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1. Introduction 

DADO [Stolfo ud Shaw 82; Stollo 821 iJ a Cine-grain parallel compu~r designed 
speclfically foe the rapid execution 01 Artilicial Inulligence (AI) software. Two 
software systecu are presently under denlopment for DADO which implement two 
language (acilities supporting the high-speed execution of Production Systems (PS) 
and Logic Pro gr anu: 

• Herbal (named in honor of Herbert Simon and Allen Newell, inventors of 
the AI PS paradigm) i.s similar in style to OPS [Forgy 821 . 

• LPS (a Logic Programming System) i5 similar in syntactic style to 
Prolog. 

For a number 01 yean we have studied a variety 01 machine model" to determine a 
suitable (and relatinly inexpensive to realize in hardware) parallel machine 
organization for th~ two application domains. A number 01 algorithms' have ~n 
studied which were designed to capture the inherent parallelism in a wide range 01 
PS and Logic Programming applications. These algorithms led to the current model 
of the machine, to be described shortly. 

A prototype machine, which we call DAD01, has b~n operational at Columbia 
UniversIty SInce Apnl 1983. DADO 1 consists of 15 commercially available 
microprocessors each associated with a single random access memory chip. These 15 
processing elements (PEs), interconnected as a complete blnary tree, serve as a 
testbed for the development of software for a larger prototype. The larger DADOe 
machine WlIl comprise 1023 PEs and 13 expected to be comple~d withlD two years. 
The reader is encouraged to see [Stolfo 831 (or detalls concerning the hardware 
implementation of DADO, and the ratlOnale for its design. 

In the present paper we describe PPL/M, which IS the first system level 
programmIng language implemented for DADO PPL/M was rapidly developed USlDg 
a number of commerpally aVailable compiler systems. The PPL/M language, as 
defined in subsequent sections, served to test our Ideas and cla.nfy our thlDking 
about programming the machine. Our expenment has been successful. A SImple PS 
interpreter has been wntten in PPLfM and demonstrated on DADO 

The PPL/M ex~riment ha.s also helped consIderably towards IdentI!ymg a SUItable 
LISP-based programmIng language for DADO wtuch provides a more conveDlent 
enV1ronment for AI programming. In [Weisberg 841 we report on the current status 
of the IIPSL (Parallel Portable Standard Lisp) Implementation and :dent:iy those 
aspects of the language derived from PPLfM. For the present paper we descnbe 
only PPLfM. We beglD w1th a bnef overview of the DADO machlOe archltecture. 

PPLfM: The System Level Language for Programming the DADO Machine 
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2. The DADO Machine Architecture 

The power and num~r of proce!Sing elements expected to appear 1n a full scale 
vernon of the machine are topics of ongoing experimental research; however, it is 
expected that many thoU!ands of proce!SOrs each capable of effic1ently executing 
algorithms of significant complexity (e.g., unification, pattern matching, etc) will be 
used. The PE's are interconnected to form a eompl~t~ bin4ry tnt. 

Within the DADO machine, each PE is capable of executing in either of two 
modes. In the first, which we will call SIMD mode (for single instruction stream, 
multiple data stream [Flynn i21), the PE executes instructions broadcast by some 
ancestor PE within the tree. 

In the second, which will be referred to as MIMD mode {(or multiple instruction 
stream, multiple data stream), each PE executes i~ructions stored in its own local 
RA.\{, independently of the other PE's. A connntional hod ~euor, adjacent to 
the root of the DADO tree, controls the operation of the entire ensemble of PE's. 

When a DADO PE enters MIMD mode, its logical state is changed in such a way 
~ to effectively "disconnect" it and its descendants from all higher-level PE's in 
the tree. III partIcular, a PE in MThID mode does not receive any instructioD3 that 
might be placed on the tree-structured communication bus by one of its ancestors. 
Such a PE may, however, broadcast instructions to be executed by Its own 
descendants, prOVIding these descendants bave themselves been switched to SIMD 
mode. 

Tbe DADO machine can thus be configured in such a way that an arbitrary 
Internal node in the tree acts as the root of a tree-structured SrMD device in which 
all PE's execute a single instruction (on different data) at a gIven POlDt In time. 
ThiS fleXIble architectural design supports the logical division of the maclune lDto 
dlstlDct partItions each executing a distinct task. This IS called multlple-S~ID 

(~1S~ID) operation. 

Details concerning tbe specllic hardware deSign of the machine are beyond the scope 
of till! paper. We focus bere upon the execution semantics of a DADO PE, as 
defined above, and detaJl tbe language constructs implementlDg tbe var10US modes of 
operation. Speciftcally, PPLfM prOVides: 

• Constructs speclfYlDg SIMD mode of computa.tlon. WhIle In SIMD mode, 
a PE may be: 

o enabltd, in which case it WIll receive an instruction from Its parent, 
send tbe instruction to its two cblldren, execute the instruction, and 
continuously repeat these steps. 

o di,abled, in which case It repeatedly receives a.n IIlstructIon from Its 
parent, and sends it to the children without executing it. 

