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Off-line records are identified through smallest 
identifying prefixes: 

Example: 

Full keys Rear Compression 

Martha (on-line) 

Martin 

Mary 

lVIatthe"\v 

Marti 
~ 

Mary -.-. 
Mat 

Mavis (on-line) 

Front Co1npression 

4, i 

3,y 

2, t 

What is the average prefix length? 

1111
• in 2 ~ 1.44 characters [Knuth, vol. 3] 

11 11
• Prefix + 1 Byte Offset+ 2 Bytes Vol.No < 5 Bytes 

Requires that file on V ol. 0 is in sorted order 

1111
• Inverted Prefix B„Tree [cf. BLyer/Unterauer 1977] 



AAAA, .. . 
La, 2 
Len,3 

Leonard, ... 
Lew, 1 

Linda, ... 
Lo,4 
Lu, 2 
Marg, 3 

Maria, „. 
Mark, 2 

Louis , .„ 
_Michael, .. 

Vol. 4 (on-line) 

Holt"~~ u 

Martha, .. . 
Martin, .. . 

Mary, 1 
Mat, 3 

Mavis, ... 
A1 ~e, 1 
~ M'ic, 4 

Miles, ... 
Mona, 3 
Moni, 3 

Vol. O (magnetic disk) 

Lena, ... 
Margaret, .. . 
Matthe'.N, .. . 
Mona, ... 
Monica, ... 
Olaf, .„ 

Val. 3 (off-line) 

Lance, .. . 
Luke, .. . 
Mark, .. . 
Neil, .. . 
Nigel, .. . 
Owen, .. . 

Vol. 2 ( off-line) 

orm, 1 
Ola, 3 

liver, ... 
Os, 1 
Ow, 2 

N rJ.t" q „ ~ 

Lewis, .. . 
Mary , .. . 
Melissa, .. . 
Morris, .. . 
Norman, ... 
Oscar, „. 

Vol. 1 (off-line) 



Classical Solution 

File Reorganization, Tin1e Sta111ps, Tape Archives: 

• time consu111ing 

• error prone 

• no direct access 
. 

• expensive 

1111„ not practical 

New Solution: 
1111• auto111ated 111igration of passive records (flies) into an 

archive with direct access, possibly on optical disks, 
using LR U replace111ent 

off-line 



Proble1n: 

Records or flies are added to a file system at a constant rate, but 
only a constant size subset is active. On the other band, passive 
records cannot be deleted because they cannot be identified or 
because of legal restraints. 

a 

Systen1 in steady state: ß = a + y 

Systern practical if y << a 

Exa1nples: 

• Text Processing 

• Engineering 

• Accounting 

• Medical Records 

• Progra1n Developrnent 





Retrieve record rK with key /( 

(a) K is key of active record: done 

(b) K 1natches prefix 

(ba) still on-line: look in partially filled volume 

(bb) off-line: fetch volun1e and insert in drive, move rK 
to vol. 0, split prefix list, retire other record, merge 
prefix list 

(c) no 1natch on K: record not in file! 

Insert record rK 

(d) K is key of active record: error! 

(e) l( matches a prefix: fetch off-line volu1ne, check record 
there, if unequal adjust prefix eise error. 

(f) no n1atch on K: insert in vol. 0 without adjustments 

Delete record rK 

••• 

. 
Off-Iine volumes can be write protected 
or write-once (WORM) optical disks!! 



·-
( 1 ) Standard 

1 U 1 V 1 W 1 X 1 y 1 z 1 

uv : volume number, uv = O implies long volume number 
w : offset into key, w = 255 implies long offset 
xyz : prefix of length ~ 3, z = FF implies prefix continued, y or z = NUL impiies end of key 

(2) Leng Prefix, Extra Long Prefix, ... 

1 u 1 v 1 w 1 a1 1 a2 1 FF 1 1 a3 1 a4 1 as as 1 a1 1 as 1 

uv, w as in (1) 
a1 ... aa prefix of length ~ 8, as = FF implies extra long prefix, any of Cl4 to aa = NUL implies 
end of key 

(3) Long Offset, Extra Long Offset, ... , Long Volume NumJer, ::xtra Long Volume Number, 

1 u 1 v 1 w 1 a1 a2 1 a3 1 1 x r 1 z1 J z2 1 z3 1 z4 1 

uv as in (1 ), uv = 0 implies long volume numJer 
was in (1), w = 255 im~lies long offset 
a 1 a2a3 as in (1) and (2) 
xy : long offset, xy = O implies extra long offset 
z1z2z3z4 : long volume number, 0 implies ext re- long volume num~er 
long prefix follows 2nd se>-.1et r7 necessary 

~ 

1 



Performance: Exan1ple 1 

Assu1ne 16 MB hard disk, 2 l(B records, 8 Byte prefix on the 
average, 1 MB floppy (= 512 records per off-line volume) 

min years on-line 

4096 8y 
records 4y 
on-line= 2y 
1/2 volume 1 y 
= 8 MB 6m 

3m 
6w 

6144 12 y 
records 6y 
on-line= 3y 
3/4 volume 18 m 
= 12 MB 9m 

4.5m 
2.25 m 

7168 14 y 
records 7y 
on-line= 3 .5~ , 
7/8 volurne 21 m 
= 14 MB 10.5 m 

5.25 m 
2.62 m 

TABLE II 

Insert. per workday mlgratlon 
starts after 

2 8y 
4 4y 

ao 2y 
16 1 y 
32 6m 
64 3m 
128 6w 

2 4y 
4 2y 

a:::> 1 y 
16 6m 
32 3m 
64 6w 
128 3w 

2 1 y 
4 6m 

CD 3 llf ..t-
16 sw 
32 3w 
64 1.5 w 
128 3.5 days 

vol. O exhausted 
atter years 

2048 
1024 
512 
256 
128 
64 
32 

1024 
512 
256 
128 
64 
32 
16 

512 
256 
128 
64 
32 
16 
8 



Perf orn1ance: Exan1ple 2 - Medical Practice 

Assun1e 16 MB hard disk, 1 MB off-Iine volu111es, 2 KB records, 
4 new patients per workday (a = 1024), 20.000 visits per year, 
Zipf distribution for visits (pi = c/i with c = 1/Hn) 

1111
• How offen does the receptionist have to reach 

into the shelf? 

• at 111ost 7 tin1es per workday after 10 years 

• at most 13 times per workday after 20 years 

• at most 15 times per workday after 30 years 

always including the 4 accesses for the insertions! 

TABLE III 

years after 
start-up 

file size off-line accesses per year due to l: p1 (1 < 7168) 
retrieval Insertion 

0-8 8192 0 0 1 
9 9216 550.6 1024 0.972 
10 10240 772.5 1024 0.961 
11 11264 968.9 1024 0.952 

20 20480 2115.0 1024 0.894 

30 30720 2816.8 1024 0.859 

512 · 524288 6518.5 1024 0.674 

- -



Status 

System is operational as stand-alone application 
optical disks not yet included 

Plans 

Provide application interface for C-programs under UNIX 
Provide retirement per file (not per record) basis 

Experience 

Syste1n is designed to run "forever" - have you ever written soft­
'vare routines which you know for sure will not be invoked long 
after you will be deacl? · 




