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Why MOVE
Concurrency
Computing
Programming

Four parts to this talk

Part 1:   Why MOVE
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THEN
Logic expensive - vacuum tubes
Communication cheap - copper wire

NOW
Logic cheap - transistors
Communication expensive
 - area
 - time
 - energy

Technology has changed
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THEN
Logic expensive - program operations
Communication cheap - implicit

NOW

Only one instruction - MOVE

Logic cheap - implicit
Communication expensive
 - put the programmer in charge

Architecture must also change
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Where data go
 controls
What happens

MOVE to adder
 form sums
MOVE to write unit
 record in memory

MOVE is the only instruction
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We named it FLEET

for speed
but it became

Nautical

SHIP = logic unit
Computer = a FLEET of SHIPs
plus a "switch fabric"
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Switch Fabric:
From SOURCE to RESTINATION
 data are unchanged

SHIP:

Source V a SHIPWs Output
Restination V a SHIPWs Input

From INPUTS to OUTPUTS
 data processed
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Asynchronous MOVE

MOVE "executes" when
 data are available at its
 source, i.e. a SHIP's output

MOVE "issues" when
 it enters the pool

MOVE "completes" when
 space is available at its
 destination, i.e. a SHIP's input
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End of Part 1
Move machine
SHIPs ^ Switch Fabric
Asynchronous MOHEs

Part 2 - Concurrency
In the Switch Fabric
 and for multiple MOHEs

Concurrent MOHEs _
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When MOHEs execute
MOHEs execute when data are available
Each MOHE waits as long as reauired
All waiting MOHEs are concurrent

Code Bags
Limited seauence inside bag
bero or more successor bags
Each bag must fetch successor(s)
Each BAcWs code enters
 the POOL concurrently

Concurrent MOHEs
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Source seauence
MOHEs with same source
 execute in issue seauence
Identical instructions complete in
 execute seauence
Bag is a bag of lists with same source

Code bag seauence
All MOHEs in bag issue before
 any from the "next" bag.

Seauence guarantees
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Two MOHE types
MOHE vs COPY

MOHE drains source data
COPY preserves source data

Plus
MOHEs with same source
 execute in issue seauence

COPY . . . MOHE duplicates
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Code Bag
Unordered set of lists

Code Bag Rescriptor (CBR)

(Code Bag Rescriptor) Vf Fetch

Pointer to left of bag
Pointer to right of bag
Pointer to literals for this bag

JUMP replaced by:



UCIES# 2006-is34
14 September 2006Slide 16:  R.I.P.

Program counter
JUMP instruction
Code BLOChS

Seauential process

Reparted,  R.I.P.
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Confounded two ideas
Pointer to next block
End mark for this block

Both useful sooner

Whyi Cost to store pointer

Pointer - fetch while execute
End - know how much to fetch

JUMPWs epitaph
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Concurrency vocabulary:
Concurrent V no order specified
i.e. any order is acceptable

Words to avoid for Bags

Left side - Right side
Red part - creen part

Beginning - End
First - Last - Next

Use seauence-free Words
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Some implications:
Execution seauence not in code
Possible indeterminacy
Face to face with
 low level concurrency

Rata flow sets execute seauence
Tokens are a useful data type

Seauencing by SHIPs
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End of Part 2
MOHE & COPY
Asynchronous Switch Fabric
Code Bags - limited seauence

Part 3 - SHIPs
Asynchronous interfaces
Outputs can be empty
 MOHE will wait at source
Inputs can be full
 MOHE will wait at destination
 and may cause REARLOCh
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Rata Types
Token (zero bits)
Boolean (one bit)
Word (N bits)
Code Bag Rescriptor (i bits)

Record V 1 to 8 words
Ordered
hnows own length
Atomic record MOHE
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Source variants
COPY record - preserves it
MOHE record - drains it
COPY 1st word - preserves it
MOHE 1st word - record shorter

Restination variants

Aw Vf Bpl Aw Vf Bfl A Vf Cl

Partial - record remains open
Final - record sealed
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Simple SHIPs

Record store
One or more records
First In First Out (FIFO)
Capacity of FIFO

Single address
Bit bucket
Constants: bERO, TRUE, TOhEN
Random number
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Interfaces

Connect with two MOHEs

Pipeline receiver interface

Pipeline sender interface

Rata arriving here may never be overwritten.
Record may fill the interface, blocking

further input until the interface is ready.