PPL/~f: The System Level Language for Programming the DADO ~fachine 
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• Constructs specuying MIMD mode of computation, in which the processor 
execuMi instructions from its local RAM. 

• Global comm unication in.structions: 

o Br04tUtul, to ~nd data from a MIMD mode processor down the 
tree to ita SIMD mode descendants 

o Rtporl, to ~nd data from one designated SIMD mode proce!!Or up 
the tree to the MIMD mode root 

• Send and Rtev, to provide tree neighbor communication between 
physically adj~ent pnxessors 

o &,oIw, to select one prexesaor from a collection of distinguished 
processors. 

It is convenient to think of the host. as the root of the DADO tree, which always 
executes a.s a MIMD mode PE. Thus, in the following, when we refer to a MIMD 
mode PE our comments also apply to the host prexesJr. All of the PPLfM system 
is resident in the host. PPL{M programs, though, can be executed by the host and 
by any PE of DADO. Facilities resident in the host. manage the loading of the 
tree. 

The PPLfM language provides a precompiler and a software kernel to support these 
operatlOns. 

PPL/M: The System Level Language for Programming the DADO ~achine 
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3. PPL/M: Parallel PL/M 

Herbal u&- LPS an. desiped u nry high level ~r applic~tion languages for 
DADO. Consequently, the view of DADO as a massively parallel binary tree
structured machine is nearly trall!parent within these programming formalisms. Both 
are to be implemented in PPL!M or the ciOS4!ly related IIPSL language. Thus, in 
order to m uimi:e performance, PPL/M proVldes COIl!tructs that directly access the 
DADO machine structure. Therefore, PPL/M may be viewed as a rather low-level 
parallel programmIng language, swtable for tree-structured machines. 

PPL/M is a superset of the PL/M language [Intel 821. &fore detailing the syntax 
and semantics of PPLfM, we begin with a brief introduction to PL/M. 

PL/M is a high-level language designed by Intel Corporation as the host 
programming environment for applications using the full range of Intel 
microcomputer and microcontroller chips. Some of PL/M's salient characteristiC! 
include: 

• block structure, employing several forms of the PL/l DO statement, 
• a full range of data structure !litles including arrays, structures and 

pointer-based dynamIc varIables 
• "strong typing" factlitles (thus, data and subroutine definition statement" 

are provIded) 
• a statement-oriented syntactic structure 
• all da.ta IS eIther of type BIT, BYTE or WORD (2 bytes). 

A PLjM program is constructed from blocks of a.ssociated statements, delimited by 
either a DO or PROCEDURE statement, and a termInating END statement. As 1.3 

tYPical of a. block oriented language, nestlOg is permltted follOWing the usual 
conventIOns for variable scoping. 

We Will descnbe each of the executable sta.tements bnefly in turn. (In the 
followlOg defiOltlons, symbols appea.nng WithIn the bounds of square bra.ckets[ I lIe 
optional, whereas sym bois appearing Within set brackets {} are alternates.) 

A..uignmtnt ,tatement 
141nt1f11r [.14Int1f1Ir)· = exprlss1on; 

The expression follows the usual conventions with the added proviSion o( implicit 
type conversion between BYTE and WORD data. ImpliCIt conversIon of BIT data 
l.S prohibited. (Refer to the section on data structures in the PL/M manu-at-t 
~ultiple assignment IS unpredlctable if a varIable appears on both Sides of the 
assignment operator 

IF 8tatement 

PPL/M: The System ~vel Language for Programming the DADO Machine 
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The relaticaal expnEoQ provides the full range of logical and relational operators, 
resulting in it n.lue 01 ty~ BIT. 

Simple DO 114ttmeftt 
(label:] 00: 

.ta tea .. ~-O ; 

The statement may be a data definition whose sco~ 15 defined by the bounds of 
the block. 

Iterativt DO 1t4ttment 
00 counter = .tart-'xpr ••• 1on TO 11.1~-.xpr ••• 1on 

(BY .ttp-'xpr ••• 1on]; 
.tate.n~-O; 

Each expression is evaluated ooce pnor to the loop, while the termlDation test 15 

performed on each entry into the loop. 

DO WHILE statement 
DO WHILE r.lat1onal-'xpr.s.1on; 
st&tllI.nt-O; 

statlll.at-a; 
END; 

The relatIOnal-expression must result in a value of type BIT. 

DO CASE statement 
00 CASE .tltct-txprt •• 1on; 

state.ent-O; 

st&tI.ent,-n; 
elm; 

The select-expres~!1on must Yleld a BYTE or WORD value, which 15 used to select a 
single statement Cor execution. Eighty-four cases is the maxlmum allowable number 
U the select-expressIon is out of range, results are unpredictable. 

CALL statement 
CALL naa.(para.tttr 11.t)]; 
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The name must be the name of all untyped procedure. Indirect calling IS possible 
by s~cLfyin& the address operator defined below. 

