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Chapter.5 / Dataflow and Multithreading

* Architecture and applications of the HEP muiltiprocessor computer system,
L S ‘ - Burton J. Smith SR l
Deneicor, [_nc?, 14221 E.-4th Avenue, Aurora, Colorado 80011

. Abstract’

R .{‘g"h‘e HEP ‘computer system is. a large scale scientific parallel computer employing shared-

‘fesource MIMD architecture, The hardware and software facilities provided by the system

are described, and techniques- found to be useful in programming the ~system aré  also
discussed. o o _ AR A - T

Ihtroduét,ion

. The HEP compute;;' system1 ig a large scai‘e" ‘scientific 'fp'ara‘lléi, -comp_ut'g}:“ "éilnﬁ'lo_ying

‘modules, an

" faster that 1.25 million instructions per second, and will' exgecute at:

shared-resource MIMD architecture®. In this particular implementation, the processors aré
pipelined to .support many concurrent processes; with each pipeline segment. responsible for
a-different phase of instruction ‘interprétation. ' -Each -processor. has --its-'own program
mémory, deneral purpose registers, and functional units; a number of these .processors: are
connected to sharéd data memory modules by means' of a ‘very high speed .pipelined packet
switcéhing network., = The ‘extensive use of pipelining ‘in conjunction -with: the .shared
resource idea is synergistic ‘in several useful "and important. ways, ‘and’ results in ‘a‘very
flexibldé and effective architecture, ~ For example, the switch used to interconnect i pro—
cessors. and memories. is modular, and’ is designed to allow a given® systemto ‘be  field-
expanded. ~ The increased .mémory access times that result from greatér physical distances

can be compensated for by .using  more processés in each processor because the ‘switch is
pipelined.: T CaR A LT L
The

ypical:wHEP. conflguratl on’ is shown :Ln}? igur.‘_"e'!l 1. T
it~ interconnects four procéssors, four data. memory

switch networ 3
i ‘control .processor, . and: four other I/0 devices.

modules, ar 0
Systems 0! inclyde .as. many.-as-- 16 processors, -128 data memory

: d 1/0 cache modules, - “Each processor performs 10 million: ingtructions per
sedond "(MIPS and “the“switch ‘bandwidth is 10 million 64 -bit words per second in  every
network -link.  Data memory module’ bandwidth is 10 million- 64 bit words per -second, and
ach "I/0. cache supports “sequential or random access T/0.at sustained rates of 32:-million
er ‘Second.” T e g R A

", Thei remainder .of this ‘paper. discusses the haydware and software architecture of: the
system. An overview will be.given.of each of the major components of the_:isys~§eIQ',_,_~fo].--J_.1migd

by. 2 programmer's view of the facilities provided by these components. = - ™ 77,

" processor and data. memory .

~ A simplified -diagram:of the:HEP processor internal ‘organization -is shown in Pigure 2.
The process status word (PSW) contdins’ the program counter. and other ‘state information for
a-HEP process; these PSW's circitlbaté in a control.loop which includes, a, gueue,.an incre-
menter, 'and a pipelined delay. Thé ‘deYay- is such -that- a- particular PSW-cannot .circulate
arcund the control loop any faster than data can-circulate around the data: loop ‘consisting
of register menmoty and the function units. As the program counter.in :a.ekreulating PSW
increments’ to point to successive’ instructions:-in’program-memory, - the function units: are
able to complete”each instruction 'in .time to allow: the ‘next instruction for -that.PSW to be
influenced by -its effects. The contitol® and data loops are pipelined in eight %100 nano-
t ' ‘s dfe “in “the control loop‘ the ‘pro-
" partiedlar procdess cannobexecute
2" lesser rate if

second ‘segments, So that as lond as at “least éight PSW
cessor executes 10 millicn instructions per second.”

more than eight PSW's are in the control loop..

_ 7 r ¢ 1. memor onfigurations
ranging from 32K to 1024K words. . Each instruction in program, memory. is 64 bits  long, and
typically consists of an opcode and three register.-memory-addresses. .. These .addresses can
be modified by the addition of an index value from the PSW.to. allow . reentrant. programming.
The register memory consists of 2048 general purpose 64 bit registers,: augmented. by a 4096
location constant memory. . Constant memory .may only -be modified- by supervisor processes.

