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DATA AIlD FI LE TRAllSFER - SOt,iE t·iEASURGiEtH RESL'LTS 

During the last six months, we hav~ been monitorin~ 

(although not continuosly) the performance of our FTP-user and 

FTP-server progra~s. The purpose of this paper is to 1) discuss 

measurement criteria, 2) describe the rne a su rerne n t facilities, 

3) report the relevant measure~ent results, 4) discuss the 

significance of results and compare them with other measurement 

data, and 5) ask for suggestions on our measurement and 

summarizing procedures. 

I. 111 E t,iEA SUR EI,jEIJT CR I T ER I A 

The FTP (Ref. liThe File Transfer Protocol", by Abhay 

Bhushan, fJiJG/RFC 354, NIC 1059G, ) may be considered a facil ity 

for data transfer between file systems. The relevant measurement 

p a r ame t e r s for a data transfer f ac l l l t v are: 

second) wh Ic h determines the throughput of the data transfer 

facil ity. 

2) Resp..:nse tirie or delay (rne a s u re d in seconds) v.h l ch d e t e r.nl ne s 

the "Jn t e r ac t l b l l l t v" of the f ac l l l t y • 

3) Processing cost (measured in dOllars or cpu-seccnds per 

nc twc r k an d '.: ;",": ',: i 12 system. Thi.:: l ; c n l y on c c or.p c nen t of the 
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cost of t r an s f e r r l n g data, t he other component being the 

comrnun l c a t i cn cost (includinb li ,:P processing costs) wh I c h vre take
 

as g l v en.
 

4) Failure-to-connect rate - average time elapsed between
 

failures to connect t o the facility (r.e a s u r e d in hours).
 

Failures could be in t~e Host (processor and file syst2m)
 

h a r dVIare 0 r so f t \'1are, 0 r 1nthellPsan:! tel e ph 0 neli n e s .
 

5) Av.ailab'ility - the percentage of time a given facility is
 

available, o r alternately the probability of finding the facility 

available at a given time. 

G) Accur~cl' - r.ie a s u r c d by 
- ' .... - . .. 

the p r o bab l I l t v of e r r o r in 

transferring bits, byte~, blocks, or files. 

I I. THE t,lEASURE i1ENT FAC 1LIT I ES 

The J·I!T-Cr·1S survey program (ref. "A Report on the Survey 

Project" by Abhay Bhushan, N\IG/RFC :30, rJI C 1"1375) measures the 

r e s pon s e t Irne , failure-to-connect rate, and av a l l ab l l l t v of ther 

Hos t r- l o g g e r f ac l l l t y (on socket 1). Our p r e l iminary experiments 

have indicated that the corresponding measurement results for the 

FTPareve r y c los e tothat for t I", <2 1;)g g e r (a t 1e a s t the y are the 

same order-or-magnitude). As the use of FTF and the ARPAIJET is 

increasing rapidly, most Hosts have t he i r logger and FTP 

o pe r a t ional v.he ne v e r the i r Host and NCF (tte twc r k Control Pro g r am l 

are functioning. The response time for obtaining the use of FiP 

service is very close to that for cctai;ling the use of the lo~ger 



--

PAGE 3 

service as both involve the use of the lep (Initial Connection 

Pr'o t oco 1 ) • 

Pre~lmia~ry resu]t~ from the Survey Project indicate that 

the average response time in recent ~on t h s has been abo~t 2.7 

s e c onds . The average av a l l ao I l Lt y ha s been abo u t 85 ;~ with the 

failure-to-connect rate being abo~t once every 10 hours. Table 

shews summary result s for the time period August 26 through 

August 31, 1973, for three ~osts with TENE X operating systems 

(SRI-ARC (NIC), BBN-TENEXA, and USC-lSI). 

The reader is cautioned that tile data below r e f l e c t s tllE:: 

H6st perf0rmdnce as seen by the MIT-DMS survey ~rogra~ which 

surveys the Hosts only once every twenty minutes. Consequently, 

the ac t ua l host performance mav be s ornewha t different. Also, we 

cannot distinguish between IMP, telephone 1 ines, and Host 

failures and the response ti~e of a host is affected by its 

distance (riurnbe r of It·:P hops) from the ·t·;1T ItiP (It lP G). 

In the data shov.n in Table II, each sucess or fail response 

Is considered to have a duration of 20 minutes, so Hosts are 

given the benefit of the doubt for the time we are not surveying. 

