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Chapter I

INTRODUCTION

This document describes the use, evolution,

construction of an electronic device callecl a

design,

sieve.

anci

The

device is a tool used

linear congruences.

operations per second,

the determination of

theory to solve sets of

performs 133 mi1,[1onThe sieve

whether an

This speed is not

no constraints

for the sieve.

the sieve as

in number

where one operation is defined to be

satisf Íes al L

on any von

integer

attaÍnab1econgruences.

Neumann style computer currently known to

There v/ere

the autho r.

the medium ofupon

Asainplementaiion

f irmwa re , and

fu1fi11ed the

describe the

should regard

Since the

software \^/ere created in a

result, har<lrvare,

configuration that

it is necessary todesign goa1s. Although

sieve from several perspectives,

a unifÍed system.

not have extensive

the reader

of the sieve

training in

will not benumber theory, the

explored in depth.

provide ínformation

síeve system.

applications

It is the

author does

to the users and

of this document to

maintainers of the

intent

1



Let rl,

pairs. I^/e specify

as f ol1ows:

Chapter II

THE SIEVE PROBLEM

be integers

permissible

) l, and relatively prime

residues for each modulus

m *k
2

m

1n

There is

5*13*31 =

If rhe

I

X = r. (mod mrJ
i = l,

j = l,

)
L)

example

X=4
X=8

X = 2I

only one

2015.

first k prime numbers are used as modul i , and \{e

except

problem

for zero (i.e. n.
1

i)
k

n.(m.
I1

2

The problem ís to find a value for X that satisfies all

congruences simultaneously; further, X must be within a

certain range, say A < X < B.

There are three classes of sieve problems. If ni = I for

all i ( i.e. r^/e specif y only one residue f or each modulus) ,

then X can

( cRT) . An

be determined using the Chinese Remainder Theorem

of this type of problem is:

(mod 5)

(mod 13)

(mod 31)

solution in the range given by A 0 B

specify all permissÍb1e residues

m,-1 and r., = j), the resulting1 rJ

2

is the famous Sieve



of Eratosthenes. Each X found cannot

3

divÍde any of the m..

greater than A =6,

B will be prime. An

Thus, if

then all

m
k

is the largest prime not

solutions in the

example.of a prime-f inding

X= I

X = Ir2

X = I,21314

Y=1)'1,1!5 t 'r",

range A to

sieve is:

(mod 2)

(mod 3 )

(mod 5 )

6 (mod 7)

This sieve produces all the primes betvreen l0 an<1 t 00.

If roughly half of the residues are specified for each

modulus (i.e. ri is approximately n. /2), then the problem is

ca11ed a quadratic-type sieve. The name is well-chosen,

since this situation arises when investigating second degree

Diophantine equations and quadratic residues. An arbitrary

X will have a I in 2 chance of satisfying a particular

congruence. Ilence, X will have a 1 in 2k chance of

satisfyÍng all k congruences. The number of solutions

expected is therefore (B-A) /Zk. The following exemplifies a

quadratic-type sieve:

X

X = I,4 (mod 5)

X = I12r4 (rnod 7)

Even a large computer becomes overwhelmed wlren attempting

to enumerate all combinations of congruences in a

quadratic-type sieve. Such a sieve with k moduli represents

approximately rlor2o *m. /2k
ñ

s ieve problems that can be
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solved using the CRT. Typical quadratic-type sieves use fhe

first 35 prime numbers as moduli; this Ís the equivalent of

4*I046 CRT problems! Since a range is imposed on the

solutioas, Ít is necessary to solve all CRT problems, and

check each result for inclusíon in the range.

An alternative approach is Ëo search sequentially the

numbers in the specified range for solutions. This

technique is acceptable as long as the search can proceed

quickly. Unfortunately¡ general-pl.rrpose computers must

serially apply the congruences Ëo each number, and each

congruence may require several machine ins tructions. Tn the

next chapter, it will be shown how specÍa1-purpose hardware

a11ows all congruences to be tested simultaneously.



Chaprer III

THE SIEVE DEVICE MODEL

D. H. Lehmer \4Tas the first to employ custom hardware for

solving the sieve problem. The connect ion between the

concept of a modulus and the physical world was

straightforward. rf a closed loop or ring is divided into Tn

discrete sections, the ring can represent

Af ter choos ing which section of the ring

the rnodulus m.

will represent

those sections

a given sieve

each rnodulus.

ring that shows

res idue 0, vre proceed to distinguish

permissible residues in

will be constructed for

maÍntain a window on each

section at a time.

corresponding to

problem.

Fina11y,

only one

The

follows:

A ring

\¡re will

algorithm for running the sieve problern is as

1. setup each ring so that the residue 0 section is in

Èhe window.

2. Check if all sections in the windows are

distinguished. If so, v¡e have a solution.

3. Shift all rings by one section.

4. Repeat from step 2.

LIhen a solution is found, its value is the number of times

that step 3 has been performed.

5
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For the sake of speed, it is

windows inspected símultaneously,

simultaneously. Table I lists the

been co4structed by Lehmer.

sieve devices that have

TRIALS/SEC REFERENCI]S

60 r ,7

5000

desirable

and all

to have all

rings shifted

TABLE I

Lehmer's Sieves

r932

DATE DESCRIPTION

19 26 bi cyc 1e chains

gears with pho to-elect ric
solution detector

1936 I 6-mm film

r9 46 sieves on general-purpose
computers

ENIAC

S I^lA C

IBM 7094

ILLÏAC IV

1960's delay line

100,000

3, ooo, ooo

1,000,000 617

z r') ) I

7

7

7

4

7

r97 5 electronic shift register 16,000,000

memory-driven
microcomputer-based
(under development)

7

?r9 82
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It might appear that the speed of a sieve device is

limi ted s trict 1y by the rate at which the rings can be

shifted. However, using an idea suggested in [5], it is

possible' to test more than one number per ring shift. In a

ring of length m, one can get the effect of s shifts in one

shift time by loading the ring with residues in the order 0,

s, 2*s, 3*s, (mod m). In order for all residues to be

contained in the sequence, m and s must be relatively prime.

A window is placed over resÍdues 0, l, 2, , s-1 (mod m).

iìence, we initially have the value of the f irst s resiclues

for each modulus. After one left shift of the ring,

residues s, s*I, s*2, , 2s-l (mod m) appear in the

windohTs. Thus, we are checking for solutions s numbers per

shift time.



Chapter IV

DESCRIPTION AND JUSTIFICATION OF THE DESIGN

0rigina11y, it r,ras planned to simply reconstruct the r975

Berkeley electronic sÍeve, using a pDp rl/03 microcompurer

system as the user interface. Later, it was considered

desirable to have a communications path between the ll/03

and a PDPLr/ 45 minicomputer system. This would províde

access to a variety of I/ 0 peripherals, more secondary

storage, and remote login. The final configuration omits

the rr/03 entirely; the sieve is a direct peripheral of the

rr / 45. The sÍeve has its ov/n microprogrammed control unit,
and may be thought of as an

The above evolution is a

of the sieve. Some of the

the \^/ays of achieving them

sieve must be

months at a Èime.

array processor.

consequence of the requirements

more irnportant objectÍves and

are as follows:

1. The

2

should noË require human intervention.

automatically reboots when pov/er resumes.

initializatíon signal causes the sieve

enter a povrer-up sequence.

A user-friendly environment is required.

not assumed to be a programmer, or to

capable of running

In particular,

unattended for

poTirer failures

The PDPII/45

The UNIBUS

microcode to

The

be

user ].s

I

familiar
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hrlth the hos t operaÈlng sys tem. The user s lmply

deals with a lrorkspace of actf ve problems. Cornpleted

problems are automatfcally archived ln order to keep

the workspace uncluttered. The PDPt I/ 45 UNIX system

facllitaÈes provfdlng the deslred envlronment.

3. Addf tlonal tests nay have Èo be performed by the host

computer on solutlons detected by the sieve. For

example, a user roight wlsh to use moduli that are not

turplemented ln the sieve hardware. This vras the

origlnal motLvatfon for lncludfng the PDPI I/03 ln rhe

sieve system archftecture. It was feared that the

PDPI I/ 45 system could not provlde the response

requlred to keep the s Leve from walt ing . Increas lng

the prlorl ty of the s f.eve proces s would be

unacceptable to the other users of the IL/ 45. As it

turns out, most sleve problerns do not require a great

deal of software tes tf.ng. In addttlon, the superlor

speed of the II/ 45 over the I 1/03 more than offsers

the fact that the lI/ 45 fs nor dedfcated to servlclng

sfeve lnterrupts.

4. The sf.eve system must be rellable. The floppy

dtsk-based PDPI I / 03 has a greater ltkelthood of f/ O

errors, and does not perform parlty checking on

memory reads. The PDPI I/ 45 sys tem has an order of

magnltude greater Mean Tlrne BeËween Fallure than the

t l/03 systern, even though the lI / 45 system ls more
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complex. As wel1, the UNIX operating systern has an

excellent record for robustness.

Versatllity ls deerned the most lmportant âttribute of the

síeve. ' Even speed is subordinate to this goaI, although a

minimum speed of 100 mí11ion trials per second r^7as enforced

durfng the design. Examples of some of the tradeoffs are:

1. rt vias known in advance that sone problerns would

requlre noduli other than those implemented in

hardwa re . As a resul t , a convenient and minimun

number of hardware modulf was used.

2. Solution counting cannot proceed at fu11 sieve

hardvrare speeds, since the pDpII/45 is interrupted

for each solution. Atthough Ít would have been

possible to ínclude solution counters in the sÍeve

hardware, the problerns that required software modul i

could not exploit the solution counters. Eíght

solution counters would be necessary one for each

solutÍon detector. The added hardvrare complexity

could not be justified.