The PSW contains a 20 bit program counter o allow . for. program
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One of the functlon un1ts, the scheduler functidon unit (SFU),,xs respon51b1e for iimple-
mentlng load “and ¢ store 1nstructlons ‘to- transmit ‘data ‘bétween register: memory- and .data
memory., When sdch an 1nstructlon ‘is executed, ‘th& ‘SPU sends. .a. switchs message-~packet .
containing a 32 bit data memory address, a -return -address: identifying both processor. and:
proceSs,_and 64 bits of data if a store :instruction' wis .executed.. ~The SFU also removes'
‘the proeess that executed the ‘instruction from the coéntrol loop; and does: not .reinsert. it:
unt11 ‘a response packet is recéived from the:‘switch. . When that response ‘packet. arrives,
‘the SFU writds “the data’ portxon of the respénse in Uthe ‘appropriaté reglster Af 'a load
instruction was executed. ‘In‘order to perform- these functions, "the SFU is.eguipped with a
queue similar to the queue in the control loop of the processor proper, and a process
migrates. freely between these two queues as it’ 1n1tiates and completes data memory refer-

ence 1nstructlons.

L

The varlous functxon un;ts of the HEP- processor support the ‘data - types shown in. Figure
3H' The floatlng point formats are sign-magnitude..and use: g seven bit,: excess 64 hexa—
decimal’ exponent.“ Integer’ formats are twos complement. . The various -precisions for each
data. type are. 1mp1emented by ‘loading™and- storlng part1a1 words:- in-data memory using either
the leftmost, .or’ rightmost . part of _the register. - In addltlon,‘ load -instructions can
specify sign extenslon lnstead of zero exten31on for r1ght 3ustif1ed part1a1 word. load
instructions. : S

The floating. point operatlons 1mp1emented by the processor are - float1ng pOlnt add, sub-
tract, multlply, d1v1de, and floating p01nt ‘compare Instructions that optionally produce
integer 1, Floating polnt ‘1.0, or a 64 bit ‘véctor ofiall 1's as "true" values ‘and. zero as
"false” values. Unnormalized” floatlng point add‘and. subtract vare -also. implemented,- as. are
conver51on 1nstruct10ns between’ floatlng point and irnteger (the "Fortran- ‘functions FLOAT,
INT, and AINT). Integer functlons are add; -subtraect; multiply, arithmetic shift, -and com-
pare. 1nstructlons analogous to ‘thogé’ for floating 901nt.- Both- halves 6f the 128 bit twos
complement product of ‘two 1ntegers are availablei “°Bit’ vector. instructions include -all

sixteen Boolean’ functlons, logical and*circulat: sh1fts, instructions. which. wreturn .the
numeric bit pos1tion of the leftmost "1* or "0" in a register, and instructions which set
or, reset a bit at a3 gzven numerlc p051t10n in a reglster. A ' L P T T

" The control instructlons available- prov1de not only for the loadlng, storlng and modl-
ficat1on of "the executing PSW to ‘implement conditional branches and :subroutine calls,. but
also for ‘the conditional ‘creation and “termination ‘of -processes. These: latter .functions. .
are- performed ‘by ordinary (unpr1v11eged)llnstructxons, and allow the. user to control. the
amount of .concurrency with very low overhead,” A" superv1sor call .instruction -allows -user -
processes to’ create’ supervisor processes, which ‘in “turn may execute pr1v11eged 1nstruc—
tions to- manage the user ‘processes and perform I/0. T e g . N

Cooperatlng parallel processes must have: some way of . synchronlzlng with each other to
allow data sharlnq.f In HEP, this- facility'is prov1ded by associating an access state with
each reglster memory and “data memory ‘locationy -~ In data memory, the access states  are
"full" .and "empty"; a ldad instruction can be'made -to wait until .the addressed locatlon is
"full" and” 1ndlv1sxbly i, e., without’ allow1ng an’ intervening ireference to the location)
set ‘the location  "empty". - Similarly, a stote instruction can wait for "empty" and. then -
set "full" at any locatien in data memorys: -In regxster memory, 4an: iristruction can reguire:
that both sources be "full" and. the destlnatxon "empty", and” then' set’ both sources -"empty”
and- the destination "full®". "To ensure the ‘indivisibility of -this kind of .operation, a
third access state, “reserved”, is set in the. destination register location when the
source data are sent to'the” functlon units,” and only when  the function unit- stores the
result. is the ‘destination set” "full". - No 1nstruction“can-SucceSSfully execute if .any of
the registers itiuses is reserved“ s R e D T s :

A process fa111ng to ‘execute an instruction beécause- of improper. regxster access state
is merely reinserted in the ‘queue with an- uniincremented ‘program counter so that. it will
reattempt the instruction on its’ next turn for- execution. A process: executlng a- load: or
store instruction that fails because of 1mproper data memory access state -is relnserted in.
the SFU gueue and generates a new sw1tch message on its next attempt.

