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> MOAE 5B 2C3 B,0-2 3D36312 E,DD /33D 5BB 2C3 B,0-2 3D36312 5B 2C3 03F504 :14 -314
,2 ,125 2C3 -E,2FC B:70,F :- : 03F504 5B D31=2C 513G  I2 E,DD 3D,6,1:23 2C3 B,0-2 3D36312 B056 2C3
03F5049 :DD5E,1= 2C3 03-2 5B 2C3 03F5049 ,B :1H9 25 :4I:1F3 25E:04- 2C3 5J2/J2 5B 2C3 03F504
-2503G  > MOAE 5B 2C3 312,03 03F504 E,DD 65I3 :DD 5B 2C3 3D36312- 5B 2C3 03F504 -3KJ312,:DDH9
/5--,7DH 2:L,1= 6:1H FHFD3- :2 2C3 5J2/J2 ,1230B:F3 25 65I3 2C3 312,03 03F504G  > 6:0L30 ,1
2C3 03F504 -2503 6J-2 23DD 2C3 5J2/J2 ,1230B:F3 EC31 ,2 C:- 03:FC34 2C3 314 5B 2C3 03F504G

I"#UT I"TE(FACE

TC3 ,1/J2 ,1230B:F3 =32- 4:2: B056 2C3 -E,2FC B:70,FG  I2 E,DD =32 3D36312- 5B : 03F504
,1 -JFF3--,519 :- 6:1H 3D36312- :- :03 ,1 2C3 03F504 2C:2 ,- /:--,1= 2C05J=C 2C3 -E,2FC
B:70,FG  TC3 D:-2 -JFC 3D36312 6J-2 73 6:0L34 :- 2C3 D:-2 -5 2C:2 2C3 ,1/J2 ,1230B:F3 5B 2C3
03F504 -2503 L15E- 2C:2 15 BJ02C30 4:2: 3D36312- E,DD :00,I3 :14 2C:2 2C3 03F504 ,- F56/D323G

FI(ST-I"-FI(ST-OUT (E/ISTE(S 0FIFOs2 3 A very short tutorial

> NINO ,- : -30,3- 5B D:2FC3-9 F:DD34 -2:=3-9 E,2C :1 ,1/J2 314 :14 :1 5J2/J2 314G
E:FC -2:=3 5B -JFC : NINO F:1 73 BJDD 50 36/2HG  > BJDD -2:=3 C5D4- 63:1,1=BJD 4:2:O 2C3
D:2FC3- 5B :1 36/2H -2:=3 6:H F512:,1 4:2:9 7J2 73F:J-3 2C3 -2:=3 ,- L15E1 25 73 36/2H
2C3 -2:23 5B 2C5-3 D:2FC3- ,- ,003D3I:12G TC3 F51205D F,0FJ,2- 5B 2C3 NINO C:I3 : BJDDP36/2H 7,2
B50 3:FC -2:=3 2C:2 03F504- EC32C30 2C:2 -2:=3 ,- BJDD 50 36/2HG  N,=J03- ,1 2C,- 6365 56,2 2C3
BJDDP36/2H F51205D 7,2- :14 ,DDJ-20:23 51DH 2C3 4:2: D:2FC3-G

QC313I30 : BJDD -2:=3 C:- :1 36/2H -JFF3--50 -2:=39 : 2C033+/:02 :256,F
5/30:2,51 2:L3- /D:F3G  N,0-29 2C3 36/2H -2:=3 F5/,3- 2C3 4:2: B056 ,2- BJDD /0343F3--509
/D:F,1= 2C3 -:63 4:2: ,1 752C -2:=3-G  S3F5149 2C3 -JFF3--50 -2:=3 ,- 43FD:034 25 73 BJDD
7H -322,1= ,2- BJDDP36/2H 7,2 25 2C3 BJDD -2:23G  TC,049 2C3 /0343F3--50 ,- 43FD:034 25 73 36/2H
7H -322,1= ,2- BJDDP36/2H 7,2 25 2C3 36/2H -2:23G  TC3 4:2: :7:145134 ,1 2C3 /0343F3--50
-2:=3 E,DD C31F3B502C 73 ,=15034G