De/initiOfl ,t4UmeftU 
label-a .. e: atate.ent; 

Labels are defined by use and are subject to the same SCOplng rules as variables. 

Explicit declaration and typing ~ done primarily with the declare statement. 
DECLARE Yar1abl. [(a1a«le array 41 •• na10n)] type; 
DECLARE (Yar1abl. 11atl type; 

The type of variable may be: 

• BIT 

• BYTi: 
• WOR.D 
• STRUCTURE (Yarlabll type (.~labl. type1) 
• <aIT BYTE WORD} BASED n.r1&blt 

Strings and constants can be manipulated by operating on memory referenced 
lQdirectly through based variables and pOlnters. For example, 

DECl.ARE p tr WORD; 
DECl.ARE strlng(e4) BYTE BASED ptr; 

Any reference to at-r1ns wIll use the current WORD value stored in the van able 
ptr as the base address. Based varIables used in conjUnctIon With the dot operator 
perform all of the lndlrect addresslDg capabllitles of a high level language. 

The dot (.) operator 
. nrlatlll 

This operator returns the address locatIOn (a value of type WORD) of variable. It 
Cln also be used W1th constant lists as for ~xample: 

. ('ABC') 

The dot operator serves the dual purpose of structure varIable qualificatIOn. U % IS 

of type structure WIth subcomponents 1 and %, each component 13 referenced by %·1 

lnd %. z. 

Procedure de/inition6 
o.a.: PROCEDURE (pUutt.T l1st.)] (tnt]; 

st.at ••• nt-O; 

stat.ant-n; 
END nUlt; 

Typical conventions are used Wlth type conversion of arguments. Untyped 
procedures are CALLed, whlle typed procedures are referred to Wlthln expreSSIOns as 
a fUDction call. 

PPL/~f: The System Level Language (or Programmlng the DADO ~fachln~ ---------



p 
7 

3.1 Parallel Processing Primitives of the PPLjM Language 

Many of the de!ign choices made in the definition of PPL/M were influenced by 
the methods employed in specifying parallel computation in the GL yp~ [Lowne 
75} langua&' implementation for the ILLlAC IV processor. PPLjM provides two 
syntactic co~tructa and ten primitive functions which significantly enhance the 
PL/M language. These allow specification of parallelism, commUDlcatlon betw~n 
processors, and selection of particular P&'o 

The first construct ror programming the SIMD mode of operation of DADO is the 
SLICE attribute. Tha defines a variable or procedure that will be stored at the 
same location in each PE. A SLICEd variable may be viewed as a vector which 
can be operated upon in parallel. SLICEd procedures are automatically loaded and 
stored at the same location Wlthin each PE. 

The second addition is a syntactic construct, the DO SIMD block. This delimits 
the parallel instruction sequences which are executed by SIMD-enabled PE's. These 
blocks are translated into PL/M by the PPL/M precompiler. 

The PPL/M language software allows users to employ all parallel processing 
pnmitives. The compiler generates the synchronization and communication primitives 
3S calls to kernel software. 

3.1.1 The Slice Attribute 

The SLICE declaration IS a mechanism to guarantee that identically named objects 
(vartables and procedures) reside at the same location In all processors. Before a 
vanable is used in a DO SIMD block, the programmer must declare it to have the 
SLICE attnbute. The precompiler restncts SLICE procedures to address only 
SLICEd vanables. This allows the rapid execution of the SIMD instructlOn stream, 
sIDce instructlOns do not require address modification before they are executed. For 
example. 

DECLARE ~ar1&bl'(('1DS1. &rT~1 d1.tD81oD)] typt SLICE; 
nut: PROCEDURE((parUltt.tr l1st)] (typt] SLICE; 

3.1.2 The DO SIMD Block 

A.n assignment of a value to a SLICE variable causes the data transfer to occur 
concurrently Wlthin each enabled SIMD PE, and must be wntten WithIn the scope 
of a DO SIMD block. The expression on the nght hand side (rbs) of an assignment 
sta.tement IS evaluated concurrently Within all enabled descendants. Each evaluatlon 
utilizes the local store of the PE in WhICh It IS performed. Speclfically, a constant 
appearing on the nght hand side is assigned to the leCt hand side vanable, and all 
rhs expressions are evaluated independently of other PEs. 

PPL/M: The System ~vel Language for Programming the DADO ~fachine 
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Invocation of a SLICE procedure occurs when the PLfM CALL statement is written 
within the scope of a DO SIMD block. It re!u1ts In the concurrent transfer of 
control withil1 each SlMD enabled PE. This senes two pur~. First, all PL/M 
statements may occur within a SLICE procedure, whereas only a subset o( PL/M i.s 
allowable WIthin a DO SIMD block (a.s described below). S~cond, repeated code 
sequences can be wntt.en once a.s a subroutine and invoked (rom several blocD. 

In general, invoked SLICEd procedures may require different amounts of time In 
distinct PEs. Consequently synchronization is implicitly enforced during execution o( 
communication primitives, and is directly supported by the hardware. ThU!, 
execution o( the instructioD!! which (ol1ow a primitive will not proceed until all 
SIMD PEs terminate the execution of the operation. 