.One simple way to exploit the parallelxsm ava11ab1e in HEP is to run several inde-
pendent programs 31mu1taneously. " To protect independént “programs from each other, .base
and limit registers in .program memory, register memory; and data. memory are .associated
with processes, A set’ of processes hav;ng the -same protection:-domain {the same. .base and
limit register values) is called a task. ~HEP support up to seven user tasks and ‘'seven:
corresponding supervisor ‘tasks in each processor. When a user process executes-:a create.
1nstruct10n, the new process runs in the same task as the: orlglnatlng ‘pProcess; pr1v11eged
instructions’ exist to. allow superv1sors to create processes in any task or to k111 all of
the processes in a task ) : . i B
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- nsists of one or more tasks, normally intended to execute on a like number
g précessors. - The tasks making up a job have disjoint allecations in prggr‘am'and.i:egis-
-gép’ memory, -but an identical allocation in.data memory to allow them to’ share data “and
igynchronize. supervisor calls are used by a process in, one task to create.a process in a
sJifferent- task 'of the same job. When a job.is submitted to the system, the user  specifies
Jthe  ‘maximum number of processes :that will. ever be active .in each ‘task;. . the og_er',at‘ing
systefiionly” loads the -job when it can guarantee that there are enough processes available
in each processor. The maximum number of user .processes supported by a processor is" 50,
.and these may be distributed in any way whatsoever among the seven {or fewer} user tasks.

;. AUHEP-job ~co

© . .. .. . switch

The HEP switch is a synchronous, modular packet switching network <consisting of an
srbitrary number of nodes. ~Each node is connected to -its neighbors (which may be pro-
cessors, data memory modules,. or other nodes) by - three full-duplex ports. ‘Each, node
receives three message packets on- each of its . three ports ev
attempts to’ route “the messages in such a way. that the distance from each message TEGT 1ts
addressed destination is reduced. To accomplish this, each node has. three ‘touting tableés,
ane’ per port, which -are initialized when . the system is .ipitialized. 'The "tables are
indexed by the destination address and contain the identification of the preferred "port
out of which the packet should be sent. S

"When a ‘conflict .for a port -occurs, - the node’ .does not engueue messages; instead, it

routes all messages immediately to output ports. ‘It is the responsibility of the neigh-

bors of the node to make -sure that incorrectly routed messages eventually reach their
correct .destinations. To help accomplish. this, each .message .contains a priority ‘which 'is
initially 1 and is incremented whenever a  message is. routed 'incorrectly. . In .a conflict
between: messages of differing priority, the message with the highest priority is ‘routed
correctly. As .a consequence,- devices connected to. . the sSwitch must, immediately .Teinsert
. arriving messages not addressed to them - in, preference to inserting new messages,

Empty messages are just those of priority zero;ng:d'ppiéritY”messaégs,ddfnot?inéreééé
in priority and always lose conflicts. Also, since the ports of the switch nodes and the
devices c¢onnected to it-are full duplex,. an Eulerian circuit. of. the switch is. guaranteed
to exist. Such an-Euleriam circuit traverses every port exactly once in each dirfection.
Packets with the maximum priority of :15 are sent on -such .an Euletian. circuit, . independént
of destination address, to-ensure that no conflicts. between two of these messages -OCCUE.
When a priority 15 message eventually reaches-its addressed.destination, -it is retogiiized
and removed from the switch in. the normal manner. ..Like the routing table data, the uler-
ian circuit information is loaded into each switch node when the system is initializ d.