3. The hardware clock counter has a 100 day period.

0verflows are remembered ln software.

4. The sieve can operate aE a cycle time of 50 os, but a

ring bit will f1íp on the average of once per day. A

60 ns cycle time r,ras chosen, with the result that a

ring bit flips roughly once per month.
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The checkpointing performed by the sieve background process

not only records the sieve hardware state, but verifies Ít

as we11. Knowing the initial state of the rings, and horv

far the.counter has advanced, it is easy to predict the new

contents of the rings. This checking gives the user

confidence that the sieve hardware is perforrning properly.

In adclition, all sÍeve unit \^Jrites are immediately verif iecl

by a read of the unit. Solutions generated by the sieve are

not verified by the sieve software, because this slrotrlci

rightfully be done by independent software. A1so, the extra

overhead would slow down the solution counting mocle even

more.

Table 2 indicates the division of functions bet\^reen the

sieve device and the host computer.

communication between

minimum. Solutions require

is to keep the

An overriding concern

the t\^/o uni ts to a

wrítes of m-bit rings are perfornìed i" [(m/I6)

and the first provides the

transfers.

only l¡

initial

16-bit data

interrupt.

trarisf ers,

Reads and

data
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TABLE 2

llost Computer / Sieve Peripheral Division of Labour

HOST RESPONSIBILITIES S IEVE RESPOI']S I]]ILITI I]S

user interface generate interrupts for
solutÍons,
counter overf low

integrity checks execute commands from hos t

initiate por¡¡er up sequence oPerate as a
slave to the
no real-time
upon it )

complete
host (irnpose
constraints

implement less commorl
modu1i

non-vo1ati1e data storage

implement mosL common
moduli



Chapter V

HARDI^IARE

rt \,ras decided not to thoroughly describe the sieve hardware

in this document, because of the size and nature of the

description. The board layouts, wiring lists, and baclcplane

layouts remain in the possession of the author, and are

cìecodable only by him.

However, some high-1eve1 hardware documentation is

provided. The integrated circuit and packaging technology

chosen will be summarized. Each major subsystern of the

sieve in'i11 be characteri-zed. A sample of the rvirelist

progran output is included in Appendix D. Fina1ly, the

design circuit diagrams and the interrupt system tirning

diagram are folded in a pocket inside the back cover.

5.I DESIGN OVERVIEI,l

The rings

recirculating

corresponding

their

49 for

1.

1

Po\,7erS.

defined in Chapter

registers.shift

in length to the

The f irst 4 rings

3 are implemented as

There are 32 of these,

first 32 pri.me numbers or

lrave length 64, Bl, 25, ari<l

t\^ro reas ons :

a ring must be at least 8 bits long

this accomodates common moduli, such as B

13
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Each one bit in a ring denotes â permissible resiclue. A

4B-bit counter keeps track of the number of tímes that the

rings have been shifted. There are B solution detectors

(i.e. B'numbers are tested per shift). A solution detector

is 1ogica11y a 32-input AND gate. The sieve hardware has a

cycle time of 60 DS, and Ís completely synchronous. Ilaximum

speed is therefore one trial every 6O/8 = 7.5 ns, or 133

million trÍals per second.

A design requi rement for the machine was that there be no

overrun of the rings when a solr_rtion is f ound. It is

undesirable to have to "back up" the rings, in order to

continue the search for solutions. Hence, the sieve has to
ttstop on a dimett, rather than ttcoast to a stoptr. The rough

equivalent of momentum in electronics is the time required

for signals to propagate through gates and wires. setup antl

hold times must be respected. Globa1 signals such as the

clock and interrupt lines have a large fanout, ancl require a

multi-1eve1 distribution tree. such trees inevitably

introduce skewing of the signals in different parts of the

machine. rn order to prevent overrun, the solution

detection logic has a l-1eve1 pipeline. The rings are

shifted every cyc1e, although it takes 2 cycles for a

solution to halt the machine. The ,,earch f or solut ions

continues by restartÍng the rings and the solution detection

pipeline in unison.
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5 .2 P}IYS TCAL CONSTRUCTION

The sieve consists of over 400 integrated circuits, packaged

on three high density \^rire\,irap boards. Advanced Schottky

and lowjpo\rer Schottky TTL are used exclusively. The 8-bit

serial-in para11e1-out shift registers are mÍlitary grade,

for enhanced reliability. Unfortunately, longer length

serial-out shift registers could not be used, because of the

distribution of the 8 wíndows in a ring. Including a 35 anp

power supply and cooling fans, the sÍeve device occupies

about 2 cubic feet.

Although the sieve is tightly packaged, some taps frorn

the rings to the solution detectors are longer than they

should be, and sígna1 relections occur. Those taps that

experience severe reflections have para11e1 resistor

termination at Èhe receiving end. This does noÈ e1Íminate

the problem,

( impedance

backplanes ).

Ripple in

because of impedance

is hard to control

mismatches along the

on wirewrap boards

taps

and

the pot,rer and ground distribution systems is a

problem, because of the large number of devices that are

clocked simultaneously. In order to

safe 1eve1, boards !rere chosen that

po\"/er and ground planes. There is at

decoupling capacítor per Íntegrated

dozen tantalum electrolytic decoupling

The por4Ter supply has approximately

capaci tance .

reduce this ripple to a

have nearly continuous

least one reramic disc

circuit, and several

capacitors per board.

0 .2 farad s of load



The wirewrap wire colour convention is as follows:

black : clock distribution

red : interrupt lines

bljue : taps from rings to solution detectors

white : all else

5.3 STEVE HARDI{ARE SUBSYSTEMS

5 .3 . I Control Uni t

The functions of this circuitry are described in Chapter 6

that the control unit is clocked

subsystems. The control unit

l6

independently from the

is on the top board of

Note

other

the rack.

5.3.2 Host Interface

The job of parallel-to-serial and

conversions is accomplished by 74I99's.

to control the number of shífts. Line

damp ing

Paralle1

f ide 1i ty

a1low for

serial-to-para11e1

A 74LSI61A Ís used

drivers and series

sent to the host.resistors are used for signals

resistor termination and line receivers improve the

of signals

a flat

received from the host. These measures

cable length of 25 feet from the host

computer to the sieve (this is the maximum length allowed by

the DEC DRI l-C para11el interface). All host interface

circuitry is on the top board of the rack.
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5 .3 .3 Count er

The 48-bit counter is implemented by r2 4-bit synchronous

bÍnary counters. The least significant counter is a 74sl6l,

while the remainder are 74LSl6lA's. counter overflow is

detected when the most significant counter asserts its

Terminal count output. The broadsÍde load and read

capability of these chÍps Ís exploited. For the purposes of

readÍng and writing, the counter is split up into 3

individually addressable I6-bít units. The counr-er

circuitry is on the top board of the rack.

5.3.4 Solution Detectors

A solution detector is implemented by three para11e1

13-input NAND gates, followed by an AOr gate. The resrrl,t

implements the AND function wÍth roughly a r2 ns propagation

de1ay. The output of the solution detectors is pipelined by

D-type flip-f1ops. All interrupË souïces are oRed together

Èo form a single interrupt 1ine. This sÍgna1 is then

distributed via a 1-1eve1 distribution tree to the AND gates

that drive the clock inputs of the rings and counter. The

other inputs to these AND gates are the clock 1ine, and unit

select 1ine. The solution detectors occupy the center

portÍon of the middle board Ín the rack.
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5.3.5 RÍngs

All rings are implemented using AllD 25LSl64Dlf's. All shift

registers in a ring share the same clock driver. A 2-input

0R gate'is spliced into a ring in order to write the rirrg.

The firs t ring is special in that for the purposes of

reading or writing, ít appears as a single 64-bit

recirculating shift register. However, it splits up into B

8-bit recirculating shift registers while the sieve is

searching for a solution. This transformation is

accomplished by the use of a 2-input multiplexer bet\,reen

adjacent shÍft registers. The first 8 rings are located on

the left side of the middle board. The next rz rings are

located on the right hand side of the middle board. The

remaining r2 rings occupy the enLire bottom board in the

rack.

5.3 .6 Clock System

The clock signal for the hos t interface, counter, solution

detection pipeline, and ríngs Ís generated by an A¡{D 2925.

Lrhile the sieve is searching for a solution, the crystal

frequency is used. During I/ O operations , the crystal

frequency is divided by I0, and the single step facility of

the 2925 is exploited. This 2925 is located on rhe mi<idre

board of the rack.



the rack. Basically,

2925 oseillator that

5.3.7 Rernote Control

A handheld remote control

t9

box connects to the backplane of

controls the operation of the AMD

one

the

is

the

ir

clocks the control unit. The control

unit may be reset or single stepped from

microinstruction to the next. A multiplexer defines

signals affecËed by the remote control box when it

disconnected. The sieve will be in a "runt' state when

remote control box is disconnected.



Chapter VI

F I R}IWARE

6. I MICROPROGRAMMING MODEL

Mfcroprogrammfng is the use of a programmed "englnet' to

control a larger machlne. A slrnple microengine

conflguratlon fs shown ln Figure l. The most lnportant uniE

ls the m word by n bit memory, whlch fs the source of the

control signals. The memory ls drlven by a sequencer that

slnply determlnes the next address to be lssued to the

memory. The next-address selecÈ lon defaults to the current

addres s + I (urodulo n) . Alternatlvely, the next address 1s

a functlon of addresslng lnformatlon ln the current memory

word r €xternal data slgnals, and addresses "remernbered" by

the sequencer. All of the conÈro1 varf.ations perrnltted on

von Neumann computers are usually avallable ln

microprogrammlng: seguential, uncondftlonal and conditlonal

jumps, subroutine calls and returns, bounded and unbounded

loops, and even multf-way branches (case statements ).

