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ABSTRACT

chks, -Anthony Hoal, M:S EE Purdue University, August 1982. Resource
Scheduling on Interconnectlon Networks Ma]or Professor Benjamin: Wah

o In this thes:s, problems of Fesources scheduhng using mterconnectlon net—
works are studied. Emphasxs is placed on the d:stnbuted control of routmg a.n
incoming request to a pool of free resources. Thxs dlﬁ'ers from the conventlona.l
address mapping techmque whlch routes requests to a glven destma.tlon A dls- '
‘trlbuted control a.lgonthm is desrgned for this purpose. To estabhsh a bench
march for performance cempanson, an optlmal centrahzed a.lgonthm is - also
studied. It requires a network cont.ml!er which becomes the bottleneck as the
size of network increases. Other scheduling heuristics are also compa.red The
centralized blocking probablhtles are vartually zero, whlle blockmg proba,bzhtles

for other of a,}gonthms are less than 20% in all cases.




RN " (ADM)[SIES1b), Delta{PATSI], and Baselme[WUSﬂ} Exa.mples of si_

CHAPTER I - INTRODUCTION

The new and rapld advances m semlcenductor technology has glve.n way

to the abxhty to pack

credlbie a.mount of compntmg power mt.o ve S

5 ‘-swe processmg umts Da _:after day, ‘new apphcatnom have been poppmg:_ up

_whlch requlre lugher computmg speed and have led up to the development-:of

‘pa,rallel processung

I“ a P‘“‘ 31191 process1:" ';;-Sl'stem whlch consmts of numerous g:eneral'f e

some output ports Examples of. th%e netWOrks mclude the Banyan{G_'
Bmary n-Cube[PEA77], Cube[SIE&la], Perfect Shuﬂles[STO'?I] th[
-Omega.[LAWTE»], Data Mampniator[FENfé], Augmented Data Ma.m:

.demgned wrth znterconnect_ nf_-networks are TRAC [SEJSG} STARAN [Bf.
. mmp [W'UL72] Numencal Aerodynamlc Snnulaﬁlon Facxhty :
; [IARSI BUR‘?Q} and the: lalllstlc Mzss:le Defense testbed [MCD?&I




I.1. Statement of the Proﬁlezx:n -

For the purpose of routmg requests from a set of processlng units to a pool :

of resources . (Flgure | B 1), the interconnection network is. termed a Resource
. Shanng Interconnection Network (RSIN). Resource: sharmg means thst ailt_:_:he
ava.tlable resources are shared among requestmg processors. In thrs respect'
requests initiated from source processors can be sent to any one of the free--'
resources of a glven type at the destma.tlon This is the main dlﬁereuce that-

| dlﬂ‘erentlstes RSIN’s fr‘em conventlenal mterconnectlon networks whrch route

requests to a given destmatlon - | ‘ _ |
" As an ﬂlustratlon consrder a 4 by 4 Omega netwerk (thure 1.2). Assume :
processers 0, 1, 2 a.re makmg requests and resources 0, 1 2 are avarlable, Pro— "
-cessor 3 is not making a request and Resource 3 is. Invusyr Further the netwerk
is completely free Al the resources will be alloca.t-ed 11' the foﬂowmg precessor-
 resource mappings are used {00), (L1), 2:2)}, {(o, 1) (1, e) (2, e)}, {(o 2)§ :
| (1 0),(2,1)} or {(0,2), (1, 1), (2 0)} But if the following processer-resouree mp— ‘
 pings are used: {(0,0); (1, 2), (2,1} or {(0,1), (1,2), (2, 0)}, then  maximum

resources can be slloca.ted wrtheut blockrng This' grv% a resource utrlwatlon cf .

- 66%. A sumlar exsmple cau be generated for the Indlrect Brnary n-Cube net-_

werk Thxs shows tha.t the scheduier maust be desrgned properly te gwe 5 her

ma.xlmum resource utlhzatlon .

The earhest study of RSIN has been done thh respect to centrahzed com—é_ -

puter systems. A um-bus lS used in a time shared fashwn for connectmg peri-é

rpheral 1/0 devices to the CPU Multlple time-shared buses have been used m '

the PLURIBUS mmlcornputer muitlprocessor [0RN75] A Cross-«ba.r swrteh has
‘been wsed in C. m:mp [WUL72] ‘This network permits full mterconnectlen'

capability between source . and destination ports As long as each source port---
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o -requesf.s on- mterconnectlan net.wqus wlt.h logarlthmxc delays suc =

addresses 4 unique destmat:on port, there is no blockurg in the network and. a.!l' o

messa.ges can be routed through the network srmultaneously The- smgle -o: muf

- ‘301' multlple requests is done seq‘uentmlly

A few- comments can be made about the: prevmus studles;;_?

. -sched«ulmg algonthms are centrahzed For mappmg n reque&tmg processors to n, 5
| resources, the schednlmg algonthm has a worst case complenf.y @f 0{,::"" Bis
complextty depends on the number of requestmg processors and pra.ctlcal vh

n is. sma.ll or when requests are not very frequent Second for scheduhn a

- lutary n-Gube, Banya.n and Omega, no opf.xmal scheduhng ﬂgﬁmhm has
kestabhshed e i




| 1.2. Motivations _ o
Thls study was motivated by several possible a,pphcatlons whlch may be-'
useful in various aspects of computlng such as dlstrlbutlon of a network Ioad

VLSI special purpose chlps a.nd Data Flow Muitlprocessors

121 Load bil-la:nc_:iﬁg Network

Iis possxble to set up the networlc in such a way that a pwcessor can e |

request senuce frovm othet 1dle processors Thls xs done by ma.ppmg the*: p ces- '

- soFs one-to-one onto themsel*ves using the RSIN In other words the network
_ outputs are connected dn-ectly back to the processors on the mpnt slde thro h:;_

the RSIN as illustrated by F:gure 1 3. In ‘this 51tnat10n a.ny of the pro

buted controlled network The workload is therefore, balanced in the system ;

122 VLSIResourcePool |

The requestmg processors can use the RSIN to: aecess & pool ol' specl:__

| - pose VLSI chlps performmg tasks llke matrxx multzphca.tzon, matrlx mverswn'

Fast-Founer -Tra.nsform, etc (Flgure i. 4) A processcr may request sever -

tasks of matrix multzphcatmn to ‘be done from the VLSI resource pool. The:'f

RSIN is respons:ble for routmg a task to the avaﬁable resources. |
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1.2.3. Data low machine. -

Computational speed is becoming more and more rmporta.nt in’ tc}day s
appllcatlons It is certamly faster if processing is done i parallel. A data ﬁow
multiprocessor seems to be a good candidate. [W&G82 RUMT?] But there _
arises the question. of eﬁiclently utlhzmg of resources in the system

It 1 is possible to use the dlstnbuted RSIN to allocate processors to request—
:'mg [Processors. These processers are assumed to be general purpose (Flgure- '
1. 5) When a processor is ﬁnlshed w1th a task, It is forwarded to any of the free ‘
memory modules through another dlstnbuted controlled network The’ correla—
tion of different tasks 1s not shown  here. Thls is assumed to be done by a

separate assoclatwe memory

1-;-_3:._'Objectives of the study

The objectwes of thls thests are: 2) To study the performanee of dlﬂ‘erent
~-scheduling algorithms thh a;n ‘emphasis on distributed . control and a schedulmg-

time that is mdependent of the number of requests made b} To demgn mter—

connectzon networks supportm g dlst.nbuted scheduhng
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1.4, Assulhpﬁio-qs ‘

The basic. assumpt.lens made when the algorithm xs drscusseda.retha







S -  '-chosen for this study.“

e -nected swm:hes

: .-: tro! bexes Eaeh co]um

: A control bm; ls a4
_‘.and two out.puts Its f :
“upper broadcast conneet
5 ma.m- charactenstlc ‘Ior “the
: -Cube has only 2 functwn
. The actual ccmne”_,_

'dxﬁ‘erent networlcs Cwss
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Straight -

:Di&golial'

Upper Broadcast - - Lower Broadcast g

Figure 2.1 - Four-function Control Box..
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2.2. Cross-bar, .Binary n-Cube and Omega network R

 Figures 2.2, 2.3, and 24 descnbe the overall structure of the Omega .