Each ‘switeh node checks the parity of the incoming messages, and-also checks that . the
routing it performs is a permutation- of the_ ports. If, a check fails, ‘the switch node
signals the diagnostic and.maintenance subsystem.of the .HEE. ‘that an error ‘has “oécurred.
The failing port or node; or a failed processor oOr. Memory. for that matter, can be removed

. from the system just' by reprogramming the routing tables, to reflect the 'reduced config-

uration. To avoid splitting the system.in half, the graph of the switch must be; at least
biconnected; that is, there must -exist. two disjoint paths from any ‘node to_ any ‘others IE
‘the port connecting a processor -or a memory to. the. switch fails in either direction, the
effect is the same as if the processor. or memory itself fails. P o

The propagation delay. for a message in the switch ig. 50 ‘nanoseconds for ‘each port.
traversed. The pipeline rate is.one .message per 100 nanoseconds per port, To ensure that

message routing conflicts are synchronized, the switch, must be two-colotrable, so’ that
messages conflict at nodes of one color on even multiples of 50 nanoseconds “and "at the
other color:.on.odd multiples. Excepting this constraint,. the graph of the switch ‘is
totally -arbitrary, Adjacent nodes may be separated by up to four meters of 'connecting.
wire: to allow’ a great deal of flexibility in system configuration,. A HEP system may be

field-expanded by adding processors, memories, and, switch nodes up to. the maximum_ allowed.

" 1/0 facilities

' The HEP-High Speed I/0. Subsystem. (HSIOS) ‘fhcludes from _on,é‘:"'ﬂto'._fbur:_ 1/0 "cache moduleés,
each of which serves as a buffer between the switch and 32 I/0’channels. ' Each I/0 channel

can support transfer .rates :up to 2.5 million bytes .per second. . The I/0 cache supports

this: transfer rate by all channels . simultaneously, and can concuryently  fransfer © 80

million .bytes per second via. its switch port for a total bandwidth of 160 million bytes

per-second. . -An I/0 .cache .can range .in, size from: 8 million . to 128 million byt

- midlion -byte increments, so that the maximum .amount of I/0 cache memory. implementable
- single HEP system is 512 million bytes. "~The reason £ .
allow a large page size to be. used in conjunction with a large numbér of disks or’ tapes.

The large page size (40 kilobytes nominal} means that mechanical delays can be made

every 100 nanoseconds, and’

or this large amount of memory is 'to
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“insignificant compared to data transfer .times -to increase channel utilization, and  the’
‘large number of channels allows data :to be distributed across many disks to provide  high
“L/0 bandwidth -through the use of parallelism. . The distribution of data is provided for “by
interleaving ‘logical records among: ‘many files, one file per..disk, and is accomplished rnot
‘by the file system itself but by the library I/0 routines. that Lhe user calls, In this
way, the managemeiit of distributed.data is entirely under the user's control, allowing him
to exchange réliability for speed as: required. by his application. Lo

The I/0 chafinels are controlled by an I/O control processor (IOCP). The IOCP is inter-
rupted both by the channels, when I/0 operations are:.completed, and by argpivals of switch
messages from supervisor processes running inm-the processors. The function: of the IOCP is
‘to schedule thé:I/0 requests from the supervisors on:the channels. .To a  supervisor, | the
IOCP-switch interface appears. as a'sequencde of .special memory.locations in the data memory
address . space, and an I/0 request is made by storing the reguest at one of these special
locations. When the switch message arrives -at the IOCP-switch interface, the IOCP ser-
vieces the interrupt by acquiring the message from the interface and enqueueing it inter-
nally on a queue served by the I/O. channel- that was requested. :When.the request reaches
the head of thé queue, it 'is serviced; on: completion, a - response mesgage - is loaded into
the switch ‘interface- and sent back to- the ‘processor from which the. request came, ' The !
‘effect seen by the supervisor ‘process itself is extremely simple; a page I/0 request was
made’ and completed by executing a-store :instruction.” The fact that the store instruction i
may have taken several milliseconds.to execute -has .no effect on the performance of the :
processor if enough processes: remain in the control. loop. . o

when a file is opened, - the number of cache.frames allocated to. the file may, be .speci-
fied as a parameter (the default quantity is 2). Another parameter specifies the sequen- !
tial direction {forward or backward). 2all data transfer instructions perform sequential :
I/0 in the specified direction, and the supervisor handling the requests attempts to *read
_ ahead" and "write behind" the pages surrounding the current file position. To accomplish
‘random I/0, a-separate command :is implemented to allow the current file ,position to be :
changed: - This ‘feature' allows wcaching of -data to proceed concurrently with user !
processing. . . :

A HEP file consists of a header page and-zero or more data pages. The header is kept ' ]
in the I/O cache as long.as the file is open, and contains either the data itself or pairs ¢
of ‘pointers to ‘the disk- locations of the .data pages. and: the cache . frames holding those
pages, if any. " Since all pages-are the same size, both disk and cache space allocation C
‘are performed using bit tables and are extremely fast; ' this is an important consideration

when a large number of supervisor processes are all attempting to allocate . space in par—-
allel. To the user, a file appears to be a randomly addressable sequence of records or
words, and there are no "access methods®™ provided by the file system itself. .