The ttplpellne reglstertt (Advanced Mlcro Devices'

termlnology) exLsts to al1ow the nlcroenglne Èo operate

fas ter. llithout fÈ , the cycle tlme would fnclude fhe access

tfne of the mlcroprogram memory. The plpellne reglster

holds the currenÈ mlcrol-nstruction, whlle the next

20
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OPCODE

OE

MAPP]NG
PROM

SEL

Iflrx

SEQUENCER

MAP
t,t,

I
PL

MICROPROGRAM

MEI'10RY

OE

PIPELTNE
REGISTER

CONTROL

SIGNALS

Figure l: Basic ìlicroengine Configuration



mlcrolnstructlon ls beÍng addressed in

access tfrne has been removed

22

the memory. Thus,

from the critfcalÈhe memory

path.

The 'use of

in a dÍgltal

microprogramrnlng to

machLne ls analagous

generate control slgnals

to Èhe use of structured

prograrnmíng to manage control flow in software. In both

cases, a slmple solutlon helps to solve a complex problern.

A sËructured approach to control has the followlng

advantages, in elther a hardware or softhrare envlronnent:

1. The chances of corning up with a close-to-error-free

des lgn are frnproved when fundamental cons trafnts are

lmposed upon control. Independently-designed modules

are more easlly lntegrated.

2. Debuggíng is easLer, because errors can be isolated.

Knowirrg that certaln modules cannot fnteract hetps to

narrow down the posstbllitles.

3. Flxes or enhancements can be made with more

conf Ídence thaÈ we wfll not corrupt something already

wo rking .

Thus¡ wê see that all phases of a hardware or software

from controls on control.project benef 1È
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6.2 SIEVE CONTROL UNIT

A schematfc of the sfeve control unlt ls glven fn the back

cover pocket. rt fs very sfmllar to the basic ¡nlcroengine

¡node1 prevf.ously descrtbed. The Arn2910 is a blpolar
mfcroprogram controller that can access up to 4K words of
microprogram. rt executes L6 dtfferent microprogran address

modiflcation Lnstructfons. The address provlded on the yi

outputs may come from the Di lnput pfns, the lnternal
reglster/counter, nicroprograu counter, or stack. Ffve

Ãn27s29 512x8 bipolar pROM's are arranged horizontally to
give an overall nfcroprogran memory slze of 5r2 40-bft
words. An2920 octal registers are used to lnplement the
pfpeline reglster. Ftnally, an An2922 octal multiplexer and

an Ar¡.2920 a11ows the Am2910 to fnterrogâte one of eight
values to determLne the outcome of condltlonal lnsÈructÍons.
All clocked chfps share the same I Mhz crock slgnal, which

1s produced by an An2925 system clock generator.
ït should be noted that the sf.eve control unlt runs

asynchronously wlth the res t of the machfne. The conErol
unit does not lnfluence the 6peed of the rlngs. rn fact,
the control unlt has a eycle tlme of 1000 DS r whereas the

ríngs have a cycle tlrne of 60 ns. I.lhile the sieve is
searchfng for a solution, the cont ro1 unit porls for
assertlon of the solutlon found slgnal, or for an

fnstructlon from the host computer. rf a solutfon occurs,
the rings and counter stop r.¡fthout assistance from the



control unlL.

t o decode and

Indeed, the control unit's

execute Lnstructfons from
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only functlons are

the host computer,

is detected.and to fnterrupt the host when a solutlon

6 .3 MICROINSTRUCTION FORMAT

Each mLcroinstructlon field wt11 be descrlbed ln the

following manner:

fteld rnnemonfc (btt posltlons ) : fteld descriptlon

A field nnemonf-c having an rrGrt sufflx indicaÈes the signal

ls active 1ow.

opcode (0-3) : 4m2910

possible lnstructlons

junp-to-subroutfne,

Lns t ruc t lons . 0n1y 4 of the 1 6

r e t u r n- f r om - s u b r o u t I n e ,

are used. They are: condlElonal

conditlonal jump-pipeline,

and continue.

address (4-12) :4m2910 direcË lnpuE to the reglster/counter

and nult lplexer ( l. e. pins DO Dg ) . Plns D9 Dt t of

the 2910 are tfed 1ow. Thls field is used to directly

access the 512-word rnlcroprogram memory.

me22@ ( t3) : ArnZ922 condltfon code nultiplexer enable pfn.

Thls pln ls held low throughout the mLcroprogram.

re22G ( l4) : 4m2922 conditlon code nultiplexer regf.ster

enable pin. This allows the 2922 selectlon Lnputs ( tfrat

are determl-ned by the abc22 f.Le1d) Èo be changed.
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pol22 ( l5) : 4n2922 condltion code multiplexer polarlEy

control pLn. A low value on the 4m2910 condition code

lnput implies truth. A lor+ value on poL22 lnverts the

sign'â1 that passes through the 2922.

abc22 (I6-18) : Arr.2922 condftlon code multiplexer input

selection pins. This fleld encodes the slgnal number

that the 4m2910 wlshes Èo fnterrogate.

reqa (19) : DRlt-C parallel interface "REqA" signal. It ls

used Èo acknowledge the reeelpt of data, or the executlon

of a command, by the sieve.

reqb (20): DRIl-C paralle1 lnterface "REqB" slgnal. Ir is

used to interrupt the hos t computer when the s Leve has

data for it.

Le373 (21) : 745373

rLng or counter

fnstructf.on frorn the host conputer to the

ftller I (22) : Reserved for future use.

ccenG (23) : 4m2910 condirlon eode

sf-gnal forces all condítlonal

unconditlonally executed.

latch enable pin. Thls

unlt number that is

chip latches the

contalned ln an

sieve.

enable pf n.

f.nstructlons

A high

to be

peoutbufG

DRl t-C

(Ztr¡ z 7 4I99 broads ide load enable plns f or the

parallel lnterface output buffer. On the rislng

the clock, l6 data blts from the host compuÈer toedge

the

of

rfngs or counter are loaded lnto a palr of 7 4199' s.



pelnbufG (25) ¿ 74199 broadsfde Ioad enable

DRi 1-C parallel lnterface lnput buffer.

plns

0n the

from the counteredge-of the clock, 16 data bits

hos t computer are loaded fnto a

26

for the

rlsing

to the

palr of 7 4199' s.

choose (26)

that ls

receive

receLve

: When asserted,

selected in the

the clock signal.

the clock sLgnal.

f eed (Zl¡ : I^Ihen asserted, data can

Lnto a ring,

the unlt (ring or counter)

number demultfplexer wf11

I.Ihen deasserted, all units

be serlally introduced

lnto a counÈer, on the

hlhen deasserted, rings

count upr oD the next

or broads lde-loaded

edge of the clock.

the data and counters

on 1y

unit

next rfsing

recl-rculate

rlslng edge

dis clkG

counter

of the c1ock.

(ZA¡ : Prevents the sieve from haltlng due Èo

ove rf I ow.

haltG (29) : Thís slgna1 1s rhe lnpur ro a D-rype fltp-f1op

that is clocked synchronously wlth the rlngs and counter.

The output of thls synchronous halt flip-ftop jams the

sLeve clock s fgnal at the proper place fn the clock

perf.od. Assertlon and deassertlon of haltG is the means

by whlch the control unlt stops and sÈarts the sl,eve

looklng for a solutlon.



dts_l@ (30) : Prevents the sleve

solutlon detected on cof.ncldence
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from halting due to a

gate number 1.

dis_28G, (31) : Prevents

solutlons detected on

the sLeve from

cofncldence gates 2

vers lon of the mlcrocode,

ha1 t lng due t o

through 8. In

thls signal isthe current

manipulaÈed

dis 28G all

lclenttcally to

the Èlme, the

dls_1@. However,

sLeve reverts to

by asserting

havlng just

one colncfdence detector

one number at a tfme).

operate at one-etghth

prlmary solutlon detector

checks for solut ions

a11ow the sleve to

should any but the

(i.e.

This

fr
would

clk hal t G (3 2)

clocksystem

clk_ss@ (33) : Causes

s lng 1e s qua re r¡rave .

the perlod of the

single-step perlod

the Am2925 master clock to

The perlod

free-runnlng

is 600 ns).

speed

malfuncÈLon.

Drlves the run/ha1t pln of the AnZ925

generator. This master clock supplies the

rlngs, counter, and host interface unlt. I^Ihen c1k_haltG

(although it nayls deasserted, the clock ls f ree-runnf-ng

be jarnmed by solutlon

haltG sf gnal). I^Ihen

be slngle-stepped.

detectors, counter overflow, or the

clk_halt@ ls asserted, the clock nay

of thls qrave ls

clock sfgnal

: Connected to the direct clear lnput of the

produce a

ten tlrnes

( i. e. Èhe

set_haltG (34)

synchronous

must be low

halt fltp-f1op. The

before the clk halt@

of rhls fllp-fIopoutput

s lgnal f s deasserted.
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clr_ha1t@ (35) : connected to the direct set lnpur of rhe

synchronous halt flip-f1op. The output of Èhts flip-f1op

must.be htgh before the c1k_ssG slgnal is asserted. This

signal also crears the presence of solutions from the

sol-ution detection pipeline.

cel99 (36) : PermLts

the 7 4I99's that

the sfeve master clock

are ln the hos t interface

signal to reach

unf t.

pe161G (3t¡

that ls

Permfts a broadslde load lnto the

used to a

7 4L51 6 1A

ring ls

The loadcycled during a

ls âccomplished

c1ock.

llrni t the number of times

read or write rlng operatlon.

on Èhe next rls lng edge of the master

ce161G (38) : Permits the sleve masÈer clock slgnal to reach

the 7 4LS 1614 that 1s used to limtt the number of times a

rinB ls cycled durlng a read or write rlng operatfon.

flller_2 (39) : Reserved for future use. Note

is also avaLlable, and 1t 1s physically

ba ckpl ane .

tha!

closer

ffller I

to the

Appendfx c contalns a documented listlng of the sieve

mfcroprogran.
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6,4 SIEVE INSTRUCTION SET

A DEC-supplled DRi t-C parallel lnterface connectB the sÍeve

device to the UNIBUS of the host computer. Instructlons and

data are sent to the sieve, and daÈa are recelved from the

sf.eve, 1n 16-bit parcels. The transmlssíon of data from the

hos È computer to the sleve ls done 1n lockstep, and fs

acknowledged with a handshake. The transmlsslon of data

from the sleve to the host cornputer ls lnterrupt driven, and

ls a1s o acknowledged wlth a handshake. Figures 2 and 3

describe the communlcatlons proÈocol 1n detafl.