The complete syntax is: 

00 snm: 
r-st.&r. .. nt.-O; 

r-st.&t.llltUt.-I1; 
END; -

The r-statement is restricted to be either 
• an assignment statement incorporating onlJl SLICE VGriable~ and 
con8tant~ or 

• a call to a subroutine that has been declared to be of type SLICE. 
• a call to a system level subroutine. 

For example, the statements 
DO SIMI>; 

X=5; 
END; 

where x IS of type BYTE SLICE, will assign the value 5 to each occurrence of x 10 

every SL\ID enable PE. The statements 
DO SIMI>; 

X=2-X.l 
END; 

Will update the value of x In the SIMD enabled processors by operating upon the 
value willch reSides In each processor. 

A non-SLICE variable may appear Within an r-statement only as an argument to 
the BROADCAST function (to be defined shortly). The BROADCAST function 
prOVides the means to communicate data used by a. PE in ~fThID mode to 
descendant PEs executing In SIMD mode. In the followmg example, KVAJ.. LS any 
vanable, and SIMDVAR LS any Variable With the SLICE attrIbute. 

DO snm; 
CALl. BROADCAST (KVAJ..) ; 
SIMDVAR=AB ; 
X=2-X.SIMDVAR; 

END; -

PPLr..t The System Level Language (or Programming the DADO ~achine 
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This will updau the value of X in each PE by adding the root value of MVAa 

(broadca.si to t~. loe* SUCEd 'fariable AS, discusaed below) to twice the local X 
value. .... . '.;. 

3.1.3 Added Built.-in Comm unicatioll Primitives 

The following is a detailed description of the communication pnmltlve!, which are 
invoked wIth the PL/M CAlJ. statement. The communication primitives in DADOI 
are implemented in .software. They are being implemented in hardware for the 
larger DADOt machine. 

The primitive communication operations use the following u.ser accessible variables 
to specuy the status of the parallel operations. These variables are resident III all 
PEs as SLICEd variables, although use of CPIBYTE and CPU is restricted to MIMD 
mode processors. 

• E:--l1. (boolean). When ~t to trut the SIMD processor is enabled, and set 
to lallt to disable the processor. 

• Al. (boolean). Prior to the resolve operation, the SIMD processors which 
.ue to participate in the operation set this bit. The resolve operation' will 
leave thLS bit set in only one processor. 

• CPRBYTE. (byte). Receive! data which is transmitted up the tree from 
a smgle enabled SIMD PE to the MIMD mode PE LSSuing the REPORT 
prImltlve. 

• CPRR. (boolean). Receiv~ the status of the resolve operation. 
• 108. (byte). Provides the data to be transmitted to other processors. 
• A8. (byte). Recelves data which is transmitted from other processors, by 

the BROADCAST, SEND and RECV pnmitives. 

A PE may 'disable itself by transferring a 0 into its ENl regISter using an ordinary 
assignment statement. In a typical application, the contents of ENl Wlll be set to 
the result of some boolean test pnor to the execution of such a store lOstructlon, 
resultlOg In the selective disabling of all PEs for whlch the test falls. ThiS 
technlque supports the "conditional" executlon of a particular code sequence. 
Following the execution of such a sequence, an EJUBL.E Instruction IS issued to 
"awaken" all disabled PEs. In combination with approprIate register, transfer and 
logical operations, this approach may be used to Implement more complex 
conditionals, including nested "IF-THEH-ELSE" constructs embedded WithIn a DO 
SIMD block. 

The primltive communication operations Will now be deSCrIbed. (The PPL/M syntax 
IS lDdicated in bold~ace.) All operations may be Viewed as being lSSued by a ~1L\ID 
mode PE, With the entire tree of SIMD mode descendants partlclpatIng ID the 
operation. 

PPL/M: The System Level Language ror Programming the DADO Machine 
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CaJl RESOLVE 
RESOLVE w the basic operation to control information now to the top of the 
trM'; .-. Ii· seleda at mOlt one PE from a candida~ set, and indicates to the 
MIMI) mode PE whether a PE was ch~n. 

The candida~ set. consi!ta of PEa with Al=1. PEs with A1=O are ignored. 
A!~r execution of this instruction the first. PE encountered in an inorder 
traversal, whose Al nag is set, is considered the winning PE. The A1 flag in 
tlus PE remains set to 1, while all other PEs have their A1 bit set to zero. 
The control processor's CPU bit indicates the status of the operation: 1 
indicates that a PE was selected. CPU Will ~ set to 0 only ii all PEs had 
AI=O before the RESOLVE_ No PEs are enabled or disabled by this routine. 

In applications where several PEs must be identified (for example, if all ties 
are to be examIned) the A1 bits are stored in a local save-area before the 
resolve operation. Alter the resolve operation, by execution of an instruction to 
move the contents of Al to Elft, only one processor will remain enabled. 