* ' When a user process ‘executes -a supervisor call to.perform 1/0, the supervisor process - i
first computes the page or pages containing:the :data. from:the current file position and i
from the amount of data to: be transferred. It then verifies that those pages are in the
‘cache, requesting them, from the IOCP as necessary. :-Next, it transfers the data between
the cache ‘and the user's buffer,: and changes the current file position . based on . the
sequential direction (forward or backward). Finally, the supervisor schedules page "write :
behind™ and "read ahead™ with the IOCP as required,  and returns to the user without wait- ;
ing for ‘the IOCP. If a page was never modified, it is not written on the disk by ‘“write
behind". ' Moreover, a reference count .is maintained for each cached page and for the file
as a whole to allow a file to be multiply opened by -a large number of processes. -A page
is actually uncached only when its reference count is zero, and . the file header itself is
incached when the file reference count is zero. : .

Fortran extensions

Two kinds of -extensions were -added to HEP Fortran to allow the programmer to write
explicit parallel algorithms.. -The first class of extensions allows parallel process. cre-
ation, In HEP Fortran, -a CREATE .statement, syntactically similar to a CALL, causes a sub-
routine to run in parallel with its creator. The RESUME statement, syntactically like
RETURN, causes the caller of a subroutine to resume execution in parallel with the sub-
routine. If a subroutine was CREATEd, a RESUME has no effect, and a RETURN causes the
termination of the process executing the subroutine if the subroutine was CREATEd or if it
previously executed a RESUME, . : - S

Theé second extension allows the programmer to use the access states provided by the HEP
hardware, Any variable whose name begins with the character "$" is .called an asynchronous
variable, and. has the property that an evaluation of the variable waits until the assoc—
jiated location is "full" and sets it "empty" while fetching its value., An assignment to
the variable waits until the variable is "empty” and then sets it "full® while storing the
new value. A PURGE statement is used to unconditionally set the access state to *empty”.
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,Hﬁﬁ'?bttran*generates-fUIly:reentrant ¢ode, and - dyhamically allocates registers and
-al variables in data mémory as required by the program. For example, it is often. use-
‘0. place 'a CREATE statement in a loop so  that several parallel processes will execute
¢4l programg ori different local data.. An example -is.shown in Figure -4; .in this
*ins ce, Ehe‘p;dgramfbréateS'NPRQCS-T processes all executing subroutine 5, and then
“itself exécutes the subroutine S by catling it, with the result that NPROCS -processes are
ultimately executing S. The parameter $IP is used here to. identify each process uniquely.
-~ gince parameter addresses rather that values are passed, $IP is asynchronous and is filled
B e creating program and emptied -withinm S. This prevents :the creating program from
“cHanging the value of $TIP until's has made a copy. of it. .The asynchronous variable SNP is
ged “to record the number of processes executing S. When .S is finished, $NP is decre-
“nented, and when the creating program discovers that $NP has reached zero, all NPROCS
%pfdgéhses have completed execution’ of S ‘(excepting possibly the RETURN . statement).

' BEP programming

fhe facilities provided by the HEP hardware and. software are.. clearly well suited- to
‘pipelining as a means of parallel algorithm implementation. The access -states ."full” .and
‘mempty™ can be viewed as-a mechanism for passing messages between processes using single-
‘word queunes. It is ‘alsd clear that a location can be used to.implement a critigal section
merely by requiring processes to . empty  the location upon .entry and. £ill it upon exit.
‘Other common syrnchronization mechanisms can be implemented using - similar. techiques. ‘Pro-
cesses can be dynamically initiated and terminated -to avoid busy waiting.. - i

One fregitently occurring situation. in parallel  programming involves the computation of
recurrences of the form ' < S e : o

oo X Xop X

‘'where op is commutative and:associative and Y does not depend. on X.. One example occurs in
‘the use of $NP' in Figure 4; anothe¥ obvious example. is vector inner product. The: diffi-~
culties with merely writing : . poe

are twofold. First, all'prOCESSes‘afé'competing:for“acceéé to $X and interfere with‘gach
‘otheri second; ‘thé:final value Of SX.often must be-made available to. the. various processes
in -some independent way,: perhaps involving .another recurrence: similar.- to - the. recurreance
for $NP in Figure ‘4.- T T PR T o L e e