The f ormat of a sf.eve Ínstruction is:

opcode (o) unl-t number (n)

(¡ bits) (6 bits)

least slgnifÍcant btts >

counÈ (c) unused

blts) (3 birs)

slgnlffcant blts

shift

(4

mos t

The bit ordering ls frorn the perspective of the host

computer. Data blts are used by the sieve beglnnlng wlth

the most slgnlflcant bits. Data blts are generated by the

sieve begfnnlng wlth the leas t slgntftcanÈ bits.

The opcode fteld spectftes one of B possfble Lnstructions

for the sieve devlce to execute. The insEructlons will be

enumerated after the other fields are descrlbed.

The unlt number field selects one of the rings (0-31), a

l6-bit portlon of the eounter (32-34), or the output value

of the colncídence gates (35).



HOST S IEVE

(l) assembles command/data {polling for CSR0 set}

(2) 1f T.EQA set, give
tt"yttc errortt

( 3 ) wrlre ro DR0UTBUF

(4) assert CSR0

{polling for REQA set} (5) executes command/data
when CSR0 set

(6) asserts REQA

(7 ) ff REQA not set afEer
100 mi.cros econds , glvettno responsett error

{po1ling for CSR0 clear}

(8) deassert CSR0

(9) deassert REQA

Flgure 2z Protocol for Wrlte frorn Host to Sieve

shtft count determines the nu¡nber

30

of data bits Eo be

encodecl value of n

1n n*l daÈa bit

The

used fn

(where

shlf ts.

The

a read or wrlte rlng

n ls betl.reen 0 and

command. An

15) results

lnstructLons executed by tl're sfeve are:
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HO ST

(2) inferrupt generated
by REQB

(3) read DRINBUF

SIEVE

(I) asserts REQB

{polling for CSRI set}

(4) assert CSRI
acknowledge

to
data read

{po1ltng for REQB clear} (5) deassert REQB

(6) 1f REQB set after
t 0 mlcroseconds, gfve
ttREQB s tucktt e rror ,
and disable lnterrupt
capabtllty of REQB

(7) deassert CSRI

Figure 3: Protocol for llrlte from Sieve to Host

read rlng (o = 0) : The host computer needs the value of the

next c blts of ring number n. The sLeve responds wfth

the data requested. Note that [ 1m/fO) instructions are

requlred to read an m-bft rlng.

read counter ( o 1) : The host coruputer needs the value of

48 bfts, but it 1scounter unlt rr¡

broken up fnto

and wrltlng.

The entfre counter f-s

16-btt unlts for the purposes of readlng
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rrrrfte rfng (o = 2): The host computer needs to wrLÈe c bfts
of daÈa to rlng number n¡ The data value is sent to the

sLeve after lt has acknowledged the instructlon. Note

that.I Cr /tA¡ fnsrructlon-data pafrs are requlred Èo write
an m-blt rlng.

write counter (o

go (o = 4) : The sleve ls lnstructed to search for a

solutlon uslng all units. The sfeve wf11 fnterrupt the

host when a solution ls found. Thls LnsÈructl,on sho'1d

be fssued with n=35 so Èhat the coLncidence gate values

are presented durlng the fnterrupt.

counter unft

lns truct ion

pulse (o = 7) : All

slngle-s tepped. Thts

= 3) : The host computer

n. A I 6-btt data value

ls acknowledged.

needs to wrÍte to

after thefs sent

to search for a

This lnsEruction

ls therfore usecl

causes a s lrnp 1e

ft terminates an

Because of lts

the sieve conlrol

onlL (o = 5) : The sfeve ls Lnstructed

solutlon uslng only unft number n.

permfts isolated tesÈlng of unfts, and

ln dlagnostLcs.

stop (o = 6) : This lnstruction

ackowledgement. As a slde effect

outs tandlng go or only conmand.

slnpliclty, it ls also used to test if

unl,t fs a1fve.

s Leve rings and the counter

ls a dtagnostlc fnstructLon.

are



Chapter VII

S OFTI{ARE

The essential sieve software consists of three programs: the
ttsievett command, the sieve background process ttsivmontt, and

the diagnostic program "sivdiag". The characteristics of

these programs wÍ11 be discussed. The files and data

structures used by the above programs will also be

described.

7.1 THE SIEVE COMMAIII)

This interactive program is the sole user interface to the

sieve system - no other shell commands are required. use of

the sieve command is documented ín Chapter 8.

Error detection is a significant part of thÍs prograrn.

The return code of every r/ o system call and request for

memory is checked. complete syntax and semantic error

checking is performed on all user Ínput. rf an error is

found, it is first reported to the user, and then as much

"cleaning up" is done as possible (".g. outstandi.ng memory

allocations are freed, files are closed, and the command is

terminated). The program never aborts itself.

unfortunately, the multiprecision package aborts if a memory

allocation request fails.

33
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As a precaution, copies are made of the queue and done

files before they are modifÍed. These backups have the name

".../files/temp/backup.xxxxxx", where xxxxxx is obtained

from the "n1çtemp" UNIX utility. The backup of the queue

index and string files remains in existence throughout

manage mode. A backup of the done Índex and strì.ng files i s

made cl r-rring execLrtion of the retrieve command.

Signals must not be allowed to terminate the sÍeve

command. The hangup signal is ignored. The quit signal

will abort the sieve command, and should be used only to

debug the command. The interrupt s ignal sets a flag that is

interrogated by some commands. These signals are set ro

their default va1ue, though, before invocation of the ediÈor

or a she11 escape.

7.2 THE SIEVE BACKGROUND MONITOR STVTION

The environnent of sivmon is very different from the sieve

command. sivmon is a non-interactive program that can send

messâges to the user only indirectly through the 1og fj 1e.

The standard input, standard output, and standard error

f iles are not usecl . Iluch ef fort \{as expended to make sivmon

conpact and efficient, since this process is ready or

running almo s t a1 1 the t ime .

The error-handling philosophy of sivmon is also verv

different from that of the sieve commancl. There are two

classes of errors : recoverable and unrecoverable. Only
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queue file errors and unsuccessful sieve device commands are

considered unrecoverable. An unsuccessful sieve device

checkpoint (e.g. a ring is found to have flipped bits)

causes d backup to the previous successful checkpoint, and

the range of numbers where the error occurred is retried.

The retry will be perf ormed ,rp to n times, where n is the

value of the constanr MAX N BACKUP. rf this 1Ímir is

exceeded, sivmon moves on to the next problem in the queue.

Both recoverable and unrecoverable errors generate a log

file message.

tolerated per

the cons tant

unrecoverable

cause sivmon

The maximum nurnber of

invocation of the sivmon

recove rable errors

process is given in

exceeded r âD

should execute in a dÍrectory that

I'ÍAX N ERR0R. If this maximum i s

error is signalled.

to abort wÍth a core

Unrecoverable errors

durnp. Hence, sivmon

does not have nightly

interrupt,

ttcorett f ile removals.

Although precautíons are taken, sivmon is not immune to

errors resulting from a system crash durÍng an r/o

operation. The results are unpredíctable when sivmon is

reinvoked.

The monitor process ignores the hangup,

and broken pipe signals (a broken pipe is

the filt er prosram, and causes sivmon to

current problem with an error status). The

causes sivmon to perform an orderly

associated

terminate

quit,

with

the

terminate

shutdown.

signal

Any

outstanding transaction with the filter program is allowed



to complefe. In fact, the terminate

new filter program transact ion, if a

encountered during the checkpoint.

queue. index

This file contains problems that

manage mode of the sÍeve command.

at the beginning to store global
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signal may ini tiate a

potential solution is

are accessible in

There is a header

7 .3 S IVDIAG

sivdiag is an unsophístícated interact ive program to aid in

sieve hard\,rare troubleshooting. rt cannot be run while

sivmon is active. sivdiag gives the user manual control of

all sieve hardware functions, including some diagnostic

operations that are not used by sivmon. The help command

rr?tr provides a description of the functions avairable.

sivdiag does not use the normal read and write system ca11s

to access the sieve device, since timeout errors will result

if the sieve device does not respond in a certain amotint of

time. communications protocol may be performed as s1owly as

desired, thereby allowing the sieve device to be

single-stepped via its remote control box.

7.4 FILES

Note that the following file names are not fully qualified.
The directories for these files are assigned by the uNrx

administrators.

values that must be
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remembered from session to session of the sieve

command (e.g. the last problem number assigned). The

fixed-1engÈh data defining each problem fo11ows.