The single enabled PE may now store a 0 into the save-area of the Al bit. 
The tree is re-enabled and the Al is restored from the save-area. This 
technique is used Iteratively to enumerate each member of the candidate set 
until CPU is zero. For example: 

DO snm; 
C.AU. ENABLE; 
AI=800LEAN(SoaeT,.t); 

END; 

b •• ,ieJI, ... .;J. pr.~ •• " 
S .. • , jfli,ial ~~ili .. 

DO snm: 
C.AU. ENABLE; 
S&Y1Valu,=Al: 
C.AU. RESOLVE; 
ENl=Al; 
SaYlValut=O: 
CAl..l. Proc ... ; 

END: 

R_.;J • ....".,.. wtl .... ,u'", 
S ... , •• .4J W 
Fi,,~ ..... "".,. 
1'1", ./1 ftW7C.i", ... 
e"UJu. pr.e .... r In ... •• "JiJ.,. ,1$ 

EaMlu. pr.eu .. r "_" • ...... ".ry •• J. 

The RESOL.VE instruction may al.so be used to prOVide the control processor 
wlth a binary completion code. As shown below, th13 programmlOg techDlque 
allows PEs to receive and operate upon data as long as one PE remaIns 
enabled. The following code sequence Illustrates a method by whIch a 
candIdate set of values may be commuDlcated to all processors (by the 
GttHen81114111S routlOe), and then used 10 a ma.tch proce~ (by the OoMatc!l 
routIne). This process contInues until the OoMatcl1 routine stores 0 Into on 

~rt=l ; 
DO WHILE ~rt; 

DO SIKD; 
Call GetHtrtS11141ng; ~.'tI "'.r9 ',,/.rm"' .. /.r .... Ie .... '. 
Call DoMatcl1; nil .,.u Ji .. bl, : •• pro ..... r cAm ..... ,d / .. ."L 
Call R •• oll't; r"u C ... er04 Pr ...... r cAm tJJ ~.e" .. " .,.. ;.,..c. 

END: 
lIIort=CPM; CPRR WI'iJl •• I~. '/ .", PE, c ... e I. '''' pr.euri .. ,. 

END: 

PPL/~i: The System Level Language (or ProgrammIng the DADO Ma.chIne 
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Call REPORT 
The rqorl routine tran.!iers data from descendant PEs up the tree to the 
MIMD ~ PE. The value in the AI register of an enabled descendant PE l-' 

written into the CPUYTE of the root processor. If more than one descendant i" 
enabled, then the lowest num~red PE (according to tree-inorder traversal) i.! 
used to re!Olve the conflict. This conflict resolution does not reqUll'e any 
additional time, but i.! actually a byproduct of the way the DADO clrcuitry 13 

designed. 

The following i" an example of transferring a single byte to the root: 
00 snm: 

A.8=S1ad Vv; 
CAl.J.. R. pcn. : 

END; 
"1.d_var=Cpr~.; 

CaJl .BROADCAST( < byte> ) 
This is the primary mechanism for downward communication in the tree. The 
argument of BllOADCAST IS placed on the broadcast bus and is stored into the 
AS register of SIMD enabled processors in the subtree. If some descendant PE 
is in MIMD mode, that PE as well as its entire set of descendants will not 
receive the oyte, smce they execute instructions independently of their 
ancestors. 

Call SEND( < neigh bor-PE > ) 
The SEND and R.ECV lOstructions Implement tree neighbor commUOlcatlon. They 
have been found of infrequent, though important, usage in the algOrIthms 
wrItten to date, and consequently are implemented in firmware in both the 
DADOl and DAD02 machines. 

The instruction sends the contents of the AS byte into the IDa byte of the 
deSignated net"ghbor. The neighbor may be any of the followlng: 

LC left tree chIld 
RC nght tree chIld 

A PE IS not permitted to SE:"ID to Its parent SInce the semantics would be 
undefined If two descenc -:nts of a PE attempted to SE~1) Simultaneously 

Call RECV( <neighbor-PE» 
This routme receives the value of a. neighbor PE The A8 byte of the 
onglOator PE receives the value of the IDa byte of the neighbor Th~ 
neighbors may be deSignated as: 

LC left tree child 
RC nght tree child 
P parent node 

\Ve Illustrate thIS lOstructlcn With the folloWlOS code sequence t.o mark lnd 
label each level of the machlOe. 

PPL/~: The System Level Language for ProgrammIng the DADO MachIne 
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5tnf ft4,., .,... 
s ... . ."..,.., .• 4_ • I .... 
Ru.i .. .... ."..,...,., .• 

Call MIMD( < addreu > ) 
This instruction is used to partition the tree into independently executing 
subtrees. The address specified in the instruction is broadcast down the tree. 
The SIMD enabled PEs then lOgically disconnect themselves and enter MIMD 
mode. 

Alter disconnection from their parents, the MlMD PE! begin execution of code 
stored In their local RAMs. The address given as the actual parameter to the 
CAll KIKD mstructlon is the address of the procedure to be activated in each 
PE. Any SIMD-disabled processors become descendants of their nearest :\{L\ID 
mode ancestor. 