One attractive methéd which avoids these. difficulties requires- log P-locations for each
of the P processes. The method simultaneously computes the final value of X and broad-
casts it to the P processes “in ‘time. 0(log P). -The -idea .is to implement an. appropriate
interconnection network:{in software) "that has_ the. reguired computational property at each
element. - In'this case, the property reéquired is that' the two, identical .element outputs.be
‘the 'result of "applying-op’ to the two inputs.. .One: BEP Fortan_ program. to..accomplish this
task is shown in Figure 5 with op'="+ and with a’Staran flip-netwérk3iinterconnectiop; s

 Notice that since the finction used to compute K from I. is always -a bijection, there is
no” conflict for the elements of $A by the processes., ~That is, only.one process is at—
tempting to £ill "4 given ‘location in $A and only one process. is -attempting to empty - it.
Overtaking by processes 1sihbt'possib1e~because of. ‘this: fact.  In .addition, the same array
$A can be ‘reused immediately to perform: a different function (e g., global minimum) as
long as the same network topology is used. Analogous techniques, sometimes:. requiring
other network topologies, can be used to permute the elements of X, to sort X, to perform
fast Fourier transforms, and so forth. - . - : : :

“*“Another important HEP programming technique allows processes’ to schedule- themselves.
In the sfmplgst'éaée,-ﬁ”humber“offkbfally independent computationzl steps :is -to be’per-
formed that significantly exceeds :the number of  prodesses -available; moreover, :the.exe-
cution'time—of-thé_steps“may*befﬁidély“ﬁérying. . The self-scheduling idea is to allow.each
brocess-to agquire the next computational step dynamically:when it.finishes.the previous
one. ' In a more ‘complex situation involving . dependenciés and priorities, the processes
might perform a signifidant -amount of computation- in scheduling- themselves, but:.. n.:most
cases the method is ‘quite efficient. Figure 6 shows an example’of -an ordinary DO loop in
 which all iterations are presumed independent; Figure 7 is a parallel version of Figure 6
which "uses self-scheduling.- One-of the:most attractive benefits .of -self-scheduling a-loop
i thiat there is no -need’to worry about poor: process utilization resulting from an. unsat~

lsfactorya priori schedule. v
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Conclusions

The  HEP computer SYStEN represents a unigue and very: flex;ble archxtecture. First,
its modularity is exceptxonalhlven for-an- MIMD computer. Second, the availability of a
“very hnatural synchrcn;zatlon prlmltlve at every memory locatiorallows the_prograymer‘a
large amount of freedom 'in~-developing parallel algorithms. —..Finally; a mechanism 1is
provided to allow, the user to control the number of processes dynamlcally in order to take
advantage of varying amounts of parallelism in a problem.,
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BY THE SUM :OF THE ELEMENTS OF X "™ == =™

_..USING THE INITIALLY EMPTY": ARRAY . $A.-~

10

o o0 o -

10

THE “PROCESS "IDENTIFER IS I. . -
:'DIHENSION
~JPOW =

S DO-10 & .= 1,L . ' e

. COMPUTE THE PRDCESS K -,(1-1) £XOR(JPOW/2)+1
"'WITH WHICH THIS PROCESS. WILL .EXCHANGE DATA .
“K = ({I~1)/JPOW)*JPOW + MOD . (I 1_+'JP :
©JPOW = JPOW*2 '
'NOW EXCHANGE DATA AND ACCUMULATE "
SA(R,J) = X(I} . g

P = 2**L PROCESSES EXECUIE THIS: Paocﬁan...'

__(P). A(P,L)..

JPOW - IS-: 2 TO. THE .J POWER e

X1y = x(I) +- $A(I )
CQNT;NUE

DO 10 I=24J, K, L

-
.-

- CONTINUE
_Figure 6. A DO loop
L PURGEVSIV ' AT '
SIV =
"CREATE - ANY NUMBER OF PROCESSES EXECUTING
LT o=uSIV

THIS PROCESS HAS SEIZED AN ITERATION INDEX
LET ANOTHER PROCESS OBTAIN THE NEXT INDEX
$IV = I + L

PERMINATE -1F “THROUGH

IF (I .GT. K) RETURN
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2,JPOW)+1f-"

1Bl Smith

_Figure.4. HEP Fortran, example

- “pigure 5. Summation by network simulation

Figure 7. A& self-scheduled loop