binary n- Cube and Cross»bar netwerks The crossba.r net.work perrmts full'

interconnection capablhty between ‘any. smgfe mput aad any output. Usm' _
ventronaf addressmg method 28 long as an input. port addresses a umque out- ‘

put port, there is mo bleckmg in the net.work In other. words, aIl messages an

be routed through the. network sxmultaneous!y Since there is no blot:km m

_ this network only a Drstnbuted Controlhng scheme of tlns network wxll Be stu--= :

- died in this thesis. e | |
In thls thesus, the term Blna.ry n-Cube nnphee the for Indn'ect Bmary--n- o

Cube network “Hcan be descrlbed umquely as-a concepttia.l cube wrth the foI-
lowing properties [SIE79] (Flgure 2 5) | ' ' o
- Ninput and output ports can be represented in bmary numbers.
- LogN stages of the ‘network is the number of bmary bits- used m
representmg the N ports. __ _ : '
| - Horizontal line on the Bma.ry n—Cube connects vertrces whrch have 6“3’
" (low-order) bit position dlﬂ'ered i
- Diagonal lmes connects vert!ces which have 1% bit- position dlﬁered

s Vertlcal hnes connects vertlces which have 274 (hlgh order) posf ioh)

drﬂ'erect : _ |
In other words, vertlces on horizontal /dragonal/vertlcai hnes represent_.’i‘
input lines connected to the same box at stage 0 /1/2 in the network. There'i :
fore, the correspondmg bit controf the: correspondmg stage in the network :
An N*N Omega netwerk eons:sts of the same number of stages as’ of an;':;
N*N Cube network. Each stage consmts of a Perfect Shuffie [SIE'?Q] mtercon--_:

nection followed by N/2 control boxes as shown m_F_rgure_ 2.2. The Pel‘ffe_f;i}_{_i







Tgwe2.s - AnBxB Crossbar Switch, i
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| Flgure 25 The Cubs Representation.
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shuffle connectmn has the chara.ctenstms of ta.kmg an input at a posltlo:; W ose
bma.ry representatton is S 82 5, and movmg it to pos:twn 5283
' HJAWTS] Then the contro} bax can move the output to 8283
© 'S,1. In addition; by redray %
| l, Cube netim‘r.k draw'ﬁ b&c
: Omega network as tha,t

| ‘ bemg backward

In: thls stnd’y, due -_&atxon of tlme and spaeeéz fer lmttl",_

_ '8x8 (8 inputs: and 8 outpu Qmega and lma.rjr n-Cube network are chas

adrmmappmgteehn ue 5

'Elna,ry n—Cu-be n,e_ztwork,

: "IaddrESsésu'a,s & me;g;n to cot

A331gn 3 ”0” to the‘f‘ “port o§ an exchange box, For _

i request. to an exchan"

ox th a settmg of ”Q”, 1t wxll‘ .be dlrect."'

~ top output port of exeli

4 - Assign a nln to m port; of the exchange box__

1" in the box will ¢

: _*ﬁhr request szgnal to the Iower emtputﬂ p@

~that exchangebox
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which can make requests for data transfer through the network.

Fufﬁﬁez,{fthere are:

’4-be ordered W‘Ith J;‘

f: there are

F or N —8 th:s expmss;

: ‘]arge for anjr Slmu tio

B 9x&m1¥!e_ all the.,PQ.‘*-’.?‘lb’le = Mgthe computer m measun




: performance of a partlcular control scheme for a RSLN ln canseque

: better a.pproach was developed by ﬁndmg the netWOrks proper

whleh in: turn elrmmatee

"_'-l'redundant cases of perm t&tlon Tlus

' the next chapter

Lo ;be mterpreted eorre‘

resources avazla.ble 4]

L -'_cated We ca.n sa.y that‘e-"




In tlus seet:o we j

nthms and heuns&ws fer t )

interconnection a
R "éaé"“"the'. pwc&ssor 5
: '.,b}oclcmg in the netwark
:there are N mputs ‘
) : the: trme eomplem of cor

f‘]ogafrzthmrc deImyed nei}w
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network is very efficient and feasible when N is small, A de51gn for- thls w11]

not be chscussed here.

3.1.2. LogarrthminDelayNetworks Design =

2‘1. Optimal Algorithm

As ‘shown in the Iast chapter it :s tota!ly mfeasrble tzo appwach

__:'i_method In the followmg sectmns, Y

a.pproach will be dlscussed

3.1.2.1.1. Tab!e of connections. For the Bmary n-Cube or Omega. nety

let N be the number of mput a.nd ouﬁput ports and 'n reprwents the number f‘

'stages m the network For the partlcula.r case of N --8 we have n--3.‘ :

Ever}*‘ stage ha.s Nfﬁ_boxes, resultmg in.a tota.l of (Nlen bmces .

Let’s assume that ‘evéry box has only two @i- st&tes (st.rmght or dlagonaif' o

‘ ,se*tti’_ng’)- for the tim.éjibeing.;ff” 'Ins_ can be represented asa bma.ry va.n&ble W;th S

12 binary variables, there a ﬁ 12 ,..;4096 possxble sta.tes fcr t]:ns 8x8 network
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:_probfem happens if there are more ava.xlable output ports than reques mg

so on Th:s 13 one 'pa«th. in th

N port 1 to m}tput 2 then
o are assumed on the:t
tree a.ccordmg ﬁo the' inf

S 'much smaller
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using any order we need. (Preorder, Postorder or Inorder) It must be remem-
bered that the level number of the tree corresponds to the corresponding input

port.

3.1.2.1.3. Search Algorithm: For each individual node, 2 simple structure of
data, side pointer and down pointer are needed. The side link is used to link
to the sibling on the right and down is used to link to the sub-tile one level
below. (see Figure 3.4).

As for searching the tree itself, 3 stacks of SIDE NODE, its LEVEL and
number of CONNECTIONS made so far, are needed. It also requires 3 lists of
AVAILABLE OUTPUT PORTS, TREE .LEVEL ARRANGEMENT, and
REQUESTING INPUT PORTS.

In general, searching starts at one level down. The algorithm examines the
node against the list of available output ports, then before going down any
further, the next node to the right is put on the stack for future return when it
finishes searching the left branch. Also its side node level and the number of
connections succeeded so far is needed to be put on the stack. The list of tree
levels arrangement is compared against the list of requesting input ports to
decide which level of the tree needed to be searched. When it reaches the end
of the left branch, it just pops the top of side node's stack and then starts
searching the right branches. This whole procedure is terminated when the
number of connections made is equal to the number of requesting input ports.
It is also terminated if the whole tree is searched.

The worst-case searching is as follows: 40sec. to create a tree of approxi-

mately 17000 nodes; approximately 30 sec. to visit all the 17000 nodes for each;



31

A Node

Resource Side Link

Down Link

Down Resource ' Side

Figure 3.4 - Data Structure of the Tilted Binary Tree
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worst-case search and T, =(65025%30) + 40 seconds which is around 542 CPU
hours to perform 65025 searches
Because of the horrendous amount of search time required, a more time

efficient method is needed.

3.1.2.1.4. Improved Search Algorithm: It is also possible to organize the
binary tree with any order of levels rather than the original above. For

instance, instead of having a tree organized with levels in monotonic order it

can be organized as 23514678. There are C[g}-l' C[§]+ ....... + C[?] ways of
organizing the levels with result in 255 trees. The memory required may be too

large. we decide to select C[ﬁ] of the levels to result in 70 different trees.

request connections, they are pretty well covered by the 70 trees and it takes
less time to search the top of the tree than the other parts of the tree.

The search time for this method is much more efficient and is illustrated
as followed: Since it takes approximately 30 sec. to visit about 17000 nodes, so
it takes about .0018 sec. to visit one node. We need to create 70 files which
takes a total of 2800 sec. Most of the time, the worst case search will be at the
top 4 levels of the tree. Therefore, the search time how can be computed as:

Tye = (85025 % 8 » 7 *x 6 * 5 * 0.0018) + 2800 or approximately 56 cpu
hours

15t 2nd 37d 40 Jevel
Note that this is the worst case time and it is much better than the previ-

ous one. In reality, it took about 10 hours or less to examine all 85025 cases.
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3.1.2.1.5. Overhead of algorithm: For each binary tree created, it requires
approximately 350K bytes file space to store it. There are also =~ 16.5K nodes
of a bytes each. The creating time is = 38 sec. So it probably takes 30 sec. to
search it for the worst case. In general, there are 70 or more ol these binary
trees which means that it requires approximately 24.5 megabytes of file space
and 2.3 megabytes of core memory to be able to run the algorithm efficiently.
And it takes = 30 sec. in the worst case to search for any particular connec-
tion. These requirements are tremendous for this case of 8x8 Binary n-Cube or
Omega network. It certainly is not feasible for the case 16x16 or more. This
calls for a more efficient algorithm that probably has a higher blocking proba-

bility but less computer space and time.