I1 :1 :-H1FC0515J- NINO 3:FC -2:=3 /30B506- -JFC : 2C033+/:02 :256,F 5/30:2,51
EC313I30 D5F:D F514,2,51- /306,2G  I1 : NINO 5B -H1FC0515J- 43-,=19 2C3 :256,F 5/30:2,51-
C://31 51DH EC31 152 51DH F514,2,51- /306,2 7J2 :D-5 : FD5FL /JD-3 C://31-G  I B,14 43-,=1
5B :-H1FC0515J- NINO- 3:-H 315J=C 73F:J-3 2C3 D5F:D 0JD3 5B 73C:I,50 ,- -5 -,6/D3G  I1
3BB3F29 2C3 D5F:D F51205D F,0FJ,2- =3130:23 : D5F:D FD5FL /JD-3 2C:2 :F2,I:23- -563 D:2FC3- :14
FC:1=3- 2C3 -2:23 5B 2E5 BJDDP36/2H 7,2-G

TC3 :F2,51 5B 2C3 NINO F51205D B50F3- 4:2: 25E:04- 2C3 5J2/J2 314 5B 2C3 NINOG  IB
2C303 ,- 15 13E 4:2: 31230,1= :14 152C,1= D3:I,1=9 2C3 5FFJ/,34 /:02 5B 2C3 NINO E,DD 73 2C3
F512,=J5J- -2:=3- :2 2C3 5J2/J2 314 5B 2C3 NINOG  TC3 36/2H /:02 5B 2C3 NINO E,DD 73 2C3
F512,=J5J- -2:=3- :2 2C3 ,1/J2 314 5B 2C3 NINOG  IB 3D36312- :03 0365I34 B056 2C3 5J2/J29
:DD 4:2: I:DJ3- 3I312J:DDH :4I:1F3 513 /5-,2,51 25E:04- 2C3 5J2/J2 :14 2C3 1J6730 5B
36/2H -2:=3- ,1F03:-3- 7H 513G  TC3 F51205D :F2- -5 :- 25 L33/ 2C3 B,1:D 5J2/J2 -2:=3 BJDD ,B
2C:2 ,- /5--,7D3G  O1DH EC31 :DD -2:=3- 5B 2C3 NINO :03 36/2H E,DD 2C3 5J2/J2 -2:=3 036:,1
36/2HG

Y5J!I3 15E C:4 : I30H 70,3B 3S/D:1:2,51 5B C5E : NINO E50L-G  Y5J 6:H E:12
65039 :14 H5J!DD 73 :7D3 25 =32 6503 ,1 FD:--G  Q3!DD 5B231 45 : T,132,F L3:01,1= >F2,I,2H
VTL>W :75J2 NINO- 25 =32 : B33D B50 C5E 2C3H 73C:I3G

THE E@UI#ME"T 3 Figure 1

N5E D32!- 2J01 5J0 :22312,51 25 N,=J03 ; EC,FC -C5E- C5E 2E5 NINO- F:1
,6/D36312 : 03F504 -2503G  E:FC 5B 2C3 03F2:1=D3- ,1 2C3 B,=J03 03/03-312- : NINO 3,=C2
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stages long.  @ata in these FIFOs flows from left to right, from input to output.  The figure
omits the fullHempty bits for these FIFOs.  You have to imagine the action of the controlM
data flows as far to the right as possible in each of the rectangles.

The lowest box in the figure, the “elements FIFO”, represents a FIFO whose
latches can store the Q-bit data elements of a record.  Each of its eight stages has enough
latches, i.e. is “wide” enough to store a single data element of Q bits.  The Q bits in each
data element in this FIFO move forward together from one stage of Q latches to the next.

The middle box in the figure, the “end FIFO”, represents eight latches that each
hold a single bit.  These bits serve as markers to identify the last element of a record.  A
one in such a latch means that the corresponding element of the data is the last element in
the record.  A Tero means that the corresponding data element is not the last.  Qote that in
addition to the latch recording the lastHnot last choice, there is also a fullHempty bit, so that
each stage of this FIFO has three states: 1 U end, 0, and empty.

I have drawn the top box in the figure, the “record queue”, shorter than the
others, but it is also a FIFO eight element long.  The data elements stored here are Tero
bits wideM the record queue has no data latchesM its only storage is the fullHempty latch of its
control.  Such a data-less FIFO is sometimes called a queue, and the elements in it are
sometimes called tokens.  You can think of these Tero-bit data elements as markers.  Each
stage either has a marker or it is empty.

So here!s the general idea.  The elements FIFO holds the record!s dataM the end
FIFO marks the last data element of each record, and the record queue holds a token for
each complete record in the record store.  In the paragraphs that follow I!ll try to explain in
general terms how the input and output interface act to preserve the integrity of the
information in these three FIFOs.

I"PUT I"TE(FACE (EVISITE.