In addition, the respcnse ti ne has been av~raged only for the 

s ucc e s s f u l logger available responses. The logger is considered 

available if the SUR~EY progra~ can establ ish a full-duplex 

connection within 20 seconds. Th~ Host is considered available • 

VJ hen t tis n(I tin the " C·EAD" s tat e (s tat e sin \'.hie h log ge r i s not 

up but the Host is av a i l ab l e a r e lo;?;eer not responding and logger 
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rejecting). 

TABLE I 

RESPO~:S~ TitlE, ;\V AI l,ABI LII Y, AND E/'..IL URE r:AILFOR S~ J ~r,TED l-1QSI S 
(tas~d on SURVEY J a t a for 8/25/73 through 8/31/73) 

PA RA.I';El ER NIC Bfn I S I 

Average Response-ti~e (sec.) .7... 7 . 2.4 3.0 

Host Availability 93% 35% 37% 

Logger Availa~il ity 91% 7 9 ~~ 83% 

Failure-to~connect rate 

-_ .. ..._... - for Host- (hour s ) 18.2 9.4 18.1 

Failure-to-connect rate 

for lor;eer (hours) 16.0 6. Q 10.0 

The details on the above measurements will be reported in a 

forth-coming paper. This paper will focus on the remaining 

parameters of transmission rate, processing costs and accuracy, 

as measured by the fv1II-nl';S File Transfer Measurer.1ent facility. 

The ETP mea s u r e r.ien r facility exists in the ~~IT-D:\ lS CALICO 

s ub s y s t em . Each time the r.1IT-Dt·~S FIP-user or F'TPv s e r ve r p r og r arn 

in the CALICO subsystem is used to transfer files (and data) via 

the A.RPANEI, it records in a l oc a l disk file the f o l l ow I ng 

transfer parameters: th e r e.no t e Host l nvo l ve d , the date and time 

the transfer is initiated, the total number of bits transferree d, 

the real time taken (in seconds) for the transfer, the CPU time 

(in micro-secon ds) used by the program, whether the pro~ram is 

the server or user, and the FIP rarameter settings for byte size 
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(BYTE), representation type (TYPE), transfer mode ( f.10DE), and the 

file structure (STRLJ), Programs exist in CALICO to d l s p l a y an di 

summar ~ze this data. 

It should be noted that no measurements are recorded when 

the non-CALICO FTP-user and FTP-server pro~rams are used for 

transferring files. Therefore it should be pointed out that the 

measure~ent represent s a small subset of our total FTP-u sage. 

The CAL I CO FT P- s e r v e r \"1 asopera ted 0 n 1y til 1 nay 1 973, when we 

switched to the non-CALICO FTP-server. , (The switch was made 

becausp CALICO still undergoing developme~t is somewhat less 

reliable. As CALICO stabilizes vre r ~ :ay again operate the CALICO 

server and continue measurin g data transfer.) In nd d l t l on many 

users prefer to use the simpler (involving fe~er system 

resources) stan~~alone FTP-user progra~. The measurement does 

incl~de the data transferred when FTP is used indlrectly by such 

commands as "copy", "print", "l istf", and "ma l l.file" in the 

CALICO NETtJRK s u b s v s t ern , 

II I. THE I ·\E /\SURU·~E NT RESULTS 

The mea s u r erne n t facil l t y has been operational' (though not 

continuously) since 25 February 1973. It has recorded the 

transfer of 304 files consisting of 57.6 mill ion bits. Over SO % 

of the bits transferred (but only 75;~ of the f l l e s Ju s e d the mere 

efficient l~age-3G stream mode (TYPE I, BYTE 3G, MODE S) of 

transfer. The r er.ia l n d e r of the files v.e r e t r an s f e r r e d u s i n g t he 
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ASCII-8 s t r e an mo d e (TYPE A, BYTE 8, nODE S). It should be noted 

t hat cv enth0 ugh b 10 c k r.10 d '2 'J a ,s a \I ail a b 1e , i t \Va s neve r u sed b y 

our users (pri marily beca~se ma n y FTP-servers do not implement 

it, and it is less eff icient to use) . All the files had a 

se~uential ncn-recor ~ file structure (STRU F). A summary of the 

me a s u r erne n t results is s hown in Table II. 