3.1.2.2. Centralized Scheduling Heuristics

As a comparison, we present a centralized heuristic and compare its per-

formance against the optimal algorithm. Let
Pgr = Set of requesting processors = {P;, Py, Pisi, . - - Py}
R, = Set of free resources = {R;, Ry, Rii - - - Ry}

We assume that the processors and resources in P and R, are ordered by
their index numbers. A parameter of the heuristic is the number of retries
(0 < RETRY < y—1). Supposed P, fails to be connected to R; due to a
blocked connection, then the heuristic successively retries the next set of

RETRY free resources to see if a connection can be made. Whether a
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connection can be made within a fixed number of retries or not, the next pro-
cessor in Pg is always matched with the first free resource in R, immediately
following the resource matched for the current processor. The heuristic, writ-
ten in pidgin Algol, is shown in Figure 3.5.

To illustrate the heuristic; consider an 8 by 8 Omega network with

Pr = {0,345}, Ry = {0,1,4,5} (see Figure 3.9),

1. The algorithm connects Py to Ry and is successful.
2. The algorithm connects P3 to Ry and is successful.

3. The algorithm tries to connect P, to Ry, but is blocked.

If RETRY =0, then the algorithm connects Py to R4 and is successful.
If RETRY=1, then the algorithm tries to connect P, to R, and is success-

ful. It continues to connect Pg to Ry and is successful.

For this example, the resource utilization is 100% if RETRY > 1, otherwise, it

is 75% for RETRY =0.
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PROCEDURE Cent_heuristic

/* Assume that match (P, Ky} is a boolean procedure which
returns TRUE if P; can be connected to 7; and FALSE
otherwise. If TRUE is returned, the connection is actually made.

i - index of a requesting processor (i = ¢ means there is no
requesting processor)

j - index of a free resource (j = ¢ means there is no free resource)
r - variable indicating the number of retries */
i=1; j=1; /*initialization */

WHILE (i # ¢ AND 7 # ¢) DO
BEGIN
done = FALSE,; r=0;

WHILE (NOT match (7, Ry;)} AND done .EQ. FALSE) DO
BEGIN
T =Tr+l;
IF {r > RETRY) /* Test for # of retries */
THEN done = TRUE
ELSE j « next free resource in f4;
END;

i « next requesting processor in Pp;
j = next free resource in Ry,;
END

END

Figure 3.5 -~ Centralized heuristic for rescurce allocation.
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3.2. Distributed Resource Scheduling Algorithms

3.2.1. Crossbar Network Design.

We present in this section the design of a Cross-bar switch to support dis-
tributed scheduling. The motivations behind studying Cross-bar switches are
that it is non-blocking and it is very suitable for VLSI implementation. It has
been shown that Cross-bar communication networks are favorable as compared
to Banyan networks for VLSI implementation provided that the whole network
is implemented on one chip [FRAS0].

Figure 3.8 shows the overall structure of a Cross-bar network. Processor i,
0 < i < n, initiates a request by sending a request signal to the switch along
the i*" row. Resource j, 0 < j < m, indicates that it is free by sending a
resource signal along the j*" column. At cell C;; where there are request and
resource signals, the switch is set on and data transfer can begin. The request
signal is removed from any further cells along the itt row. Similarly, the
resource signal is removed from any further cells along the i** column. Eéuch
cell in the switch has enough intelligence to resolve the confiicts and to route
the requests. There is a control latch in each cell to indicate the state of the
switch. It is obvious that there is no centralized control for the routing of
requests.

Because requests can appear and disappear at any time, it is important
that a change in request state for one processor does not affect the state of allo-

cation of other processors. To illustrate this, referring to Figure 3.6, if the

request signal to cell C;; is removed, then the latch in G;; Is reset and the
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resource beecomes free. The resource signal will again propagate down the jth
column. Processor k may have made a request previously. Since resource j
was busy, it tried to search for another resource and found one. The new
resource signal passed along the j*® column should be ignored in cell Cy; in
order not to upset the state of a previous allocation. To solve this problem, we
assume that the system operates in two modes: request mode and reset mode.
In the request mode, processors can make requests for free resources. In the
reset mode, processors can relinquish previously acquired resources. This
method degrades performance because requests and resets cannot operate con-
currently. However, a single signal line suffices to indicate which mode is
active. Other alternatives which allow concurrency in requests and resets
include (2) the use of state saving latches in each cell and (b) the use of
separate request and reset control lines. These alternatives require more
hardware and will be investigated in the distributed Omega and Binary n-Cube
networks.

Referring to Figure 3.6(b), the inputs and outputs of cell C;; which con-

nects processor i and resource j have the following meaning:

X 0 processor i is not searching for a free resource
Lj 1 processor i is searching for a free resource

(request
mode}
0 processor i does not want change the state
X5 =) of allocation
1 processor i wishes relinquish the allocated resource
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(reset

mode)

X;; always returns to O at the end of each mode

_]0 resource j is busy and cannot accept any request
Yij 1 resource j is free and can accept a new request

DI, - data line to send data from the i*h processor

DO;; - data lipe for the j*! resource to receive data from the

ith processor

0 Switch is off; any request made by processor i is

Li; =9 passed the next cell

1

1 Switch is on; processor i is connected resource j




40

MODE - controls the cell to be in request or reset mode.

The input/output relationship of the control signals is shown in the truth table
in Table 3.1.

In the request mode, the latch is set {S;; = 1) if processor i is making a
request and resource j is available. If resource j is not a.va.ilable‘ (Y;; = 0), then
the request signal is passed to the next cell {X;;4+, = Xi’j). The resource signal
to the next cell (Y;4 ;) depends on the state of the control latch in the cell. If
Y;; =0, then Yi4 ;=0 IfY;; =1 and X;; = 1, then the control latch is set
and Yj4;; = 0. Since the Xj; signal returas to 0 at the end of the request
mode, but the Y;; signal may still be kept at 1, so Y4 ; equals the output of
the control latch (Ei,j) when X;; = 0 and Y;; = 1. For those processors which
have made requests previously, the state of allocation is not disturbed in the
current request mode and data transmission can continue. In the reset mode, if
processor i issues a reset signal, all the control latches in row i of the switch are
reset. The logic equations for the controls and outputs are also shown in Table
3.1. The design of cell C;; is shown in Figure 3.7.

The boundary connections for the switch are as follows. Each Xj,, signal
is connected directly back to P;. Similarly, each Y, ; signal is connected back
to R;. Suppose P; makes a request by setting X;o = 1 and it receives at the
end of the request cycle, X;,, = 1, this means that the request is not satisfied
and P; should resubmit its request in the next request cycle. Likewise, resource
R; indicates that it is free by setting Yo; = 1. If at the end of the request

cyele, Y, ; = 1, this means that the resource is not allocated and R; should
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Table 3.1 - Truth table and control signals for cell G5

Inputs Cutputs

X5l Yo Xiger | Yorry | Siy | Ry
o | o 0 0 o | o
o : 0 I ; o | o
1 0 1 c C G
1 1 o] o} 1 0
Xi..j+1 = X g _1’..3‘ _

Yy =Xy Yy Lis
i =Xy Ty

Ri,j =0

.DO.,;_J' = I'I..J' DI.,; + Doi'l"l.j

(a) Request mode

Inputs Dutputs

Xigl Yig Xiger ] Yierg | Sey | Fig
0 #) 0 0 0] (4]
)] 1 o 1 0 ]
1 0 1 C 0 1
1 1 1 1 o 1

X1 = Xig

Y1'.+:L.j = Y;'..j

Si; =0

Ri; =X

-Doi.j = -Li.j DI-‘ -+ DO,;HJ

(b} Reset mode

2
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send out the Yo; =1 signal continuously. Otherwise, it will set Yy; = 0 to
indicate that it is allocated.