Problems are stored in order of execution by sivmor-l

( i. e. ascending problem number within descending

priority). This file and the queue. string file are

completely rer.rritten each time the sieve conmand's

manage mode is quit.

queue.string

This file contains

string data defining

fi1e. There is a

associated with each

sets are in the same

the variable-length character

each problem Ín the queue. index

set of 5 character string,s

problem. The

sequential order

character string

as the problerns

in the queue.index fi1e. Each character string ,ís
terminated with a newline character, to aid rnanual

vÍewing and editing, should the need arise.

done.index

This file has the same format as queue.index, except

there is no header. rt contains the fixed-length data

on problems that have a t'done" status (i.e. it is an

archÍve). whenever manage t,iode of the sieve comnancl

is quit r queue problems with a status of "done" are

appended to this file. This file and the done.srring

file are completely re\^zritten each time the retrieve

command is used.



done.string

This file

except that

3B

is analagous in function to queue.st.ring,

it works in conjunction with done.index.

sivmon.lock

sieve.lock

This

This file

process is

sivmon, so

sivmon. It

alive. It contains the process

c omma nd c an

ba ckg round

number of

terminate

from sivmon

messages to

session, the

the user

i s xxx.

or ptest

commancl .

exists only while the sivmon

that the sieve

also performs a secondary function of

allowing only one slvmon process to rLl n at a time.

1S an empty fi1e, used to prevenÈ rnultiple

invocations of the sieve cornrnand. It isconcurrent

s ivmon. Iog

This is

to the

a text file, containing messages

user. Sivmon appends

created at the beginning of the sieve command, and

remove d when the cornmand i s qui t .

s ieve command

this fiIe. At the end of a sieve comnand

user has the option of <1 eleting the f ile.

problem/xxx

This file contains the binary equivalent of

AS CI I problem

Such a file is

command in the

file whose unqualified name

created by a

prepare mode

successful test

of the sieve



Both the ASCI I and binary problem

the destroy command. The binary

into memory when sivmon starls

specifies problem f ile xxx.
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files are delete,l by

problem file is reacl

on a problem that

result/nnn

ThÍs file

of problem

by sivmon

There is a

of the

bi na ry

solution

contains data

number nnn by

generated

sivmon.

from the execution

This file is created

the fir:st time that it executes the problen.

sma11 fixed-length header at the beginning

fi1e.

format.

Solutions fo11ow in a

At the end of the

variable-length

file are the

count and clock count values,

solutions. Actual

¡vhich are in

the same format ,as solution and

clock count values are determine<1 by adding the
problem starting value (which is stored in the
queue.string or done.string files) to what is stored

in the result fi1e.

temp/chkp.nnn

This file exists only whire sÍvmon is executing
problem nnn. The solution count and clock count are

stored in this f ile during every checkpoint. rf tì-re

system r¡rere to crash while problem nnn is running,

then the values in this checkpoint file wÍr1 be usecr

to restart the problern. The solution count and clocr<

count are appended to rtresult/nnnrt, 
anci
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"t.emp/chkp.nnn" dtsappears when sivmon termLnates the

problem, or when sl-vmon ltself is forced to termlnate.

Note that tttemp/chkp.nnn" is necessary because

"result/nnn" ls potenttally growing all the tf.ne ¡ âs

solutions are appended to lt.

temp/spool.xxxxxx

Thfs file contains ASCII text

created when a sieve command

to be prfnted. It is

user enters a cornmand

ttxxxxxxtt ls

The file 1s

durfng

prepare

res fdue

ln the

that routes lÈs output to the prlnter.

filled in by the UNIX uttllty "mkÈemp".

removed after the prlntlng is complete.

t emp / backup. xxxxxx

Thfs ls a temporary copy of a fíle such as

queue.index, queue.strLng, done.lndex, or done.sÈrlng.

These backups are created and deleted automatlcally

durlng the execution of the sieve command. The user

can manually replace a damaged flle wlth the backup,

1f the backup sttll exlsts.

temp /lnardbtts

This flle fs created and deleted automatÍca11y

execution of the test or ptest commands 1n

mode of Èhe sleve co¡nmand. It contalns the

btt sÈrings of all hardware noduli encountered

problern ftle belng translated.



temp /vlrtbits

Thls file

ekecutfon

fs

of

4I

created and deleted automatlcally durlng

the tes t or ptes t commands ln prepare

sleve comnand. It contaLns the resl-due

of all virtual (non-hardware) noduli

ln the problem f11e belng translated.

mode of the

btt strings

encount ered

¡!¡i@ri:---"'\

,q

4)f( &trì td i i .:.:fj å

t.!E¡,; 
,+,;,



Chapter VIII

USER,S GUIDE TO THE SIEVE

A sieve user interacts

software. The command

wlth the machine strlctly through

modes and commands are descrlbed

The use r need only have a

operatlng systen fn order

ln, the user should type

prompt ("$ " in VersLon 7

(rr'rt) will appear as the

the UNIX

later ln

rudimentary

to use Èhe

ttsf.evett in

of UNIX).

nehT prompt.

Messages

thls chapter.

knowledge of

sieve. After

response to the

After a de1ay,

loggfng

shell

a colon

may

of

appear before the

the f orm:

problem // nessage

were generated

first colon prompt. These

type: text of message

by the background program

messages are

date time

These messages

ttsLvmontt while it was runnf.ng "problem ll" at the date and

is one of:time spectf f ed. ttMessage type"

error an abnormal situation occurred that was handlecl

by sfvmon. Examples are: runnLng out of memory,

f11e errors ( except for the queue ftle ) , and

unsuccessful sLeve checkpofnts. Mos È errors

cause termfnatf'on of the problem (wfth an error

status)r and selectfon of the next problem fn the

queue.

42
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fatal : an abnormal

to abort.

s ituat lon occurred that caused s ivmon

Queue ftle I/ O errors and s leve

hardware errors are usually fata1.

"Text oT message" succlnctly descrfbes the error context.

If any messages dtd appear r the user has the opt ion of

savlng them or deleting them when he exlts from the sleve

command. If they are saved, then they will reappear the

next time that the sieve command is Íssued. Any ne\^I

messages will be appended to the prevLous messages.

The sLeve software does not support multiple slmultaneous

users. Errors could result if the sieve command vI¿IS Lssued

whtle another sleve session was already in progress.

Therefore, the flrst actl,on performed by the sieve command

is to check tf the lockout file "sleve.lockn exlsLs in the

sleve file directory. If so r the command terminates with

the message

sieve command

where userid fs

already ln

the user

use by userld

idenÈlfication

sieve command was

s ieve command. If the

created, and remaLns

the s leve command .

to end abnormally,

of the pers on

lockout f ile does

fn existence until

Note that íf the

no further s ieve

currently

not exl s t

the use r

using the

then tt ls

exits frorn

sessLons would be permf-tted.

must be manually deleted.

It ls suggested that the

the ttsievett userld. Thts

In thls case, the lockout ftle

sfeve command be lssued only by

promotes consolidatlon of a1l
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sleve-relaÈed work. It also reduces the 1lkellhood of a

problem wlth the preparat lon of problem flles .

Qualificatlon of a problern ffle name 1s not retalned when

the bft sÈrlng equivalent is ereated in the sleve file

directory. As an example, the preparatf.on of a problem ftle

ending in "/cubres" wt11 over$7rlte the bÍt strlng ftle for

any other problem ff1e ending in t'/cubres". Therefore, a1 L

problem f iIe names must be uni.que.

8.1

Before

UNIVERSAL COMMAND ATTRTBUTES

describtng the commands avallab1e Ln the sLeve

program, the features common to a1l commands wl11 be glven:

l. Command names may be abbrevf.ated, by omltting

characters from the right end of the name. The

abbreviation nay continue until the command name

becones ambiguous, or until just one character

remaLns. There are exceptfons:

¿\ commands that destroy lnformation must be spelled

out ln full

b) if an ambfguous command matches a conmon command

nane, then the common command name fs assumed.

2. Command names may be tn upper and/or lowercase.

3. The operands to a coumand nay be spectfted on the

same llne as the command name r or they may be

onftted. Since blanks separaÈe operands, and

operands are posltLonal, only the rfghtmost operands
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4,

6.

7
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rnay be omitted. A prompt ls made for requlred but

onitted operands.

Commands are separated by carrfage returns and/or

ôeníco1ons. Ho!üever, commands separated by

semlcolons may not span sfeve command modes.

The standard lnput to the sieve command nay be

redirected to a scrlpt ftle. Reprompts, though, will

accept thelr lnformaÈf.on from the terminal only.

She11 commands may be lssued while ln the sleve

command. A shell command is dfstingulshed by an

exclarnatlon mark as its firsÈ character. A1l

characters following Èhe exclamation mark, and up to

but not fncluding the carriage return âre passed to

an invocation of the she11. hthen the she1l command

termf.nates, another exclamatLon mark ls displayed.

A1I data that is typed at the sleve command undergoes

syntactlc checklng before cornmand execution starLs.

A reprompt 1s nade for syntactically incorrect

strings.

8. Control

values.

@?

values may be typed 1n place of normal

Control values begfn wlth the at sign.

: help. It generates a brief description of

r^rhat may be entered at that polnt ln the

command llne. A pronpt ls then rnade f or

the command or argument. Note that rr@ ? r?

ln place of a command name gfves the 1íst

of commands.



G> or @

Gq

explicit nu11.

s ignificance to

modify). It is

It has a special
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commands (e.g.

from just a

indicates that

certain

different

ir

or Gq

carriage return in that

a token has a nu11 va1ue.

abort the command. Any

cease.

reprompting will

9. The hangup signal is ignored by Ëhe sieve command.

The quit sígna1 (cntl-backslash) aborts the sieve

command with a core durnp. Note that this can trash

files, and should only be used to debug the sieve

command program. Scrolling of displays may be done

with the cntl-s and cntl-q keystrokes. Entire input

lines may be deleted with the cntl-u keystroke. The

point at which the interrupt signal takes ef fect in a

command ís given in the índividual comrnand

descriptÍons.

The commands available to the sieve user form a

hierarchy, as illustrated in Figure 4. Command name

references in this chapter will normally be qualified, in

order to indicate the appropriate mode (e.g. manage.list).

Appendix B illustrates the use of some of the common

commands.