TABLE I I 

sur·1Hfl.RY 0 F [1 p r·1EASu pIL.ElJI BFSULIS 

~ubset o.f.......Q..a.t Jl F i 1e.s, LJ2Lt..s.. A::L~..e Speed CPU-use" 
'·1b its Kbits ~: DP s sec n Ib 

Tot2l 304 57.6 18~ 7.56 4 

Image 3G mode 223 53.G 240 9.35 3 

ASCII-8 r.io d e 81 4.0 [~ 9 2.09 19 

Se rve r sending 62 3.8 61 7.50 2 

Se rve r receiving 110 19.8 180 7.44 1 

Use r receiving 83 22. S 276 7.92 6 

User sending 49 11.1 225 7.09 4 

The entire display of the measure~ent data and the summaries 

shown in Table II are generated by the "PFTPSI" (Print FTP 

STatistics) p r o g r ar.: in the CALICO s u b s y s t em , A s a.np l e o f the 

data displayed is s hov.n in Table III. The BPS (bits c e r s econ d ) 

and the ~/B (CPU microseconds per bit or CPU seconds p~r ~2gabit ) 

l n f o rr .ia t l cn i~. calculated by the d l s o l a y l n g p r o g r am , The l a r g e s t 

file transferred "las 5.Li 3 r'.~bits, a "STOI1" L: y the FTP-user to t·lIT-

AI. The t r an s f e r took 10 ml n u t e s of real t l rne for a transfer 
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rate of a 1 i:tle over 10 Kbps. The highest data transfer tate 

r e co r de d was 27.8 Kbps , a "RETR" from B3r~-TENEXJ\ to ~1IT-DnS CTP

s e r ve r . The 1en g t h IJ f the f i 1e inti-: e e bI) veea s e \'Ia s 28 !<.bit s . 

Needless to say that both of the ~bQve transfers used the more 

efficien t !m3ge-3 G ~o d e for tr2nsfer. The sm~llest file 2nd the 

smallest t r an sml s s i on rate recorded was an 80 bit lnLFL" to ~1IT-

ML (using ASCII-8) vzh l c h took 7 second s real t l r..e for 11 bps 

t r an s f e r r a t e , 

Tld3LE ! ! ; 

. SA! IPI E DISPI.AY OF FTP ':1J: ASUR E~ i r f-! '; nAT;. 

- il- ---};OST--- CO~: ; \1 --QAT[-- --LUJl>- --8ITS-- -BPS-	 ~ .1/ :3 T BY PR;l'-	 
" sri-arc STOH 73/08/0J 12 : 19 : 1,9 121392 1395 21 I 36 UI..
 

n
193 1" ': i t - :~11 STO R 73/ L'8/J.5 15:00: 3 (1 5i; GG8 533 C II I 3G '\ .' , 

19;-: ii i i t -~Ill RETR 73/0'2/15 1) : 'J1 : 1/;. 51G88 1U137 12 r 3G U 
1""_u r i l t -ri l STOR. 73/ i:8/15 15: ~J2:33 25545G 3003 7 I 3G U 
19B Mit - .:! 1 R':TR 73/0 8/15 15 :03:53 ~53()~~8 :JGnl 12 I 3[; ,. U 
131~ iii i t - a l STO R 73/ '18/15 15:13:17 28G720 13~ S 2S A U" l , 

13~ :-:lit-ai RETf{ 73/0 3/15 15:13:39 2580~G 9557 14 I 3r..... U 
13 1r j',j i t - ('\ i STO R 73/ ') I) / 15 15:19:42 2580 43 G9 71. 7 I 3G IJ ,.,,.,2 sri-arc RETi : 73/0;:/15 15:31: 20 723 G 3613 I 36 I i "-I.. 

2 sri-arc STO~ 73/U8/1?J l5:32:S5 49428 223 :3 31 I 3G 'J 
2 sri - a I-C RETI< 73/0 8/15 15:34:5( ~9~28 3530 15 I 35 U 

(I2 s r l e a r c STOR 73/C8/15 15 : 3 :3: 0 ~ 4942 t: 70l.:1	 o I 36 U 
n ' ,2 s r l-i s r c ST(lR 73/ 'J 8 t : 0 15:1 13: 2C 35460 23 Gl~ I 3G .J:J 

2 srT":"arc RETF~ 73/ (1 8/2 0 1G :nr:1~ 5333~ '! 25 153 A 8 U 
n2 sri - ~l r r; ~F;T~ 73/J [,/2 2 1 2 : [~E : 10 1C512 ICE 2~7 A o lJ 