Requests and resets are accepted at the beginning of the corresponding
cycle. They are not accepted in the middle of a cycle because the next cycle
cannot start until all the signals in the current cycle have settled. In each
cycle, the signals propagate from the top left corner at 45° to the bot{om right
corner (Figure 3.6) in a wave-like motion. The maximum time for signal pro-
pagation is, therefore, proportional to n+m. In the request cycle, the max-
imum gate delays in each cell is 4 because of two gate delays in the control
latch. The maximum length of the request cycle is 4(n+ m) gate delays. In the
reset cycle, the maximum delay in each cell is 1 due to the mode control gate.
The maximum length of the reset cycle is (n+ m) gate delays.

A final remark about the scheduling algorithm is that it is asymmetric.
That is, it favors processors with lower index numbers. In order to design an
algorithm that is symmetric and to allow requests and resets to be initiated
dynamically, more control lines are needed. Resources that are available can
send a pulse of a short duration along a column. Only processors that receive a
pulse will be assigned the resource. In this sense, the pulse behaves like a

token. When different resources issue tokens randomly, the algorithm is sym-

metric,
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3.2.2. Distributed Scheduling Algorithm for Networks with

Logarithmic Delays.

3.2.2.1.Simple case.

The centralized scheduling algorithm has 2 high overhead when the
number of processors and resources to be scheduled is large since every request-
ing processor has to be scheduled sequentially. In a distributed algorithm, all
the requesting processors are scheduled in parallel. The resource scheduling
overhead is, therefore, proportional to the delay time in the network (0{logsN))
and independent of the number of requesting processors.

The distributed algorithm is implemented by distributing the scheduling
intelligence into the inferconnection network so that there is no centralized
control. Each exchange box can resolve conflicts and route requests to the
appropriate destination. If a request is blocked, it will be sent back to the ori-
ginating exchange box in the previous stage. Request routing is, thus, dynamic
and all the exchange boxes operate independently.

Before the algorithm is described, some symbols must be defined. The
information paths for exchange box j in stage i, B;;, is shown in Figure 3.8.
There are four types of signals, S, Q, J and D:

S - carries information about the number of resources reachable

from this link
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1 a request of a free resource is made on this link
Q = lo otherwise

1 a block has been detected in stages after the current stage
J = and the request along this link is rejected
0 otherwise

D - data transmission links

RA - resource availability register which stores the number of

resources reachable from an output terminal of B;;.

For simplicity of representation, subscripts of symbols for signals incident upon
and originating from B;; are set to be i,j. The index of the box that they are
connected to are not included in the representation as a mapping function.
There are four types of superseripts, UL (upper left), UR (upper right), LL
(lower left) and LR (lower right) and they indicate the corner of the exchange
box that the signal links are connected to. The distributed scheduling algo-
rithmn utilize these signals to connect the data paths from the (i-1)" stage
(DY, DLY)) to the (i+ 1)™ stage (DY, D5Y).

Consider a situation when the network is completely free, and there is a
set of requesting processors and free resources. All the resource availability

registers are set to be zero initially. We will generalize later to the situation in

which requests can be initiated dynamically.
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The algorithm consists of two phases. In the first phase (Resource Phase),
information concerning the number of free resources is passed from the resource
side to the processor side. Specifically, each resource that is free sends a ”+ 17
along the S link to the exchange box connected to it. Referring to Figure 3.8,
which shows exchange box B;;, the dashed lines represent the information flow
in the resource phase. The exchange box receiving this information increments
the corresponding resource availability registers. It then adds the two numbers
stored in the two resource availability registers and sends the result to the two
exchange boxes connected in stage i-1. Conceptually, the numbers ng and
Sil,‘jR represent the number of resources reachable from the upper and lower out-
put terminals of B;;. Therefore, the total number of resources reachable from
this box is SiljR“}- S;l,'jR and this information is passed to the two exchange boxes
connected in the previous stage along links 85911',3 and Sil_‘ll“j. The delay for this
phase is proportional to the number of stages of the network.

As an example, refer to Figure 3.9. Suppose processors Py, P3, P, and Py
are making requests and resources Rg, R, R4 and Ry are free. Resource avai-
lability information is passed from the resource side to the processor side start-
ing with stage 2. Box By receives ”+ 17 from Ry and Ry. Therefore, it passes
a ”+2” to boxes B, g and By ;. Likewise, box By receives "+ 1” from R, and
R; and passes this information to boxes By, and By 3. The propagation of this
information is similar in stages 1 and 0. At the end of the resource phase, Py,
P;, P, and P; knows that there are 4 resources available.

In the second phase (Reguest Phase), the network propagates the requests
from the processors to the resources. This uses the information that is
obtained in the resource pbase. The maximum total number of request and

rejection signals pending in each exchange box is 2 since the exchange box can
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only make two connections at any time. For example, it is impossible to have
two rejection signals received together with a request signal. Because in order
for the rejection signals to be received, two request signals must have been
received earlier. A new request cannot be received until the two previous
requests have been rejected. Therefore, we can have any one of the following
six combinations of signals pending in an exchange box: 2 Q's, 2 J's, 1 Q and 1
J, 1], 1Q or no signal pending.

When multiple signals are pending in a box, priority must be set to deter-

mine the order of servicing these requests. Two priority rules are used:

(P1) For iwo request signals received (Q;‘_J}‘,jZI, Qil_‘lf,j-:l}, the request originat-
ing from the top input terminal (Qi_U{‘, ;} has priority over the other
(QLF))-

(P2) For one request and one reject signal received, the reject signal has prior-
ity over the request signal in service.

In servicing a request or a reject, two service rules are applied.

(S1) To service a request (Qil_']}‘,j or QiEIf,j), find a free output link where free
resources can be accessed {contents of resource availability register is
greater than zero). If both output links are free, then SSR is checked
before SiI_}R. If such an output link is found, the output link is marked
busy so that no further request can be made along this link and a request
is sent to stage i+ 1. If the free output links do not lead to any free
resources, a reject signal is sent from the original input terminal to stage

i-1.
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(52) To service a reject (JHR or JiﬁR), the corresponding resource availability
register (RASR or RAil,‘jR) is set to zero to indicate that no free resource is
reachable from this output terminal. The output terminal is marked free
and service rule (S1) is applied to search for another available output ter-
minal where free resources can be reached.

For the six possible input combinations of signals pending in B;;, the
sequence of priority and service rules applied is shown in Table 3.2.

If a request successfully reach a free resource, the resource sends a "-1”7
along the S link to the exchange box connected to it. For exchange box B;;
receiving a ”-k” (k=1, 2,..) along the S link (SBR=-}< or Si,LjR:'-k), if the con-
tent of the corresponding resource availability register is zero, then nothing is
done. If not, the corresponding resource availability register is decremented
and the ”-k” information is passed to stage i-1 along S;[_I{‘,j and Sil_‘%,j. If both
SHR and S}&R are negative (Sign=-k1 and Si,LjR =—k,), then both RA{‘}R and
RAiI’jR are decremented and "—(ky+ k)" is sent along Si_ml‘,j and S;’:Ifij to stage
i-1.

Referring to the example in Figure 3.9, B, in stage 1 receives two
requests. Since only one output terminal leads to free resources, the request
originating from By is rejected. This request, subsequently, finds another
route via B 3 and By to Rs. The average delay time is 3.5 units in this exam-
ple (a unit is the time to pass through an exchange box)

The algorithm described above does not preclude dynamic operation. In
fact, requests can be initiated at random times and they will be routed to a free
resource or be rejected. The operation of the exchange box can be completely
asynchronous. An accepted request is known to a processor when an ack-

nowledgment is received along the data link. A request is rejected when a
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Table 3.2 - Sequence of priority and service rules applied for the six

possible combinations of signals pending in Z; ;

Combinations of
signals pending

Sequence of Priority and

in B(i, §) service rules applied
24 P1, 81, 81
2 J Sé; 82
14 1J P2, 82, 5i
1 & 51
1 J 52

0 a 0J

no action
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rejection signal is received by the processor along the J signal link. A rejected

request can be retried later.

3.2.2.2. Dynamic operation with Multiple-Resource Request.

To extend the problem into a dynamic environment, multiple resources are
allowed in each request. The length of time that a resource is used may vary
independently for each request. It is obvious that more resources are needed per
output port. It is assumed that they are of the same type. A processor can
make a request independen.tly at any time, therefore, requests may arrive in
certain distribution. .