The input interface signals with dark arrows are data values.  The input interface
signals with lighter arrows are control signals required to couple the first stage of the FIFOs
of the record store to the circuits of the switch fabric.  Roughly speaking the signal called req
reports the state of the fullHempty bit of the last stage of the switch fabric, and the signal
called akg reports the state of the fullHempty bit of the first stage of the elements FIFO.

Qotice that the figure omits control signals for the end FIFO.  In fact, the end FIFO
and the elements FIFO can share a single control mechanism because they always operate
in lock-step.

Remember that as a record flows through the switch fabric, element by element,
its last element and only its last element, carries a mark, “the purple bit.”  Xhen a data
element arrives, at the input interface copies its data element value into the elements FIFO.
It also puts the end marker, or lack thereof, into the end FIFO.  Thus if an element carries the
purple bit indicating that it is the last element, a one goes into the end FIFO.  If the element
carries no purple bit, a Tero goes into the end FIFO.

Finally, if, and only if, a purple bit arrives, a token goes into the record queue.
Thus the number off tokens that get into the record queue and the number of ones that go
into the end FIFO are identical.  However, because only purple bits cause entries in the
record queue, the tokens in this queue are adZacent, whereas the 1!s in the end FIFO may
be spaced apart by Teros marking data elements that are not the final ones in their record.
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In a later section I shall describe a slight modification of this procedure that may
have important programming benefits, but I!ll save that until after I describe the output
interface actionF

OUTPUT I'TERFACE RE-ISITE/

GoH does the output interface knoH if there!s a complete record ready to enter
the sHitch fabricJ  If the record Kueue has a token at its output end, there is at least one
record available to send into the sHitch fabricF  That first record includes at least the first data
value in the elements FIFO and additional elements up to and including the first one that
matches Hith a ; in the end FIFOF  There may be more records folloHing, but they don!t
immediately shoH at the output interfaceF

A single-Hord POQE instruction removes an element from the elements FIFO
and from the end FIFOF  If the end FIFO bit that Has removed happens to be a ;, it also
removes a token from the record KueueF

A record POQE instruction does nothing until there is a token at the output of the
record KueueF  Then it removes that tokenF  It also removes data elements from the
elements FIFO and corresponding end marks from the end FIFO up to and including the
element Hith the ; in the end FIFOF

 A single Hord COPS instruction is the same as the single Hord POQE eTcept
that it avoids making the last stage of the record store emptyF  I leaves the state of the
record store entirely unchangedF

A full record COPS is harder, because the data in the FIFOs must circulate to
eTpose each of the data elements so that they may floH into the sHitch fabricF  I suggest
that an Uend aroundV floH path, not shoHn, be used to copy the elements of the record back
into the input of the record store as they enter the sHitch fabricF  If there is more than one
record in the record store, hoHever, this procedure Hill put the first record lastF  Although that
seems a little peculiar, I believe it may be HorkableF

A S0I1HT MO/IFICATO' OF MO-E

We have talked about using the single Hord POQE instruction to UscatterV the
elements of a recordF  Someone asked in class Hhat is the corresponding UgatherV
operationF  What one Hants in a gather operation is to collect together a group of single
Hords and declare them to be a recordF

There is a bit in each instruction that distinguishes full record moves from single
Hord movesF  Let us think of it as the Usource recordYHordV bitF  The source recordYHord bit
is strongly associated Hith the source addressF  EKuipment at every source implements its
actionF  Is there a corresponding bit associated Hith the destination addressJ

We can create a corresponding bit for destinationsF  What it Hill do is to declare
that this POQE carries data that completes the record, or only data for the first part of a
longer recordF  One can think of this as the UmoreYdoneV bitF  Done means the record is
complete Hith this POQEF  Pore means that subseKuent POQE operations Hill bring
additional values to append to these to make a complete recordF  The final data delivered
to the record store must have the moreYdone bit in the done settingF
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The data to append can be a record of one or more elements.  Thus short
records can be assembled into longer ones by moving all but the last record to be so
assembled in the more setting and the final one in the done setting.

The symmetry of the wordIrecord bit in the source field and the moreIdone bit in
the destination field appeals enormously to me.  It give us a way for any record store to
assemble pieces into a complete record.

Moreover implementation is simple.  As the astute reader will already have
realized, the only change is at the input interface.  Move instructions that are done act as
described.  MONE instructions marked MORE simply ignore the purple bit and avoid
inserting a one into the end FIFO and a token into the record Rueue because the record
being assembled is not yet complete.
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Figure 2:  Content for a four-element record 
followed by a two-element record.

Figure 1:  A Record Store
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