2 S j- i - C! r c RE Tf~ 73/G8/'l.3 1:3:29:37 320 6 !~ 3G9 A 8 .J 
2 S I" ; - arc REr~ 73,1 of:. /7.. !; 12:~5 :38 9~92 262 254 A '-' 

r- U 
2 s r l v n r c RE 'n: 73/08/2 4 12:27:~6 99~2 IrS 4 2::o A 8 U 

198 rn i t - !':11 STOR 73/0~/?9 10:40:58 7G3'J~4 7538 7 ( 3G U 
198 mi t - nl ST8~ 73/0 x./2~ 1,): 44:Cl~ 166572 5552 7 I 3G U 
193 r,i i t - rl 1 STCR 73/08/29 1(' : 5 ! ~ : 3 ~ lZ~57 '? 7932 7 I 3G U 
193 r-l i t - r'11 STOR 73/08/ 29 13 : 1~ s : ~ g 15(;040 J.215G 7 3G U 

0(;9 bbn - t e r. (-.:.: a ~·i L r I- 73/0'2/29 22:30:5 5 5GOO :!.3CG 51 A u lJ 
rvGS b bn r t e n ex a t1L r: L 73/,'} 8/'2CJ 2'2 : 3 :' : 11 2 5600 2nGO 5 0 A 0 1.' .,8G us=-i:.i /1 LFL 73/0 f!./ 2C1 22:3:;:55 5GOO 11~0 0 :.: l: A o U 
c??~r..'~69 bbn-tp'r1cxa I;U=L 73/08/2'] ,,- .., v • 5000 28JO lIS A U u.... .J..J 
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69 bbn-tenexa ~LFL 73/08/29 22:3G:54 5 600 2 ·3 a0 l~ ~ A 3 U 

It s hcu l d be po l n t e d out that r e c e n t rje a s u r erne n t data fr);

A~~,'l ' - 8 t r an -ife r l n c l ud e s re t r I e v a l of "1J~C .Jou r n a l " dc c u m e n t s 

( II <:< j 0 urn c 1>;( x x x .( . ;1 1s ; ;.:n 1 s II f 11e:.) f r o m SRI - t\ RC• SRI-ARC 

conv o rt s these "xn l s " files fro m :n.S to s e que n t l a l form en thp. 

"f t v" and this t a '<e s cors i de r ab l e time Giving;'1 l ow t r an s f e r r a te 

for t~ese transfers. 

I n t r 3 nsf e r r i r. rr f i 1E S \V(~ f 0 u n j t!l ~ ARPfl. I j [T and the FT o to Ct: 

quite r e l l a b l e . On n~Merous occasions ~e·tran5ferrei cOMplete 

1 l s t l n g of o u r o pe r a t l n g s y ..:.te:-n (about G rn l l l ion bits), 

r e e s s er.ib l e d it and ran it w l t h no p r cb l e m. 

1\ '
I • 

First (If a l l h~t 1'18 s t a t e ny ccrr p l e t e a g r e er.e n t w l t h Ca rry 

\lessler (Ref. "REvelaticns in ~·let\,ork Host t~easurer.~ents" mIG/RFC 

557, ,·ne 18457) that tr,,~ !·1 F.2S '.lren,er.t r c s u l ts s h.u l d be t e ke n in 

the 5pir!t: " Her e j s c. p 1 u c etc f1 r] ke t h e t·J e t ':10 r k bet t c r II r c. the r 

than: 

r.ie a s u r erne n t s in t he s·an:= spirit and hE.\I'2 found the rn s as c r en .en c 

~ff~rt to be quite fruitful. ! n s E.: v (-= r ali r:.; t an c S 5, w i t h the c i c 

of our me a s u r e .ae n t facil ities, vie h av e ~~en able to lr.tp r ov e the 

(just as ~on A'l l e n at I1Bi: i rnp r ove d G:-et; Hicks' RJS p r-og r arn ) , 
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FTP moa s u r s me n t s (~.2 cp...! sec(lnds/t1b f o r 3-bit byte an d 2 CPU 

seco~ !ds/i. \ '-' fer 3G-b ;t b v t e t r an s f o r s ) . H~ also find the 3G-bit 

by t e t ran s f e (' to be a nor d e r - 0 f - r:I ,S En i t u d e ri1 ere f:: -;- f i c i en t t h <:I n 3·

bit byt e trans fer. The ~rccEssing C0st (assuming $6.00 per CPU 

m l nu t e ) for t r a n s f e r r l n g a "'~e dbit o f l n f o rma t l on cc .ne s to a bo u t 

$1.90 for ASCII-8 mode C1S con.p a r e d t o on l v $8.3,) For Im;;gte::--3G 

mo. le • T h t ~ J iffere n c e i n t r 2 n 5 .( erra t.e i seq L! a 1 1:; a s t C> U n d 1n ~ 

be i n g ~1. L~ . !( ;) P S f or Il:1r:ge-3G as c o rnpa red to en 1y 2 l~b;1S for ASC li 

8 . 