To facilitate the dynamic case, our exchange box is now of 4-function type
which contains straight, diagonal, upper broadcast, and lower broadcast con-
nections. The Binary pn-Cube network is now a Generalized Cube with its
broadcast capability [SIE81c]. The resources need to broadcast the latest infor-
mation of their status to the network continuously. Therefore, requests . gen-
erated by processors are now propagated through the network at the same time
as broadcasting messages traveling in the opposite direction from the resources.
A processor request can be classified as successful and unsuccessful . If is sue-
cessful when all resources requested are allocated to the request in a given
period of time. Otherwise it is an unsuccessful request. When a request is
satisfied, it takes certain time for the processor to transmit the task to the
resources. Once the transfer is completed the allocated resources can proceed to

process the job and the requesting processor can relinquish the network to
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others. The same is applied to an unsuccessful request. When a given period of
time is up and all resources requested have not been alloecated, the requesting
processor also has to relinquish connections to minimize blocking and deadlock
in the network.

In meeting a request requirement, the same algorithm described in the last
cection can be extended with a count on the number of resources requested by
each request, and two additional registers RRi‘jL, RRi!LjL are required in each
exchange box to accommodate that count when it  arrives.
(RR—RequestR egister)

When a request enters an exchange box at either the top or bottom input

port, using the information in RAJR, RAKR & RRJR or RRJ}", the distributed

algorithm will set the box and allocate the resources as follows:

-If RRi‘jL ( RRi,If‘L ) is less than any one or both of {RASL, RAif‘jR}, then
the request is forwarded to the corresponding output terminal with less
resources. For example, if RRigL < RAHR < RA%;R then Qiljl' (Qi,l‘il‘) is

forwarded to the UR;; output terminal.

- If RRY (RRi,LjL) is greater than both but not the sum of {RASE,
RALR}, then the request is broadcast to both output ports The RA that a
large value is always chosen and the remainder is made up from the other
RA. For instance, ile is making a request with RRi],‘jL = 9. RAiI_{R =4

and RAi,LiR =17 Qii"jl‘ is broadcast into 2 requests: the first one is for-

warded to LR;; output port with a count of 7 and the second request is

assigned to the UR;; output port with a count of 2.
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- If RRifjIL (RRiI’;-L) is greater than the sum of {RA;HR, RA%}R} then the
request is broadcast to the two output ports at their capacity and a reject
signal is generated at the input port which carries a count of the difference
of RRSL (RR{‘}L) and the sum of {RASR, RA,-I‘ER}. For instance, there is
Qitjl‘ with RRi'jL = 14 and RAigR = 6, RAiI,‘jR = 5. Two requests are gen-
erated through UR;; and LR;; output ports with counts of 6 and 5 respec-

tively. A reject Ji?‘ is forward to the previous stage of the network with a

count of 3.

The 3 conditions mentioned above are also constrained by the availability
of the output ports. In other words, the output port may have resources avail-
able but it may be busy serving another request. This condition of this output
port is equivalent to RA;; = 0.

When there are 2 signals entering an exchange box, there will be no broad-
casting involved in satisfying their requests because each request signal is enti-
tled to one output port if both output ports are available. In allocating request
for this case, whichever request is requesting more resources will have a priority
over the other in the allocation to an output port which has more resources
available. If its request is larger than an output port can satisfy, the difference
of the request and RAif‘jrR (RA{‘J-R] will be sent along the corresponding reject
signal line. In other words, if a request signal at an exchange box are requesting
more resources than each of its output ports can satisfy, there will be 2
requests forwarded through outputs ports at their capacity and 2 reject signals
with counts on their differences respectively.

In addition, a reject signal is now being treated as a new incoming request

signal in being serviced by an exchange box. For the dynamic case, we can
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never have more than 3 signals at an exchange box simultaneously. There are a

total of 7 possible cases of signals arriving at an exchange box: 2Q’s, 2J’s, 1Q

& 1R, 1Q, 1], 2J's & 1Q, and no signal.

3.2.2.3. Considerations for implementation.

In the simulation of a system which is controlled by the distributed algo-

rithm, the static case only has 3 events: resource availability information from

resources, requests from processors, and rejects from certain blocked exchange

boxes.

Tt is assumed that the delay through each stage is unity. This gives the

blocking information pertaining to a specific network and the average delay

time for requests to be allocated to available resources. The blocking informa-

tion can be compared against the lower bound blocking probabilities of central-

ized algorithms.

In the dyramic case, there are 10 events involved:

1.

2
3
4.
3
6

Resources relinquish processing and become free.

. Resources broadcast their availability.

. Processors initiate requests.

Broadcast propagate through the network.

. Requests propagate through the network.

. Rejected signals are back-tracked.
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7. Data is transferred from requesting processors to allocated resources.

8. Jobs are processed at resources.

9. Processors relinquish connections when data transfer is completed.

10. Processors relinquish connections when allocation is not met within a

given period of time.

These events happen concurrently so it is essential and important to keep
all the events synchronized in their time frame. Stacks are used to manipulate
events in this system. As events occurring, statistics are collected [McD70).

Five main parameters to the system influence the performance of the net-
work: the rate of jobs’ arrival to the system, the length of time, the number of
resources per output port of the network, a fixed period of time in which a
requést is allowed to search for resources and a duration of time during which
data are transferred from the processors to the resources. These parameters
were chosen for the meanings they serve. Data transfer time can determine how
data amount and transmission rate may affect the network’s performance. Jobs’
arrival rate and jobs’ processing time may be of variables with certain distribu-
tion which can assess the workload expected and the kind of computations that
performed on the system. The allowable period of requests to search for free
resources, may be used to tune the system’s performance depending on other
parameters. Lastly, number of resources per output port may be fixed depend-
Ing on computational needs and resource availability.

The network starts out being completely free with all existing resources
available to the network. Status messages from resources are broadcast to the
processors through the network every unit of time. The inter-arrival time of
requests is geometric. FEach request may request 0 or more resources per

request and not to exceed the maximum available resources on the network.
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As status messages propagate from resources toward processors, requests from
processors propagate through the network in the opposite direction. The
requests will be directed through the network or be rejected by blocked
exchange boxes. If a request is blocked and rejected from an interchange box;
it will back-track to the previous stage and try to use another route. Each
request is given a fixed time interval to search for free resources. If it finds all
the resources required within the allowed period of time, it is a successful
request. Otherwise, the request will be terminated. Once a request is success-
ful, the task will be transmitted from the processor to the allocated resources
(satisfying some distribution function). After the data transfer is completed,
the network link is broken. The allocated resources start to process the given
job for the requested length of time. When thé job is finished, th resources are
relinquished and new status messages are broadcast through the network.

The performance of the network is clearly affected by the workioad arriv-
ing at the processors, the length of each job, data transfer time, and time
allowed to search for free resources. This dynamic case is a more realistic
representation of the operation. Performance results of the network will be dis-

cussed in the next chapter.
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CHAPTER IV - RESULTS AND DISCUSSION

4.1. Centralized Scheduling Algorithm

Simulation results presented in [FRAS80] shows that with N=8, there is a
blocking probability of about 30% using address mapping. The results
obtained by exhaustive enumeration over all possible combinations of connec-
tions for a subset of requesting processors and free resources using the Central-
ized Scheduling Algorithm show virtually no blocking when the Omega and the
Binary n-Cube networks operate as RSIN’s. This set of results is the lower
bound blocking probability for the network and is regarded as a benchmark for
comparison with other algorithms. |

The Omega network is equivalent to the Binary n-Cube network with the
difference that it operates in the reverse direction. Using these networks as
RSIN's, they are also statistically identical. The performance of these net-
works is evaluated by selecting a random subset of processors and resources
and finding the maximum number of resource aliocations. If the Omega net-
work can be re-arranged into a Binary n-Cube network, then their performance
as RSIN's are identical. This rearrangement is exemplified in the Omega net-
work in Figure 3.9. If By, and B, , are moved so that they are adjacent to By 4

and B3 and with proper re-labeling of processors and resources, the Omega
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network is transformed into a Binary n-Cube network. Therefore, the perfor-
mance of the Binary n-Cube and Omega networks are equivalent.

From the results plotted it is seen that thg blocking probability and stan-
dard deviation are very small (Figure 4.1, 4.2). We can conclude that with a
good scheduling algorithm, the Binary n-Cube or the Omega network serves

almost equally as well the distributed Crossbar switch for resource sharing.