47

s].eve

edi r list manage prepare print quit

check$

clear

dlist

downg

dprÍnt

ki11

list

make

modi f y

print

priority

q1Íst

qprÍnt

qui t

retrieve

up$

write

date

destroy

ptest

quit

test

Figure 4: Sieve Command Hierarchy
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8.2 COMMAND DESCRIPTION KEY

The prompt which must be displayed before the

comrnand name can be typed.

CO]'{MANI) The fu11 command name is given

shorËest possible abbreviation of

name follows in parentheses.

OPERANDS

first. The

the c ommand

The command operands are given in the order

required. Square parentheses mean that the

enclosed operand may occur 0 or I times. Curly

parentheses mean that the enclosed operand nay

occur I or more times. A vertical bar indicates

alternation. The type of each operand is

enclosed in parentheses, and follows the name

assigned to the operand. The operand Ëypes are:

number - ârI unsigned integer, containing an

arbitrary number of digits, and an

optional exponent of the form ilenrr or
ItEnrt (n Ís an unsignecl integer <

327 6B).

file name - a string of up to I 00 characters. A

string containing special characters

may be enclosed in single or double



llterals
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quotes the quotes v¡lll not be

consldered as part of the Etrlng.

The followlng characÈers are

consldered special: control

characters, blank, colonr seml-co1on,

exclamatlon mark, at sign.

strlngs of characters enclosed in

quotatlon marks indlcate speclflc

values that must be used for an

operand ( ttre quotatlon marks are not

actually entered). A llsË of

llterals ls separated bY Èl're

alternatLon symbol. Llterals may be

abbrevlated in the same manner as

com¡nand names.

FUNCTION: Thls section descrlbes what the command fs used

for.

BREAK Indicates

(break or

at what polnt the

delete k"y) affects

lnterrupt slgnal

the command.

Speclffc error messages

or an error class maY

message classes are:

are glven and explained,

The error
E RRO RS

be given.
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I/ O errors - error s tatus returned by an

open, c1ose, read, write, or

seel< operation.

process errors - an ttexectt svstem caIl failecl .

no memory errors - the required amount of main

menory could not be allocated.

Note that the above error types should rarely

occur. If such an error does occur,

Ís immediately aborted. If a lisr

the command

of operands

op e rand s

occurred

\¡/as supplíed to the command, then those

following the operand where the error

will not be processed. If commands \^rere queued

with semicolons, then the queue is flushed.
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8.3 COMMAND DESCRIPTIONS

PROMPT : " $

C O ¡{MAN T) sieve (sieve)

0PERANDS: none

FI]NCTIO\ This command is typed to the she11. Tt causes

the sÍeve program to be loaded into memory and

executecl . There is a typical rJelay of l5

seconds, and a maxinìun delay of 5 ¡rinutes, f rom

the time "sieve" is typed to the time that

anything is displayecl on the terminal (ttis is

the time requirecl for the background sieve

process to tidy up and exit). If the 1og file is

not empty, then its contents are displayed on the

terminal. Fina11y, the ne\d prompt ("t", is

Íssued, which invites the user to enter a

command. The standard input to the sieve comman<l

may be taken from a script file by using the

redirecrion facilÍty of rhe she1l (e.g.

síeve (script). Reprompts and verifications,

though, accept their information from the

terminal on1y.
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BREAK No ef f ect.

E RROR S

r/o errors

t'had to use ki11 signal to terminate sivmon"

After 5 minrrtes from the time that the terminate

s ignal r¡/as sent to the sivmon process, s ivmon had

not exited. This situation may arise if the

filter program used by sívmon is processing a

solution during the whole 5 minrrtes. If this

message \,JaS issued, Sivmon v/aS not able to

perform an orderly cleanup.

ttsieve command alreaclv in use by useridtt

The sieve command r¡tas not successf u1, because it

is already executing. This message v¡i11 be

issuecl if the last sieve session endecl

abnormally. In this case, the "sieve.1oclc" file

must be manually deleted.



PROMPT

c0l'1tf ANI) edit (e)

0PERANDS : t problern filel (fi1e name)

il^il

ed,

edit

and

is ttE:tt.
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prompt

Problem

FI]}JCTION : The UNIX edÍtor,

issued during the

f iles are created

BREAK

ERRORS

process errors

is invoked. The

sess].0n

change d

use êd,

in this mode. For

Ínformation on how to

user manual.

Same as in a normal ed session.

consult the UIIIX
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PROMPT : rr'rr

COMl.lAIlD : list (1)

0PERANIIS: none

FUNCTION

BREAK

E RROR S

Ilo errors

Displays the contents of the 1og file at the

terminal.

Takes effect between lines of the 1og file.
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PROMPT il . tt

C0l'll'1Al'lD : manage (m)

0PERANDS: none

FUNCTION

B REA]i

E RROR S

I/o errors

This comrnand causes the sieve progran to enter

manage mode, which contains the majority of

commands. The new prompt is rrM. rt. In manage

mode, the user creates instances of problems,

sche<1u1es the problems , inspect s result s , anrl

perf orms ancilliary houselceeping operatíons. The

queue of problerns is accessible only in this

mode.

No effect.



PROI'ÍPT : rt'rl

C OMI{AN]) prepare ( pre )

0PERAIIDS: none

FIINCTI0N: Causes the

The prompt

sieve progran to

becomes ttP:tt. rn

f or errors,

56

enter prepare mode.

this mode, a problem

and t ranslated fromfile is inspected

ASCII to binary. This translation must be

used by

B REAK

E RRORS

performed before a problem file can be

the background sieve process.

No effect.

none



PROMPT . il. 1r

COMI.{AND : prinr ( pri )

0PERANDS: none

FI]NCTION Produces a

file on the

57

1Ísting of the contents of the 1og

line printer.

BREAK No ef f ect.

E RROR S

I/o errors

process errors

"1og file is empty"

No messages are contained in the 1og fi1e. A

listing is not procluced.
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PROMP T

CoMl.lAND : quit (q)

OPERANDS: none

FTINCT I ON

BREAK : ltro effect.

E RROR S

process errors

il . tt

Causes the sieve program to terminate, and the

user is returned to the she11. If the 1og file

contains messages, then the user Ís asl..ed if he

\^/ants those messages to be deleted. The valid

responses are tty"stt or ttnott.



59

P R OI.lP T ilM.il

COMI'tAllD : check$ ( checkg )

OPERANDS amount t irne ttdaysttItíme
tthourstt | "rinutes'r I

unitsl (number

ttsecondstt)

FI]NCTION

BREAK

E RRO RS

This command is used to interrogate the

checkpoint time interval (no operand supplied on

comman<1 line) or to alter the checkpoint time

interval ( if operands are supplied on the commancl

line). During a checkpoint, the background sieve

process records on disk the state of the sieve

device, and verifies the contents of the sieve

hardware. The allowed checkpoint range is 1 to

65535 seconds. A suggested value is 30 minutes.

No ef f ect.

t'time must be > 0tt

ttamount of tirne is too bigtt
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llhen resolved to seconds, time amount must be <

65536 seconds.
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PROI{PT : tr}1 :'r

COI'{MA}ID : clear (c1)

0PERANDS : { problem ll ) (nurnber)

FUNCTION This command can only be applied to problems in

the queue that have an tterrortt status. Their

status is changed to ttreadytt, thereby allovring

the problems to be executed. It is assuned that

the error cause has been fixed.

B REAK Ìio ef f ect.

ERRORS

problern // is too big

can't f ind problem lt

The specified problem t!- is

that the clone file is

not in the queue

Drt searched by

(note

this

command).

problem ll doesn't have an error status
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PROI.fPT tt I'l : tt

COMMAND : dlist (af¡

0PERANDS: none

FUNCTIOI.T

BREAK

ERRORS :

I/o errors

Dlist provides a display of the contents of the

done file, whÍch is the graveyard for problems

that have completed. At the end of every manage

mode session, all problems that have a "donet'

status are automatically archived in the done

file. The done file is ín order by time of

archival, not problem number. The <1ata given for

a problem is the same as that provided by a

manage.qlist command.

Between problems.

no memory e rrors
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PRO}f P T tt 
ì,1 : tt

COì{}IAND : down$ (¿own$)

OPERANDS: none

FU}JCT I OI.]

BREAK

ERRORS

ttalready downtt

This comrnand prevents the background process

!tsivmonttfrom automatically slarting up when the

user exits the sieve command, or when tINIX

reboots. Down$ is used only in exceptional

circums tances ( such as when maintenance is to be

performed on the sieve hardware) or at the

discretion of the UNIX administrators. The upS

comrnand undoes the effect of downS.

No ef f ect.

A down$ command is alreacly in ef f ect.
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PR OMPT tlM.ll

COMIÍAND : dprint (dp)

0PERAI'lDS: none

FiINCTION : Same as d1ist, except that the contents of the

done file are printed on the line printer.

BREAK No effect.

ERRORS

I/o errors

process errors

no memory e rlors



PRO}{PT tt 
J.l

il

as f o1lows:
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(a quit

Caution

cOr'{MAND : ki11 (ki11)

0PERANDS : {problem llI (number)

Ki11 removes problems with the specified proble_m

ll 's from the queue of problems. At1 solutions

collected for a problem are deleted. The effect

FIINCTION

of ki11

prompted

kÍ11

BREAK

ERRORS

ttproblem i/ is too bÍg"

t'can't f ind problem lt

cannot be undone;

for each problem ll

hence, the user is

problern /l oK? Enrer reply:

The user must answer ttyestt or trnorr

control value is Ínterpreted as a ttnott)

should be exercised with this command.