It I::. therefore r e c orme n de d t ha t 1'~age-36 rue-de be used 3::; 

rn.ict. a s possible: to t r ar.s f e r data be t we sn PDP-In s (of wh l c h t b e r e 

c3 r e rn ;~H1 Y :):l t ~ e I· f\ Pt.r I ~ T) • I tis s t r on x 1Y IJ r r;2 c.! t h a t P!' 0 toe Q 1 s 

and prOBra~ 5 ~llo~ (and ~se) the I na~e-3G mo de for all data 

t ran -:; f c: r :; inc 1 lJ din B: rna i 1 i r: f, f i 1 i~ s (t,1 L F l ), 1 i s tin g d ire c tor i e s 

(LIST, fJlST), Cln~ s en d l r.g z r e t r l e vl ng ~~IC do u r n a l do cume n t s . Many 

of the l·iIT- DHS U::;'~I' rH 0 c;r ,:li :15 such as ." COPy " and "FTp l l take 

ad'lanta~e of th e fact th ;;1t t ::e remote Host is a PD?-lD (there is 

a t ab l e of PDP-lOIs : n "CUFY") and l ise the mete e f f l c l e n t Image

36m0 de. S u c h .3 P rae e d u rei s :, i g h 1y r e ccrrr-i=n de J . 

Tbr- e f f e c t l v c It·;P-ll :P data t r a n s f o r r a t e is a bo u t 37.5 Kbp s 

over the 5J Kbps telephone line (Ref. j"cQuillCin ,;c; !:n 1:1 . , 

"Th r c ug l.p u t in the Ar\PA t·!f:t\·Jc-;",k-·-AnCllvsis and i'~eas ure :r.en~," 8Sr,! 

Report 21~9J., r:lc 14182, January 197 :). TII:~ Hos t v t o-J to sc dat e. 

tran~fer ~easureG .ent perfor~ed by PPN <above r~fere~ceJ p. 28) 

h av e i r d l c a t s d a r r an s f e r r a t e c f 30-35 k b p s s r.~: - t · o - j r. 1 l (J II·iP 
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hop s ) an J 1 2- 1 G :(b f) s nct-l- t G - Sr..I {5 hop s ) u sin g sin g 1eli n k • A s 

FTPtri'1n~fer ;; c.a t a via a s l r g l e 1 l n k , a rnax lrnum transfer rate 

e xpe c t c d if that file transfer i s the o n ly ac t l v i t v going on. In 

this l l g h t o u r rra;.~i r; l l li:' t r an s f e : r a t e of 27 Kb ps to er N ( 2 hops) 

is probably the ~ost one can expect out of nny prcer2ffi. The 

average t r an s f a r rate of 9.4 Kbps (for 1t1::l.?;e-36) t r cn s f e r a l s o 

appe a r s r e as on s b l e in v l ow o f t he [(';ICt: t h e t du r l n g i1an:.' of the 

t rail s f e r sot her net \.0 r k ;:c t 1v i t y i 5 a 150 GO i n P; () n, and t hat I~ ian v 

of t he t r an s f e r s al"~ pe r f o r r.ie d \'Jh ·.~n t h e respective comp u t e r 

s y s t ems ate qu i t e he e v l ~ y l o ad ed , Ou r me a su r e mon t data CC02S 

r e ve a l that t r an s f e r rate is a p p r e c l e b l y higher c'u r l n g the tines 

a ccrnp u t e r l s likely to be l Lg h t l y l o a ded . 