The :\ffi.m mode of operation is terminated in two phases, which may be 
performed in any order. To describe this process we introduce the following 
vocabulary. Pnor to the operation there was one root to the tree; this is 
called the originator node. Subsequent to the operation there may be many 
disconn-ected Ml1-ID processors; these are called roots of mimd 8ubtree~. 

The processors return to SIMD-disable state as soon as the two conditions are 
satisfied: 

1 Each root of a mlmd subtree calls the EXIT routine to IOdicate It IS 

prepared to return to SDvID dtsabled state. 
2. The ongmator node calls the SYNC routIne to r~store the logical 

state and reconnect the c htldre n. 

Call EXIT 
ThlS routIne IS executed by the roo~ of mlmd subtrees when they need to 
reconnect to the tree. The subtree I.S placed mto SI1ID disabled state, and the 
reconnectlon Will complete when the parent of the new tree completes Its call 
to SYNC. Alter completion of the sequence, the PE Will resume participation 
1D all commUDlcatlon pnmltlves. 

PPL/\i: The System Level Language for Programming the DADO Machine 
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Call SYNC 
ThiS routine i" execu~d by the ongmator of a CALL Mum when It is prepared 
(or ita children to reconnect to the tree. The 10glcal state of the tree is 
restored to recognu:e the children. 

This routine operates by polling its children until they have executed the ooT 
routine. The polling presently waita until the children respond. It i! also 
possIble Cor a user program to periodically check the commuDlcation path, and 
execu~ user-supplied instructions until the children are ready. 

CaJl ENABLE 
This sets the EM1 register of all descendant PE!- to 1, thus enabling all 
processor!. 

Call DISABLE 
This sets the EM1 register of all descendant PEs to 0, thereby disabling all 
processors. 

Figure ~l summarIzes the communication primitives. 
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<------------------ STAT! OF THE -------------------> <- SDm PA&l' ~ THE PEa -> <- MIMI) PAI'T or PEa -> 
Rout11t <- ,.for. -> <- alt.r -> <- b.for. -><- aft.r -> Routln. 
Maa. <--- ----- USE OF KCUTIM! ------------------> Purpos. 

RES01.VE At \1,. ce it A1 blt.8 Itt. Not. CPM •• t. Sellcta ou 
~roe • ..or 18 to zero, appl1c- it uy PE fro. the 
ea b, u.,4 11 ,%c'pt. for abl.. Al ~lt Is cu~l~at. 
the reaoln. tint ou. hlp. ut. 

-------------------------------------------------------------------------------REPORT o.ta to .. Del 
up to til' root. 
11 st.orld ill 
AS b~ of SIMI) 
enabltd cUld. 

Not. 
appl1c
al»lt. 

Not 
appl1c
able. 

CPRBYTE: 
at. root. 
rlcelns 
data Int 
up til. tr ... 

Trunlt 
~ata up thl 
tr .. fro. 
one cll114. 

-------------------------------------------------------------------------------BROADCAST Root. of tll' AS byt. In Mou. Nou. TnDnl t.8 
SIMI) .ubtr., the .Iabl.d ~ata ~ovu 
broa4c ... ,.. a ~,scln~uta the tree, 
slDsle ~yt' r.c.1T. the frca root 
arsuant. ~ata. to chlldrn. 

-------------------------------------------------------------------------------
SEND 

DISABI..E 

HIMI> 

Sourc •• tor .. 
~ J't.t ill 1 ta 
loa, and call. 
rout1u 'Ill tll 
naa. of til. 
d .. tlnat1oD. 

n. sourci 
stor .. a· ~yte 
ill 1,.. 108, 
and tlu dest
ination sellct. 
tlu sourci. 

Executes call. 

Exl cu tes call. 

Sone. 

Slnsh ~r' 
11 plaCt 
Into the A8 
byt. of the 
c1 .. tlnatloD 
P!. 

SlnSlt ~r' 1. plaCt 1n 
t!!t AS of 
tll. PE which 
lnltlat .. 
the RECV. 

Nolt. NoDI. 

Hone. Non •. 

ChaDgl. ENl In1tlates NoDI. 
r.alu.. call. 

Ch~gl' ENl Inlt.lat •• 
Talu.. call. Nont. 

SIMI) 
nabled 
proclS.or 
Int.r. 
HI11D 1tOd •. 

Inlt1ate. Hont. 
call .1th 
OUi. of & 
=ll11d routinl. 

Tr .. 
nt1shbor 
cOtUlunlc
atlol: 
trunlt.. 

Tr .. 
nt1ghbor 
cOHun1c
atlon: 
read. 

EllabllS & snm 
processor. 

DISABU:S a 
SIMI> 
processor. 

P~tlt1on 
t.r .. into 
alU1tlplt 
Ullds. 

EXIT D.sctndant IXICutl' to t.r.lnat. lts HIXD .ad. and return to SIMD. 

SYNC P~rlnt extcut •• to rt~ln control of its chlldrln and synchron1ZI. 