After processing of â problem #

The problem is not in the queue (note that the

done file is not searched).
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PR OMP T ilM. 
''

COÌ.ÍMAND : list (1)

0PERAI'IDS: {problem ll} (number)

problem ll 's in the queue. The following data a re

given for a problem:

problem numbe r

priority

status (new, ready, done, error)

recording mode (record, norecord)

problem file nane

number of moduli used in the problem file

filter program name

starting value

stopping value

rnaximum number of solutions permitted

maximum t ime pe rmi t t ed

If the problem has a status other

following addÍtional information

solution count

than ttnewtt, the

Ís given

clock count (how far the search for solutions

has progressed)

solutions



B REA}"

E RRO RS

I/o errors

no memory errors

ttptob1em /l is too bíg"

ttcan't fj.nd problern #

67

Between s olut ions or problems.

problem /l is not in the queue (the

not searched).

The specified

done f i1e is
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COMMAND : make (ma )

0PERANDS: recording

problem f i1e

of moduli

mode ( ttrecordtt | "norecord")

( file name )

(number)

filter program (file name)

start value

!_

solutions (number)

amount (number)

units ("daystt I tthourstt

6B

ttminutestt

ne\,J problem,

The operands

(number)

(number)stop

!!- or

t ime

tine

value

ttsecondstt)

FIINCTI0N: The make command is used to create a

and enter it ínto the queue.

the problern:supplied define

recording mode - ttrecordtt means record all solutions found.
ttNorecord" means just keep the largest solution

found, and a count of all solutions.

problem f i1e the name of the problem file that specifies

the rnoduli and residues to be used.



L of moduli a11ows the use of a subset of the moduli in

the problem f i1e. Note that the order of use of

file. However, the order within

(hardware or software) is the

problern file. If
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a modulus type

sarìe as, in the

horv many moduli

vrant to use all

program that will perform

the potential solutions

If this facility is nor

moduli is hard\,¡are-implemented moduli f irst, then

software-implemented moduli. This order may not

be the same as the order of moduli in the problem

you do not knoint

are in the problem f i1e, brt you

of them, enter the value 0

filter program - the name of the

additional tesLs on

generated by the sieve.

required, enter rr-rr.

start value the number f rorn which the si-eve is

number

to begin

will bethe search for solutions. This

rounded down to a multiple of I

hardvrare checks for solutions

tiure).

stop value the upper 1lmit to

(since the sieve

8 numbe rs aL a

be imposed on the solution

wÍ11 bv¡ roundecl up to asearch. This nurnber

rnultiple of I

# of solutions the maximum numbe r of

Solutions must be accepted by

the solution

solr-rtions a1lowed.

the filter program

count.t o be included in
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time amount, time unÍts - the aggregate real time that the

problem will be permitted to rrin. The a11owab1e

range is I to 2I47 483647 seconds.

A problem is terminated when any of the stop

value, maximum ll of solutions, or time limit is exceeded, or

íf any unrecoverable error occurs. These termination

criteria may be slightly exceeded, because of the pipelining

of sieve hardware and sof t\¡/are. problems are given a

default priori ty of t 0. If all goes we11, the message

problem ll n entered successfully

is isstied, where n is the number assigned to the ne\¡J

problern. Problern numbers are assigned sequentially from I

Èo 2I47483647, and are not reused.

B REAK llo effect.

ERROF,S :

IIO errors

no memory e rrors

"p.ob1em f i1,

A

has not been prepared"

binary version of problem file doesn't exist.

"ll of moduli to use (O f or all) is too big"
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I{ore moduli were requested then are contained in

the problern file.

"can't find filter p rog ram

"fí1ter program is

The f ile

the wrong type of file"

specif ied is not an executable prograû.ì.

ttno execute permission

The program

for filter program

not have the appropriate mode

the background sieve process.

does

for invocatÍon by

tts tart ing value is too

The number

exponent is

bÍg"

is too large to be stored (the

> 32767).

trstop value is too bigtt

"s top value must be >-

The sieve cannot run backwards.

"max ll of solutions is too big"

"max ll of solutions must be > 0"

ttamount of time is too bigtt

tttime must be > 0t'
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PROMPT tt I'l il

COMMAND : modify (mo)

0PERANDS: problem # (number)

recording mode (t'record" | "norecord")

problem file (file name)

ff of rnoduli (number )

filter program (fi1e name)

start value (number)

stop value (number)

ll of solutions (nurnber )

t ime amount

time unÍts

;.";

( numbe r )

(ttdayst' tthourstt ttminutestt

FllNCTr0N: This command allows the definition of a problem

t o be changed. The operands following problem lt

are the same as in the manage.make command. The

previous values for these operands are firs t

displayecl . Next, r prornpt is made for the

operand values that vrere not on the command line.

The nu11 control value (trG'r or "G>") should be

specified for operands that are not to change

from their previous value. A common use of this



73

command is to extend the problem termination

criteria. Some operand changes are not perrnitted

for problems that have already run on the sieve

( e. g. changing the recording mode or start

value). All of the error checks performe,t by the

manage.make command are also performed by this

command. In addÍtion, the problem termination

operands may not be decreased below the values of

the variables that the terminatÍon operands

monitor. Application of the modify commancl to a

problem with an tterrortt or ttdonettstatus changes

the problem status to ttreadytt.

B REAK : No effect.

ERRORS As for manage.make command, plus:

ttcan't change recording mode after problem has run"

"can't change starting value after problem has runt'

ttcan't back up stop valuett

ttcan't back up max lÍ of solutionst'

ttcan't back up amount of timett
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PROMPT llM:tt

C0l"fMAND : print (prin)

0PERANDS : { rrroblern !l\ (number)

Same as f or the manage.list cornnand, except that

the problem data are sent to the line printer.

Each problern Ís started on a new page. The order

of problems appearing on the line printer may not

be the same as the order of operancis in the prt'-nt

comrnand.

B REAII

FUNCTION

ERRORS

Process errors

lJo ef f ect. ConsicJer issuing the "cprt" conmanC

to the she11.

As for manage.list, plus:



PROMPT ilIi. rr

COIll'lAND : priority (prio)

OPERANDS Þriorit v
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affects the scheduling of

ll 's within the queue. New

value (number)

llI (number){ problem

FUNCTION The priority

the specifÍed

c omma nd

problern

and ready problems are run in descendÍng order by

priorÍty value. The highesr priority is 32767,

and the lowest. is 1. A priority of 0 prevents a

problem from running. problems with equal

priority are run in ascending order by problem JL

: No effect.

ERRORS :

"priority /i is too big"

BREAK

ttproblern
tl_ is too big"

ttcan't f ind problem ll "



The specified problem is

that the done file is

command).

not in the queue

not searched by

76

(note

this
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COMMAND : qlist (q1)

0PERANDS: none

FUNCTI0N: This command lists at the terminal the

77

contents

1Ísted Ín

of the

of the queue fi1e. The problems

scheduling order, except that

problems may have a done or error

data providecl f or each problem are:

p roblern lt

priority

status (new, ready, error, done)

are

s ome

status. The

recording mode ( record , norecord )

problem file name

ll of moduli used in the problem file

filter program nane

starting value

stopping value

maximum ll of solutions permitted

maximum time permitted

B REAK : Betr,reen problems.



1Õto

E RRO RS none
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COIfl'fAI:tD : qprinr (qp)

0PERANDS: none

FI]NCTION 0print is equirzalent to

the output is routed to

79

manage. qlist, except that

the printer.

B REAK : No effect.

E RRO RS

I/o errors

process errors



COl'll.lAND : quit (q)

PROItIPT It v tt

0PERA¡lDS: none

FUNCT]ON

B REAK

E RROR S

L/tJ errors

This command terrninates

prompt will be ": ". As a

of problerns is "thinneclt'

status of tt(lonett are moved

Ìio ef f ect.

BO

mo<ìe. The ne\,1

effect, the qLleue

problems r^rith

done file).

manaP-;e

side

(i.e. a

to the



P R OI'IP T nM. ''

COMl'fAND : retrleve (r)

OPERANDS : { problem 1!-I (number)

retrleve cornmand moves the specifled

from the done file back lnto the

FUNCTI0N : The

81

problern

problemtÍ s

queue. The status of these problems remains as

"done"; hence, these problems wilI return to the

done flle when manage mode is quit r uDless the

problems are nodif ted or ki11ed. This commancl

can take a long tine to execute, because of the

amount of I/ O performed.

No ef f ect.BREAK

ERRORS

r/o errors

no memory errors

ttpr'ob1em ls too blg"t!_

#ttptoblern ls already ln queue"



82

ttproblem // not found ln done f fle"



PRO}4PT rtl{ : rl

c 0 ¡l l'1A ¡r l) up$ ("p$)

0PERAI.TDS: none

83

process to

the sieve

FI]NCT IO¡]

B REAK

E F.ROP. S

ttalready uptt

"l,tp$t' purrnits

begin execu tion

the background sieve

when the user exits

comr:land. rt nega tes the ef f ect of a manage. clowng

comrnand.

no ef f ect.

An up$ command is already in effect.



B4

PROMP T tt 
J.{ : tt

CO}{MAND : write (-v)

OPERA}TDS text f i1e (fi1e name)

Ì (number){problern ll

FUNCTI0N: This command is functionally equivalent to the

manaÊe.1ist cornmand, except that Èhe data on each

problen lf is appenderl to the Ul.lIX text f il e. The

file is created if it does not alreaCv exi-ct.

This command finds several uses: The text file

created may be editecl to rernove rlnnecessar)/

information (such as all lines containing ¿l

co1on, and the "START pR0BLEl'Í" and "ElrrD pROBLEÌ,i.

delimiters) and leave just the solution valtres.

The text file may be subsequently printecl. The

manage. print comrnand

a write

begins each problem on a

to a text file followed

nehr

bva

the

for

page; hence

she1l ttupr text file" saves paPer.

be copiecl to tape

to other cornputer

or

installations.