4.2. Centralized Scheduling Heuristics

The procedure Cenl_heuristic in Figure 3.5 has a complexity of O(log,N).
(It is proportional to the number of stages in the network). The worst case
complexity of the heuristic for x requesting processors and y free resources
(0 < x,y < N) is, therefore, O(N(RETRY+ l)log,N). If RETRY=0, the
heuristic has complexity O(Nxlog,N). If RETRY=N-1, the heuristic has com-
plexity O(N2log,N}).

Since the heuristic assumes a predetermined sequence of allocations and no
backtracking is provided if 8 wrong decision is made, the beuristic is sub-
optimal. The performance of the heuristic with RETRY =0 and RETRY=8
are shown in Figures 4.3 - 4.10. It is seen that the blocking probability is
higher than the optimal case (around 7%) and its standard deviation is also
higher. As the number of retries increases, the blocking probability reduces. In
general, the standard deviation of the retry case always seems to be better.

The Omega and the Binary n-Cube networks have different performance

on the centralized heuristic. This is due to the fact that the order in which
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resources are tried is different in the two metworks. The No retry heuristics
always tries to map processors to available resources one-to-one and do nothing
if connecting effort fails. Because of the its straight forward manner of allocat-
ing resources, the Omega network incurred higher blocking when more
resources are available. Finally, in the case of RETRY =0, the Omega and
Binary n-Cube networks have identical performance when the number of pro-

cessors and resources are equal. Elsewhere, the Omega network has worse per-

formance.

4.3. Distributed Scheduling Algorithm

4.3.1. Static Case

Unlike the centralized scheduling algorithm’s large overhead of sequential
scheduling when the number of processors and resources is large, distributed
scheduling algorithm schedules resources in parallel and has a delay time in
scheduling proportional to O(log,N).

The performance of the distributed algorithm is again plotted in Figures
4.11 - 4.14 and it is identical for the Omega and Binary n-Cube networks. It is
seen that the blocking probability is less than 209 in all cases and compare

favorably with the optimal algorithm and centralized heuristic. The standard
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deviation is approximately doubled as compared with the optimal case. The
average delay time for a request to access a free resource or be rejected is
shown in Figure 4.}13. The delays is never greater than 4.2 uniis of time in
which the delay through an exchange box is 1 unit. The delay time of the
algorithm is dependent on the delay in the network and not on the number of
requesting processors.

Figures 4.15 and 4.16 give 2 representative comparisons among the algo-
rithms. These results are plotted out from the diagonals of output results
matrices (Appendix). Therefore, the numbers of requesting processors are equal

to the numbers of free resources.

4.3.2 Dynamic Case

For ease of illustrating the dynamic case using the distributed algorithm, a
few acronyms are defined;

- RT: The average length of time a request will be processed by resources
if successfully allocated.

- RWT: A period of time during which a request is allowed to search for
free resources. Whenthis time is exhausted, the corresponding request has to
relinquish the network and all partially allocated resources.

- DT: A length of time during which data will be transferred from proces-
sor to the allocated resources once the connection is made.

- Pgr: Probability that a processor makes a request for i resources,

1=0,1,2,...,n. (m is the total number of resources existing in the network.) In
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this case, a geometric distribution is used. The inter-arrival time of requests in

the network can be computed using {P(x =0) is the probability of a

1
P.(x =0)
processor not making a request.}

In general, average network delay time is increased at RWT increases. It
is obvious that the longer a request is allowed to search for free resources, it
will have a higher chance bouncing back and forth until the allowed time is up.
This results in a higher delay time.

RT reflects the type of jobs in the system. The longer the jobs are, the
less resources are available to the network. In general, longer jobs introduce
higher blocking in the system. RT affects the system in the same way as
RWT. In addition, it is noted that there is an optimum point where blocking
is the lowest.

DT affects the system in the same way as RWT.

The work load in the system is as important as the type of jobs it
processes. The lower the P, the heavier the workload. P, behaviors can be
viewed in the same manner as that of RT.

In conclusion, there are tradeoffs in the system among RT, P,, RWT and
DT. Depending on the applications, it is found that the distributed algorithm
serves well in controlling the traffic and the delay time is proportional to the

number of stages in the network (Figure 4.17 - 4.24).
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CHAPTER V - CONCLUSION AND EXTENSIONS.

In this thesis, a study of resources scheduling on multiple resources using
interconnection networks was presented. The resource scheduling problem is
different from the conventional address mapping problem on interconnection
networks becaﬁse a request is not directed to a particular destination address
but to any one of a pool of free resources. Centralized scheduling algorithms
are very inefficient because all the requesting processors must be serviced
sequentially, and the central controller is a source of bottleneck when the
number of requesting processors is large. The distributed scheduling algorithm
allows the scheduling of all the processors to be performed in time proportional
to the delay of the network.

An interconnection network for resource sharing may operate in two ways.
First, the network is "circuit switched” and the processor and resource are con-
tinuously connected for the duration of use. In this case, the network nay be
partially busy when a new request is initiated. To avoid excessive blocking,
the network should provide conflict-free access even when other connections are
present. A distributed scheduling algorithm was designed for the cross-bar
switch and the implementation of a cross-bar switch cell was presented. Each
cell can be implemented with 12 gates and a flip-flop when the data path is one
bit wide. The cell is designed with the minimum number of signal lines. As a
result, the scheduling algorithm is divided into two phases and the algorithm is

asymmetric, that is, priority is induced into the scheduling of multiple requests.
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In order to allow the algorithm to operate in one phase, more signal lines are
needed between adjacent cells as shown in the distributed Omega and Binary
n-Cube networks., To remove the asymmetry in the scheduling, each resource
can send a short pulse along the resource availability line. This pulse acts like
a token and one of the requesting processors receiving this pulse will be allo-
cated. When different resources issue tokens randomly, the algorithm is syrﬁ—
metric.

Second, the network is "packet switched” or operates in block-transfer
mode. In this case, the resources are connected to the processors for a short
duration of time and can relinquish the network after tasks are assigned.
When a new set of requests are initiated, the network is almost or completely
free. Networks with logarithmic delays are suitable for this application. An
optimal centralized scheduling algorithm has been studied for the Omega and
binary n-cube networks. It is shown that there is an average blocking probabil-
ity of 196. This means that these networks have behavior close to the cross-bar
switch for resource sharing in a block transfer mode.

The centralized optimal algorithm has exponential time complexity. We
studied, respectively, two centralized heuristics (with time complexities
0(N?log,N) and 0O(Nlog,N) and a distributed algorithm (with time complexity
O(logyN}). In the distributed algorithm for the static case, each exchange box
in the network operates asynchronously and is responsible for resolving multi-
ple requests directed to it. Resource availability information is also passed
along the network to the processors. The control of the network can be
hardwired or microprogrammed. The blocking probability increases as the time
complexity decreases. In the worst case (distributed algorithm), the blocking

probability is around 1995, In the distributed algorithm for the dynamic case,
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multiple resources are used with varying processing time, The number of
resources which is requested by a processor is a variable of geometric distribu-
tion. Other variables involved are the rate of job interarrival time, length of
data transfer fime once resources are allocated, and an allowable perioci of time
during which a request may search for free resources. In addition, broadcasting
capability was incorporated into each exchange box which allows multiple
resources to be requested.

Several extensions can be included in the design. We discuss them briefly

here.

(1) The resources connected on the network do not have to be identical. In a
general system, there are multiple types of resources, each type is
made up of a set of identical resources. The algorithms discussed
have to be modified by identifying the type of resource requested by a
processor and the type of resource available on a resource availability
line. This can be done by sending a binary request code {instead of 1
bit) in the distributed algorithms. In the distributed Omega and
binary n-cube networks, multiple resource availability registers have
to be used in each exchange box.

(2) There is a tradeoff between the time complexity of the algorithm and the
number of signal lines between two adjacent cells in the distributed
RSIN's. A one-bit data path is assumed in the distributed cross-bar
switch. In the distributed Omega and binary n-cube networks, paral-
lel data path are assumed. This can be reduced by appropriate multi-

plexing at the external chip interface level.
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The distributed algorithm implemented in each exchange box does not
preclude operation under the address mapping mode. Further, the theory
underlying the design of the distributed Omega and binary n-cube networks
can be applied to other interconnection networks such as the Banyan [GOK73],
and Delta [PATR1]. In these networks, the number of input and output ports
can be different. The performance will be evaluated in the future. Future stu-
dies also include the performance evaluation of the dynamic case of the algo-

rithm using other probability distributions.
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APPENDIX

This section includes all source code written for simulations of Scheduling

Algorithms, Command file, Input file names, and Output results.



