGENE!LKlIRAN ,IRAN2~,LINKN0(8),G ,eNST,TGNOOE,LENAVE, 
X LENEXP, · l AVE(.S), JIMEXPCB),TIMBAS,CON VEC8), 
X CONEXP(8), TGfUNC 
X /TGTB Kl LINKN1(8), ~IRST, TFUNC 
X /TIMCORI TlMCOR 
X /OAJBLK/ ENABLO . ., X, TH1'ER, NEXP 1E, NSERI, 
X MSG ENC8>, SIGM C8l, SIG2M <8>, 
X MS6fIM(8J, SIG~TC8>, S1G2MJC8l, 
~ NCO CS>, SIGCM(8), SIG2C~(8J, 
X NRNDEL(8), s · GRD<8), SIG2RD(8), RD INC8), RDMAX(8), 
X NIHSC0(8 .), 
X NDElAY(8), _!GO(B), SIG2D(8), OEUU:N(S.), DEUIAcJ<(8), 
X NAR·Tl 1, SIGAT, SIG,2A.Tit Alf!HN, ~TM )( 

END 
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