The above dce s not me an that l mp r ov eme n t s are r.o t po s s l b l e 

or not r eq u I re d l n the state of t he ARPANET data t r en s f e r . Our 

raee su r c men t da t a ha s r e v e a l ed a r c a s In wh l c h I mp r cv e.ue n t s c an be 

and should be ~ a ~ e . Fe r ex cmrle, the ti2nsfer sf data to o th er 

I-1IT Hosts (J II·iP hops) and Ll3Ck '': 0 ou r s e l v e s should be faster 

t han \"hat \.. e cur r e:1 t 1y a chi so v e (~r a n ~. fer toP, 8 ~! :~; f 2 S t Po 1- ! ). The 

p r o be b l e r eason for the abov e d l s c r e pe nc v l s t h a t our a l l o c a t l oni 

(Ho s t l lo s t protocol) is ver v sr.ia l l (29 44 bits) a s cor.ip a r e d tor 

that provi~eJ b~ BB N (17724 bits). This me ~ n s that t~ transf~r 

data our l.c tv.o r k Con t r o l Pr o g r am O!CP) ha s to wa i t f o r an 

a l l o ce t I on r. ian y r.io r e t l n.e s \'/h112 c omr-un l c a t l n g to an ITS s y s t e .n 

than to a TENEX system. Lar~e allocEt!ons are al wajs desi~abl e 
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but even mo r e so while transferring fil~s. N8P d25i3n~rs can 

( and s h 0 u 1d) m0 d i f y rJCpiS t a all 0 \"1 1 a r ~ e all 0 cat e s (l a r g e r ~ CP 

" , ...buffers) for file tr 2nsfer Even · ~ t the e x pe n se - -: fila 11e r 

a l l o c a t e s for other type:.of c onn e c t l on s (=:uch 2 :; a t e rm i n a l 

connected to a cor.ipu t c r s y s t em) v.h i c h do not require o r u.se the 

1a r L e r a ! 10 cat i o n . In addition, a new allocate should be sent as 

soon as da ta is read by the receiving p r o g r a-n (the l-!CP s ho u l d not 

wait for th~ a l l o c a t i o n to become zero before sending the new 

allocate) . 

Ii<'l al SCi observed t h a t sma l l f i 1E~S · are transferred at a 

significantly l owe r transfer rate than l a r g e files but b e von d a 

file size cf 40 Kbits, the file size rno k e s 1 l t t t e difference in 

· t r ~ n s f ~ r rate or proccs~ !ng cost per bit transferrcd. The fi~ure 

of 40 Kb)ts is probably related to the size of sendi~~ and 

receivlng buffers used by the programs. In general, for mo~t 

practical values of buffer size, the 12rger the buffer ~ize and 

all 0 c at ion s , i: he fa s t P. ran d mo r e e f f i c i en t \'1 ill bet he t ran 5 f er. 

Un f o r t un a t e l v , large: I,JCP buffers are not easily av a l l ab l e in man y 

s v s t cr.is an d co me at a p r ern l ura , The l n f c rrna t l on on av e r a g e file 

s l z e (240 Kb l t s f c r l rna ge and 110 Kb l t s for ASCII fl 'l e s ) lila/, be 

helpful in o p t l murn e l l oc a t l cn cf buffer space. 

V. REQUEST FOR cc r-:r·1E LU S AriD SUr.G;: ST lOPS 

It Is hoped :hat the above ~e a s u r e me n t results and our FTP 

e n d SUq, V['{ f:,E (1 ~, u r e !'1C n t fa c i lit i '2: ~ \ '1 i ~ 1 hc 1pAR PA r:ET use r s p l a n 
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thei r modes of rlet\'!ork usage an d hel p lle tvro r k p r c g r arirne r s in 

making the r:et\ /ork better. This RFC is indeed a Recue s t Fer 

Commcn t s an d your s ug g e s t ions o n the \Jay \'Ie call ect, store, and 

display ~casure~ent data wi'l be greatly appreclaterl. We can 

b r e e k the ri e a s u r er-ten t da t a by Hosts and w l 11 b s happy t c p r o v ide 

the l n f o r r.ia t l on if it l s co n s l c e r e d cle s l r ab l e . P'l c a s e let me 

know ~hat other parameters we shoul d record or display. You may 

cornrn L n l c a t e \,I i t h r.l e 'i i a ': heAR PAr ~ ET ( A K.r. a t ~·1 I T- Dt.iS ( H0 5 t 7 ~ ) , 

rJIC l d e n t AKB), via telephone (G17-2'53-1t~28 or 1449), or US ria l l 

(r-r,l, 2 0 g, 5 li 5 T(~ c h Sq OJ <H e , C.3rn b r i d g e, ~ iass 0 21 3 9 ) . 