Fina11y,

dlskette,text f ile may

transportation

BREA}1 Between problem ll ' s



ERRORS

I/o errors

ttÞroblern

no mef.qory errors

The specifie,l problem is

done file is not searched

B5

not in the queLre (the

by this command ) .

tl_ is too big"

"can't find problem ll il



PROI.IPT ttP il

C OMI'f A¡I I) date (da)

) (fi1e name)

¿J tr

a prepâre.test or

be perforned cn

binary version to

the ASCII version.

the message issued

0PERAIIDS : { pr:ob1em f i1e

Each operancl is assumed to be the nane of an

ASCII probleni fi1e. Its last modification tine

(lUf) is compared wirh rhe LI1T of irs

corresponding binary file (i.e. the one createcì

by a prepare.test or a prepare.ptest conmand).

If rhe Ll.lT of the ASCII f i1e is greater than rhe

LllT of the binary fi1e, or if no binarv fjle

FUNCTIOI'i

exists, then

proble¡r f i

the message

1e is not current

is issued. This means that

prepare.ptest command

problern file in order

IS

shoulrl

for the

reflect the changes made to

If this is not necessary, tl.ien

problem file is current

B RE AT, Bet\,Jeen problem f ile's



ERRORS

"Droblem f i1e

ö/

doesn't existrl
Itstattt system call on the cl esignatecl file \trâsA

not successful.



PRO}1PT ttP il

C0l'{l'14}lD : destroy (ctestroy)

FUI.ICTI0N : This command rernoves both the

f ile specif ied.

f ollorvs:

0PERAIIDS : {problern f i1e} ( f ile nar¡e )

BB

ASCIT and binarv of

]lach file nane is

reply:
tno" at this point

each problem

specified

destroy

AS

file name 0l(? Enter

The

(a

The

UNIX

user must answertt

quit control value interpreteci

is removeci

as a

by the ttrmt'

ye s

is

t or I

t'n ott ) .

ASCII problem file

command.

B RE A}{

EP.RORS

"p.oblem

After processing of a problen file.

Process errors

f i1e doesn't

A ttstattt

existtl

system call clid not succeed for the

fi1e.specified



0PERANDS: { nroblem f i1e Ì (fife narne)

B9

except that al1

printer insteacl of

tn'ou1d normally be

PROÌ1PT

FUNCTIO\T

B REAK

ttP:tt

CO¡{NAND : ptest (pt)

Same as for prepare.test,

<1 iagnostics are sent to the

the terminal. This

used only when there

c omma ncl

are too many err:or messages

to be easily viewecl at the terminal. The nane of

each problgm lltg is displa¡red ar rhe terminal,
just before it is processed.

Between statements in a problem f i1e, and beti¿een

prohJ ern f iles.

EP,RORS : As f or prepare.test, plus

process errors
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PROI'{PT tt il

No ef f ect.

P

COI'{}ÍAl.lD : cluit (q)

0PERANDS: none

Fl] NCTr0¡l : causes an exit from prepare mode. The user is

returned to the basic síer¡e cornmand node, roith

its prompt of tt:tt.

B REAK

ERIIOP S : none
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PRO}IPT

c 0 ¡{ },1A Nr t)

FIiNCTIÔI'T

IlRIlAI'',

rtP. il

test (t)

OPIIRANDS: {problern file} (fife name)

The test command

specified to be read

The binarv

in a special

know about.

causes each problern file

and translaterJ into a more

compact binary form. The translation occurs onlv

if no errôrs vJere detected in the probler:r fiJe

version of the problern file

problenr

displayed. If no

of the number of

is created

ancl betrn¡er:n

directory that the user need not

Fo r

The orig inal

each problem

file is not

fi1e, a count of themodif ied.

number of

errors

moduli

errors detected is

occrrrred,

encotlntere<l

then a count

Ís also displayed.

Between statements in a Droblem file

probl em fil es

ERRORS :

I/o errors

no memory errors



syntax and semantic errors found Ín the problem file

All of these error messages begin with the

' number in which the error Lras cletected.

ttno harclware mo<1 uli collected"

92

line

At least

backg rou ncl

llone of the valid mocluli in the problerl fjle are

implemented in the sieve's hardware.

one such modulus is requirecì for the

sieve process to function properly.
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8.4 PROBLE¡{ FILE CREATION

The problem file contains the congruences to be used in one

or more problems to be solved by the sieve. It can be

created " by the user through the edÍtor. A library oÍ.

utilities has been created to produce the quadratic

resÍdues ¡ guadratic non-residues, and cubic residues, in the

form of problem files (see programs "qrest' ancl "cres").

Such automa tically-generated problem files may be edited by

the user, if necessary.

A problem file has a simple format. It consists of

statements, where a statement is a list of unsigneri

integers, separated by "white spacett (tab, ne\,i1ine, or blank

characters ), and termínated by a sernicolon. The first

nunber in a statement is assumed to be the modulr:s, ancl the

remaining numbers are the residues desired for the modulus.

Any set of consecutive residues i through j inclusive may be

abbreviated as i : j or j: i. The maxímum value of a modrrlus

is 32767; hence, resi<1 ues may have values from 0 to 32766.

In Backus-Naur Form, the problem fite syntax is:

problem file ::= {statement}

statement = modulus resÍdue

= {residue_item}

= residue

list

residue list

residue item

residue

numb e r

number

{dieit}

: residue

modulus

residue

number
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digit ::= o I r | 2 | 3 | 4 | 5 | 6 | 7 | I I s

As an example, the congruence

X = 1,3,4,51619 (mod t1)

is rep,re'sented by the problem file statement

1l I 3:6 9;

Problem files can be annotated. All characters between a

ttYtt character and the end of the line will be considered as

a comment. rt is recommended that every problem file begin

wi th a few comments that summa ríze the congruences.

The following formaË is suggested for problem fÍles:

Iloduli should be in ascending order. Each modulus beglns on

a nerr 1ine, and is followed by a tab character. The residue

list follows in ascendÍng order. The residues or residrre

ranges are separated by a single blank character. At most

ten residues should appear on a 1ine. Each additional line
required for the residues should be indented by a tab
character. These rules make the moduli stand out, and

permit an easy count of the residues for a given moclulus.

The problem file generatÍon programs aclhere to these rules.

All moduli in a problem file mlrst be relatÍve1y prirne, to
guard against inconsÍstencies. At least one modulus must be

implernentecl in the hardware of the sieve, since the hardv¡are

initiates solutions. For a given modulus m, the nu¡nber of
res idrres allowed is between 1 and m-l inclusive. rt is
senseless (and an error) to specify all n residues, since
this is the same as omi tting the congruence altogether.
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Flnal1y, a particular res idue rnay appear in the res idue 1 is t

only once.

Appendlx B contaíns an example of a problem fi1e.

8.5 FILTER PROGRAM CREATION

A filter program may be specífted for a problem. rts

purpose is to perform additional screening on numbers thåt

have been generated by the sieve. ThÍs allows arbitrary

tests to be applied to potential solutions before they are

recorded, thus conserving secondary storage. rn addiÈion,

the lpprícation of additional tests to a potential solution

is carried on concurrently with the sieve peripheral,s

search for the next potentiar solution. Thus, the sieve

peripheral is not necessarily fdle whi.Le the filter progranì

is active.

All filter programs âccept as their standard input a

Under Vers ion 7 ofmult iple-precísion bína ry-f ormat number.

UNIX, Èhe "mp" prckage' s MINT forma t Í s

output of Ehe filter program is an

fo11 owing i nt erp re ta tion:

< 0 : error. Sivmon will terminate

with an error

- 0: the number 1s

> 0 : the number ts

Appendix B illustrates

used, The standard

integer with the

the current problem

status.

not a valid solut ion.

a valid solution.

the format of a fí1 ter program.



Chapter IX

CONCLUS IONS

Two obvlous vrays of making an erectronic shlft register

sleve fas ter are Lncreas ing the clock speed, and lncreasing

the number of solutlon detectors. rn this sieve, signal

delays are a signlftcant part of the cycle time, The

specfftc problen 1s that some of the connecË lons frorn the

rlngs to the solution detectors are longer than they should

be, and sfgnal reflectlons occur due to impedance

mismatches. These reflections must be allowed to damp out,

1n order for correct solution detection.

rt nay seen that the nunber of windows per ring nay be

arbitrarlly lncreased, but there are llrniting factors.

FirsÈ, there 1s the space requlred by a solutlon detector (o

lntegrated clrcults in this sleve). second, solution

detectors have a large fan-f.n, and are therefore very

sensitlve to lnput signal skewing. As the nurnber of

solution detectors lncreases, the clock speed will probably

be degraded. Finally, each solutlon detector nus t have a

connection to every ring; slgnal routing becomes a problem.

The author envLsl,ons the construction of a single, 40

ring, I billlon trlal per second sieve, havlng l6 windov¡s

per ring, and a cycle time of 15 nanoseconds. EcL 1s the

96
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only semLconductor logic capable of this speed. ECL

requlres a controlled inpedance environment, but thts ls
deslrable for a sf.eve. unltke TTL, ECL does not produce

large current spikes 1n the povrer plane when it changes

logtc state; thfs fs clearly advantageous when a large

number of devLces are swrtching simultaneously.

cons Iruction of the gtgah ertz sleve wourd be greatly

slmpllfted if each ring could reside on a single chip. The

availabtlity of 1ow-volurne, custom ECL f abricat. lon is

eagerly awalÈed.

A sieve has ltttle use outside the fiel<t of number

theory. However, buf ldlng a sieve f n a ner^/ technology is an

excellent vray to galn famlllarity with tlìat technology. The

sieve algorlthm ls sinple, and can be iurplemented ln a

varieÈy of r{ays. Electronics has not yet been fully

exploited. 0ptics promLses even higher speeds.
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