95

C ST e T N3 S 3 3 S S R 2 I 3 303 S 3 3 36 U I R S 40 T 3 36 S 3 36 SR 4

*#ew®* Unique Paths Table Generation ##xa#x

Program name : Net4094& ¢

Language : Fortran 77

Programmer : Anthony Hicks
Facilities : UNIX Dual-V¥ax 780 on ECN

Electrical Engineering Dept.
Purdue University

Date written : 4/15/1981

Date updated : 272071582

Description
Program to compute all 4096 possible ronnections of indirect
bimary cube & omega network of B processors to B resources
Every nested ‘Do’ in this program represents operations of
1 box cut of 12 boxes in the network. They are numbered
starting with I and in column major fashion.

External Files — For Cube network Input : Ind40956. cube
Cutput : Arrange. cub
For Omega network Input : In40%9& ohm

Dutput : Arrange. ohm

TSt T T T TN I A N T T TE 30 36 T T I I W I N T3N3

A NDANNAARNPPAAM AN N AN ANAANANNN

integer data{S0), fstage(B), top(50), bottom(5S0), 1ink(50)
character#5 net
data fstage/1,3,5:.7.2.4,.6&,8/
read{3,11) net
11 formatl{ad)
do 5 1 = 1,32
S read(5, %) data(i), top{i), bottom(i)
de 10 model = 1,2
moed]l = model — 1
call assignimodel—1, top.bottom link, 1)
do 10 mode2 = 1,2
med2 = mode2 -1
call assign{mode2-1, top.bottom. link,3)
do 1O model = 1,2
mod3 = mode3d - 1
ctall assigni{mode3~1i, top, bottom link. 3)
do 10 moded = 1,2
modd = moded — 1
call assign(moded—{, top,bottom, 1ink,7)
do 10 moded = 1,2
modS = modeS -1
ctall assigni{mode5—1, top,bottom: 1link,?)
do 10 moded = 1,2
modd = moded — 1
call assign(modeé—i, top, bottom, link, t1)
do 10 mode7 = 1,2
mod? = mode7 — 1
call assigni(mode?—1, top, bottom. Link., 13)
do 10 modeB = 1.2
medB = mode8 - 1
call assigni(modeB-1, top,baottom Iink,15)
do 10 mode? = 1,2
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mod? = mode% -1
call assign{mode?—!, top, bhottom, 1ink, 17}
do 10 modelQ = 1,2
mod10 = modeld - 1
call assigni{modelO-i, top.bottom link, 12)
do 10 madell = 1.2
modil = modell -1
call assignimodeii-1, top.bottom, Iink., 21}
do 10 model2 = 1,2
mod12 = model2 - 1
call assign(modei2-1., top.bottom link, 23}
if{net .eq. ‘omega’) then
write(é, 20) (data(link(link(link(fstage(il)})}), i=1,8)

< #modi, mod2, mod3, mod4, modS, mod&, mod7, modB: mod?, mod10, modli, modi2
else
write{s,20) (datal{link(link{link{(i))}), i=1,8)
endif

10 continue
20 format(ix,.8(1x,1i1)}
stop
end
c
c
€ 3 33k B U e e A B e B e He e Fe Y S e e N N N B HSE e W
[3
Routine to set boxes for copnectians

Convention: ‘0’ for Straight.
1’ #or Diagonal.

33 WS A A6 U e e 36 S S 3 3 3 2 3 3 S 3 A 3t J IR

AN O aMntAN

subroutine assignimode, top, bottom, link, index)
integer top(50), bottom{50}), 1ink(50)
if(mode .eq. O0) pgo to 10
link{index) = bhottom{index)
link{index+1) = top(index+1)
go to 20
10 link{index) = top{index}
link(index+1) = hottom{index+1)
20 return
end
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program tree(input, output.arrangel;
{33630 W S5 36 J6 36 T3 T AR A6 3636 I SRS I IS RN HFHE)

(# *)
(% Tilted Binary Tree Creation Program *)
{® %)
(% Program name: Tree. p #}
{3 #)
(% Language Pascal #)
(£ #)
(€ Description To create a tree structure for *)
% a cube intercomnnection network *)
€3 to be search as a centralized #)
(% algorithm *)
(* *)
(% Frogrammer Anthony Hicks *)
(% *)
(% Files External Input ArTange *3
(¥ Output HEBE NN *)
{* *)
(* System Unix v7.0 on Vax 780 *}
(% EE Dept. Purdue University #*3
{ *)
(& Date written: 9/11/71981 Updated @ 9/30/1981 *)
(» »*)

€ 596 36 3 3 26 3020 2 e b I S Y3 DS S 3 A S T3 ST I S I 3 3 W KA )

const

type

vVar

procedure
procedure
procedure
procedure
procedure
procedure
procedure
proctedure

numofnod
limit

trees

addloca
arrange
avail
endofdat
i, Jak
lastioca
level
locapntr
newnode
node
processo
resou

addanode; £
buildit; £
builtree:
fileit; i
finsert; £
getinput;: ¢
initiali; #
insert; £

= 35000:
= B;

= record
TEeSOUTC
side
down
end;

integer:
text;

integer;
boolean:
integer;
integer;
integer;
integer:
integer:

(€ 3
(*
(£ 3
(%
(€]
(€]
(%
(%
{%

integer;
integer;
integer

location a node to be added #)

4096 connections *)
next avail node *)
end of input data flag *)
general counter variables *)
last location o a root *)
level counter of nodes *)
present location of pointer ¥*)
new input node *)

arrayll. . numafnodl] of trees;
arraylCl..limit] of integer;
arrayli. . limit] of integer:;

orwardi
orward;
orward;
orwardi;
orward;
orward;:
prward;
prward;
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{ *****************i************i*****#****i*****-ﬂ-*******-}********* )

(£ *}
(44 Addanode — Routine to add a node to the tree *}
{# *)

{ *******************%*******H******************************{'***** )

procedure addanode;
begin
case addloca of
1: nodellocapntrl.side := avail;
2: nodellocapntrl. down ;= avail:
end; (# case of *)
lastloca = locapntr:
locapntr := availi;
avail = nodelavaill. side;
nodeLlocapntr]. side := —1;
nodeflocapntrl. resourc = newnode;
end;

{ 363 H I 30 e S 3 B o S e W N e e B I T T35 3 I Tk S i 33 )

(* *)
{(* Buildit - Routine to build the whele tree *)
{* *)

S 3 T T U 6 I I T TR S I3 S I R I I RN AT )
procedure buildit;
begin
while not endofdat do
begin
locapnty = 1;
level = 0;
gor i:= 1 to limit do
begin
level := lewvel + 1;
newnode := resoulprocessollevelll;
builtree;
end;
for J:= 1 teo limit do
read(arrange, resoul 31);
readln{arrangel;
it eoflarrange) then endofdat := true;
end;
nodel1). resourc := avail;
end;

{ -l'**&******************************H************************* )

(€3 *}
(€] Builtree — Routine to add or insert a node to the tree #)
(% L3

{ -1!--l--l'********i-i'************-l'-]Hl-**'!'**************************-I-l'** )
procedure builtree;

begin
i¥ nodeflocapntr]. down = -1 then
begin
addloca := 2;
addanode;
end
else
begin
lastloca = locapntr;

locapntr := nodellocapntr]l. down;
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if newnode < nodeflocapntrl resourc then

finsert:

it newnode > nodellocapntrl resourc then

begin
i¢* nodellocapntrl. side
begin
addlaca := }1;
addanode;
end
else
begin
repeat
lastloca
locapntr
until {(newnode

= =1 then

;= Jocapntr;
:= nodellocapntrl. side;

<= nodellocapntrl. resourc?}

or (nodellocapntrl. side = =1);
if newncde < nodefllocapntrl. resourc.then

insert;
if nodellocapntrl side = -1 then

begin
addloca = 1;
addanode;

end;

end;
end;
end;
end;

{ T S M6 I M3 I I I I T3 e e Sk S U A I I I Sk M I S i P 3k U A A I I b
(#* *)
(* Fileit — Routine teo print out trees *}
{(» *)
{ P2 I 36 3 S 6 I I M 35 3 I P T e I I M3 T SR I 0 I B 6 3 3 3 S )
procedure fileit;

begin
for k:= 1 teo avail do
begin
write(k:5, ° ‘,nodelk]. resaurc:1l,’ “,nodelkl side: 5,
4 ', nodelk]. down:5);
writeln;
end;
end;