Ftsure 3-1J Summary of PPL/.H Pnmltlves 
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3.2 Examples 

C-ode for two. fundamental o~ration.s i3 presented in this su bsection: the first loads 
the DADO tn.. sequentially with data from some external source; the second 13 

used to aaeociativel,. mark all PEs which store data that ma.tch a given search 
stnng. These two code sequences were the first to successfully execute on the 
DADOl machine. 

F1lure 3-2z Sequentially Loading DADO 
w • .til un".. 'h' ,,,~ ,","", ill _cntu "-'lia 

DADO', CPo 1\. ~I_ /."du. READSTR I .... Ii"", 
,~. "', •• "II" /r_ ,_ .... PltM ,nrc&. 

SEQLOAD: nocEDURE: 
DECLARE Intlll1Slnt-rlcord(e4) BYTE SLICE EXTERNAL; 
DECLARE Mot done ~ SLICE; . 
DECLARE (h~n,Ll1lsth) BYTE SLICE; 
DEC1..AAE I BYTE; 
DECl..ARE Buttlr(e.) BYTE; 

DO sum: 
CALL SEXABLE: ALL PE'S ARE ENABLED 
HOT DONE =·1; ALL SLICES rSrrULIZED 
INDEX = 0; 

END; 

LOADLOOP: 
pte •• "._1. I ... I". ". "n"'; j"c. 

DO SHm; 
CAll E.na.~lt; 
A1 = eOOLEAHCMot DonI); 
CALl.. Ruol'ft; ON, m • ..41 j. ,,_ •• 

EN1 = A1; S_edi .. , ,j,..;.l. aU "' .,.. ,. 
Not Done = 0; 

END; -

IF Cprr-O THDf 1/ I,.. i. /.JJ 
DO; 

Call ~ltlstr(.Mfull); 
RE'n..'RN; 

END; 
CAll Re&4n.r ( . Buf f Ir, . Llucth) ; D.,. P"fKI'''e' ~ estt1'<'l&i fa.," 
IF Buff.rCO) =C') THEN RETURN; 

DO I= 0 TO LENGTH-1; 
CAll Broa.4ca.atCBufflr(I»); 
DO snm; 

Intlll1gent R.cord(Indlx) = AS; 
Indlx = Iudtx • 1; 

END: 
DiD' 
DO sum: 

Intlll1gent Rlcord(Indlx)=O; 
END: -
COTO t.OADLCOP; 

END SEQLOAD; 

PPLf..i: The System Level Language for Progra.mmlDg the DADO :\bchme 
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The second eIClDlple implements the most basIC operation Cor associative matching 
on DADO. 

Ftlllre 3-3, ~ciative Probing 
ASSPIO: pROCEt)UK!: (BUFP'Tlt. L.E:HGTH) ; 

dlclarl BUFPTI WORD; 
d I clare L.EHGTB BYTE; 
OECl..A.llE INDEX BYTE SLICE; 
DECUJlE I BYTE AUXILIAAY; 
DEC AI.! ATBl1F'PT1l BASED BlJF"PTll BYTE; 

00 soo; 
CALl. E:N.ABl..E; b.i'~, ... MI • .J.I Pe. 

END; 

DO I = 0 TO LENCiTH-1; 8PH~ ~ .. c. t.d In 
CALl. Broadca.u,(1); FiM,.-4 c •• i.-4_ 
DO snm; 

IncSl% = AS; 
END; 
CALl. Bro&4cutCAtbufptr); n ... ,.-4 c •• ~.u 
DO snm; 

D"MI. pe, 'hl ~"" m.'d 
ED1. Al = AS = Intell1glnt Rlcor4(IncSl%); 

END; . -
Butptr = Butptr+l; 

END; 
00 snm; 

CAll !hsolTl: 
END: 

END asspro; 

3.3 Implementation of PPL/M 

The PPLfM language was implemented by a precompiler which analyses source 
code and replaces it with sequences of calls to system level subroutlDes·. In 
addition to supporting the above parallel pnmltlves, the precompller performs syntax 
checklDS and error message generation. The result of preprocessing is comptled by 
the Intel complIer on an Intel ~ficrocomputer Development System. After 
comptlatlon, code is downloaded Into the DAD01 tree and executed. For example, 
the statement: 

DO SIl1D; 
X=6; 

END: 

complies to a set of statements that lDvoke the system routine snm to p~rform 1 
parallel assIgnment of the constant I) to the shced variable X occurrIng In ea.ch sllDd 
enabled processor. 

As noted, parallel code sequences are programmed as DO SrvID blocks. These are 
translated by the precompiler IDto parameterless subroutlDes. The precompiler 

'n. pr.compil., wu implemell~ Oil a DEC VAX/Il·16IJ lUiA, I.,u [L«ak 151 &l2d YACC IJOhlUoa 151 a.IId C'OlINu o( ~ 
lexical ruin a.IId 11 paniD, rul ... 