A new record appears here, if available, only after the 
previous record is drained and a fresh token has arrived.
Move instructions may copy or drain data values.

This destination must receive a fresh
token for each new output data value.  

A token appears here after each data input, but
only when the interface is ready for further input. token

data

token

data
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Rw Vf Af   (1)
Rw Vf Bf (2)
Rw Vf Cf (3)

To scatter
mR1, R2, R3n Vf A, B, C
use source seauence

Scatter via source seauence

token

data

token

data

A

BR
token

data

token

data

C
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T    Vf A   (1)
Cw Vf Rf (6)
Bw Vf Rm (4)
Aw Vf Rm (2)
R   Vf B (3)
R   Vf C (5)

To gather
mA, B, Cn Vf R
scatter tokens

Scatter tokens to gather data

token

data

token

data

token

data

token

data

A

B R

T

C
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Uses of records
first wordsecond wordthird wordfourth word

first wordsecond wordthird wordfourth word

first wordsecond wordthird wordfourth word

first wordsecond wordthird word

LSB

read addresswrite addressloop count

MSB carry carrycarry

Horizontal - for multiple precision

Link :VA f BLink i A : BLink :VA f BLink i A : B

Horizontal - for loop variables

Hertical - to compare and select
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Fetch SHIP
Done::t"#en

To the fetch mechanism

CodeBagDesIn::c"'eB)*De,c
<hich::an-

code bag descriptor

do always
length one V unconditional

length two V boolean

length three V choice

do IF BVTRUE

do IF Hf0

do IF BVFALSE

do IF HV0do IF Ho0

first code bag descriptor

first code bag descriptor

second code bag descriptor

second code bag descriptorthird code bag descriptor
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Adder SHIP

first value Asecond value Athird value Afourth value A

first value Bsecond value Bthird value Bfourth value B

first commandsecond commandthird commandfourth command

CommandIn::int
AckComIn::t"#en

DataOut::int
AckAtOut::t"#enrecStore recStore

DataBin::int
AckDataB::t"#en

recStore

DataAin::int

LinkIn::/""0e)n

LinkIn

Link :@ A A BLink B A : BLink B A : BLink B A : B
ACBD

Link:@carry
ACBCLinkD
Link:@carry

ACBCLinkD
Link:@carry

ACBCLinkD
Link:@carry

Link E to 2Link 2 to 3Link 3 to 4LinkOut

LinkOut::/""0e)n

AckDataA::t"#en
recStore

AD
DE

R
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End of Part 3
SHIPs
Asynchronous Switch Fabric
Code Bags

Part 4 - Programming
Pipelines are easy
Close the loop via 
 acknowledge token or
 via next code bag
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reload counter

counter

process A

process B

process C

process R

process E

Token use example
Finish five tasks

done token

cbd in

to fetch

count

5

five processes
go token

cbd out
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sort

stride

to FETCH

code bag desWr

code bag desWr

write
read

read

stride

stride

code bag desWr A

character A in

code bag desWr B

character B in code bag desWr

character out

Merge sort

sort
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sort

stride

write
read

read

stride

stride

token A
character A in

token B
character B in

token
character out

Merge sort

sort
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Seauential machines
Easy seauencing
Painful concurrency

FLEET
Basic concurrency
Seek seauencing from
 pipelines, data flow, or tokens

Programming lessons



UCIES# 2006-is34
14 September 2006Slide 35:  Issues

Master clear
Save and restore
Finding admirable SHIPs

Hardware issues

How to program a FLEET
Using records
Errors and Rebugging
Avoiding Readlock

Software issues