PPL/~: The System Level Language for Programming the DADO ~fa.chlDe 
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generates tt,t-antl-jump sequences to test whether the PE is enabled. Di!abled 
procesaon only execute system functions, as these require the full coo~ration of all 
PEs in the tr". Testa are inserted: 

e after assignment to ElU, since this could di!able a processor 
e after all CA1J. instructions, SInce these may also affect the setting of ElH. 

The iD!erted jump instructioD! transfer execution to the next CA1J.. statement within 
the 00 sum block. This guarantees the execution of kernel routines having global 
effect.! in the machine. 

The precompiler does not generate unnecessary tests or jumps. For example, no 
test is required after a call statement which is the last in a 00 sum block, or after 
a CAl.L EHASU: instruction. 

For example, the following code from a production system interpreter is shown In 
both PPLjM and the resulting PLfM. This code transmits a string from a SIMD 
enabled PE to the root processor. Commentary has been italicized. 

PPL/A-f Code 
Str1ngL.n=-1; Oon.=O; 
DO 'w'HII...E (DONE=O); 

str1ngl.n=;tr1ngl.D+1; 

["iHali .. I •• , 

DO sum; 
A8=Latr1ng(Ind.x); 
Ind.x=Indn: + 1; 
CAJ.J.. REPORT; 

M". '''~. 
["er.m~' ,.i"," Fdc. I.,~, 

END; 
String (Stringlen) =Cj)r8~.; .5'1.,.. " 
IF String(Str1ngl.n)=O THEM Oone=l; 

END; 

PL/.'d Rt~tJlt 
StringL..n=-l; Oon.=O; r"i,ialiu I .. , 
DO 'w'HII...E (doo,=O): 

Str1ngl.n=Str1ngl.n+1; 
DO; 

c ... c. i' ~_. 

CAJ.J.. sum; [" .... ,'', • .,.._ , .. ,i" ...... ic. wtU ,01 •• 2 
COTO E2; W1~ SlID ,dw ... ,. u,~'io" i. eomple(, 

S2: IF HOT ENl THEN GOTO L3; SIh, .," e.~. i' SIMD ci .. b4t~ 
A8=l...atr1ng(Indn:) ; Mo .. i" b~, 
Ind.x=Ind.x .. 1; (,,,er",,,,,,' ~"'n 

I..3: CAl..l. REPORT; Nol, 1"- ,~n.'" 'oP eommuie.,i.,.. ""';miliflf 
RETUJUoI; T,""i".,. ,., SIMD , .. 'i", 

E2: END; g" •• ,00 SIMD w.t. 
Str1ng(Str1nglu) =Cj)r8~.; Sh,. it 
IF String(Str1ngl.o)=O THEM 00111=1; C\,c. i' c .... 

END; 

The kernel support of SI1ID mode executIOn has been implemented on DADOI In 
two ways. First, it can broadc~t machlDe IDstructlons which the descendant PEs 
Immediately execute. Alternatively, the instructions can be pre-stored In blocks 
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wIthin all descendant PEs, with execution invoked by transmission of the routine's 
unique identification. There are performance tndeo(fs between these methods. 

A SIMD machine consenes space when it broadcasts its instructions for execution, 
yet the time needed to broadcast and store the instructions may exceed the tIme to 
execute them. A faster technique is aTaila.ble when needed, which stores compiled 
procedures in the descendant processors, and subsequently broadcasts the (unction 
address to invoke the procedure. This technique can also be used to broadcast code 
blocks; it requires a SLICE procedure which receives instructions from the broadcast 
bus, stores them at a prespeciIied a.ddress, a.nd subS4!quently transfers control to thi! 
address. 

PPL/~: The System ~vel Language for Programming the DADO Machine 
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4. Conclusion 

The PPL/M laD&u... is important (or ~I sner44 reaao F' , necessary enTironmeal for programming a puall I D.S. Irst, It .,rOTldes the 
learn Important techniques (or Implementing a.:d ~~blune. Tb1.S baa allowed u.s to 
PPLjM has helped to resolve several hardware d . u&glng aJgontnau. Moreonf. 
be difficult to understand W1thout CO<ie sequences :~~d~ues thu would otherwue 

Nevertheless, PPL/M is not completely sufficient. for 0 ~_ 
b I d 'd ur nee~ It surf r many draw acb. t oes not proVl e a sufficient leTei of b t·. en rom 

high level algorithms; (or example it is unable to paaa arbitra.:r r~ctlon to dnelop 
the tree. Moreover the PL/M-51 compiler genera.tes very inef{~a st.ructures in 
supports neither abstact datatypes or recusion. lClent. C1:Xie. ~d 

We consequently embarked OD IIPSL LISP, which provides additional fa.c\htl~ to 
ameliorate many of the shortcomings of PPL/M. The PPL/M language eX1.St& 
however, and has been demo~tnted on an operational prototype parallel computer'. 
It is hoped that our experience in developing a systems-level programming langua&e 
for a massively parallel computer may help to guide others who are investiga.t.ing 
SImilar machine architectures, 
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