{369 Bk A 2 A T ST B S T30 I 6T Ve A S I I I I T 6 3 T N N S )}

(» *)
(» Finsert — Routine to insert a node a a head level node *)
(* *)

{ 3 95 T 30 3 0 3 P A TE B A 2 6 I 6 253 36 I P S S W 35 AT IR TR S I I 3 3 TN TR 3 S 3 S }
procedure finsert;
var save integer;
begin
save = nodelavaill. side;
nodefavaill side := nodellastlocal. down;
nodeflastlocal. down = avail;
locapntr = avail;
avail := save;
nodellocapntrl. resourc
end;

;% newnode;
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{ LR A RS st n b n Sl Lo et R 2t R R R R SR A R ARTE R A VR vey b

{ % *)
(% Getinput — Rputine to read in input data *)
(# *)

e e L v I R A A VI
procedure getinput;

var m : integer;
begin -
for m := 1 to limit do
begin

read(processolml);
write{processolml: 2};
end;

writeln;

readln;

Tesat (arrange);

for m:= 1 te limit do
read(arrange. resoulml);

readin{arrange)}; -

end;

{ bt e et g L o bt e L Ottt R S SR LR TR R TN T P e vy b

(% *)
£ Initiali ~ Routine to initialize the tree array *)
{% #*)

e e L T T T B v g
procedure initiali;

var 1 : integer;
begin
for 1 := I to numefnod - 1 do
begin
nodelll. side = 1+);
nodell]l. down := -i;
end;
nodelnumofnod], side := —1;

nodelnumofnodl, down := ~1;
avail = 2;
nodelil) side := —1;
endofdat = false:;

end;

[ LD 2 S 2 23 2 22 R 2 A R T ety PP et e T 2 A A 3 e e I )

{# E'Y
(* Insert - Routine to insert a node on the same level *)
{5 *}

e v VgV
procedure insert;
var save : integer;
begin
save = nodelavaill. side;
nodefavaill. side := nodellastlocal. side;
nodellastlocal. side := avail;
locapntr := avail;
avail = save;
nodellocapntrl. resourc := newnode;
end;
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{ L i ad fn d s tn 2 g At sl e st L L T L RS ETEETE

(% *)
{® Driver - Main program *)
£ ®)
(*%**************i***********'I'-l--!-i-I-Ei--l-***-}l********************* )
begin

initiali;

getinput;

buildit;

Ffileit;

end.
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C 303 T D3 M 43 I 36 T T W 2 3 H B 2 2 3R I I o 6 3636 3 I

naoannn

A AN NN NN ADOAOfNY AN ARN

L]

B
P
La

Pr
Fa

Da
Da

De

Ex

inaruy tree S e arch Algoerithm
ogram name : Search. f
nguage 1 Fortran 77
ogrammer ' Anthony Hicks
cilities : UNMIX Dual-Vax 780 on ECN
Elegtrical Engineering Dept.
Purdue University
te written : 0%/15/81
te updated : 02/20/82
scription

This program search binary trees to compute the lower

bound blocking probabilities of the centralized
algerithm for the Cube & Omega network.

ternal Files -~ Input : Procreq Requesting processors
Resoava Available rescurces
Statable Statistics table
#ARHRRHH Tree to be searched
Qutput : Statable BStatistics table

ok ok G ok ok od ok ok ok kb ok ok %k ok R ok kK ok ok K

T A1 W T T I T A TS e T I I I TSt B B Bk B SE U T I I 6 RS

10

100
200

integer*2 size, data(30000). side (30000}, down (30000}, proc (8)

read{(3. %) (proci{i), i=1,B8)

read{3, #) a, size, side(1), douwn(l)}
call driver{(size.proc,data,side., down)
stop

end

*HHinnNwet DR I VER W25 I I

subroutine driver{size,proc., data, side, doun)
integer#2 size, data({size), sidel{size), downi{size).,
#proces(B), resour{8), proc(B8), sucpro, i, j, k., pnum, rrum
integer statab(B.8,3)

data(l) = size

open(2, file='procreq’, status="0ld"’)

cpen{(3, file=‘respava’; status=‘ald’)

openi4, file="statable’, status='old")

rewind 2

rewind 3

rewind 4

Tread (5, #, end=7) n, datain), side(n), downi(n}
go o0 3

Tead(4,#) helle

do 10 k=1,3

do 10 i=1,8B
read{4, #) (statab(i, j, k), j=1,8)

close{d4, status="keep ')

open(4, file=’statable’, status=‘0ld ")

rewind 4

read (2, ¥, end=200) pnum., (proces(i), i=%, pnum)
read(3, #, end=8B00) rnum., (resour(i),i=l, rnum)

call searchi{size,sucpro,data.side, down,proces. resour, proc,

#pnum, TNUM)
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statab(pnum: rnum, 1)+sucpro
statab {pnum, rnum, 2)+1
statab{pnum: rnum, 3)+sucproxx2

statab{pnum, rnum. t)}
statab(pnum: Pnum. 2}
statab {(pnum, rnum, 3}
go to 200

BOO close(3, status='keep’)
open{3, file='resbava’, status=‘o0ld*)
Tewind 3
go to 100

P00 write(4, 17} (procik}, k=1, B)

17 format(2x.8i1)
do RC1 k=1,3
do @01 i=1,8

201 write(4, 210} (statab{i. y, k), y=1,8)
210 format(3x,8(2x, i8))
endfile 4

close{2, status="keep ")
close(3, status='keep’)
close(d, status=‘keep ‘)
return

end

HEREFBAAER S E A R C H  SHEFEXRENNE

subroutine search(size, sucpro,data,side,down. proces, resour,
#proc: pnums TNUM)
integer*2 size,data(size), side(size), down{size), pnum.
#rnums proces{8), resour(B), sucpro. stklev(50). stackli {50},
*¥stkpno(50), proc(8), stkptr(50), ptrl, levcnt, laspno
integer treptr, ptr2
levent
laspno
sUcCpTO
treptr
ptrt =
ptr2 =
100 treptr down{treptr)
levent=levcnt+l
200 ifisidel{treptr) .ne, -1} then
ptr2 = ptr2 + 1
stackl{ptr2) = sideltreptr)

~ 000

Hoonsunn

stklevi(ptr2) = levcnt

stkptri(ptr2) = ptri

stkpno(ptr2) = sucpro
endif

if(proc{ievent) .eq. proces{ptri+i}) then
ptrl = ptrt + 1
de 5 io=i,rnum
if{datal{treptr) .eq. vesour{is)) then
SUCPTO = sutpro + 1
go to 300
endif
=1 continue
endif
A00 if(sucpro .eq. pnum! go to 300
ifi{dewn{treptr) .eq. -1 .or. pitril .eq. pnum) then
ifiptr2 .eq. O} go to 400
treptr = stackl{ptr2)
levent = stklev(ptra)
ptrl = stkptriptr2)
if{sucpro .gt. laspno!) laspno = sucpro
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sucpro = stkpno(ptrl)
ptr2 = ptr2 - 1
g0 toc 200
else
go to 100
endi#

400 if(sucpro .1t. laspho) sucpre = laspno
SO0 return
end
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BOO

Centralized control Heuristic without retry

gsgram hame Algol. £
nguage : Fortran 77
pgrammer : Anthony MHicks
cilities : UMIX Dual-Vax 780 on ECN
Electrical Engineering Dept.
Purdue University
te written 10/24/81
te updated 02/06/82
scription
An allocation heuristic using direct matching between
processors & resources Y without retry .
ternal Files -~ Input : Procreqg Requesting processors
Resoava Available resources

Indirect. cub Connection table

or Indirect. ohm "

Output . Statable Statistics table

character#*5 net
integer data{50): top (50}, bottom(30), 1ink (50},
#proces(), resour({8), sucpro, pnum, rnum, shfnum
integer statab(B.8, 3), fstage(8)., addres (8, 3}
common addres,data, top, bottom, link, proces, resovur,
#pNIUM, THIUM
data fstages/1.3.5 7.2,8,. 6.8/
open(a, file=’'procreq’: status=‘0ld’)
open(3d, file='resoava’, status='old ")
open{d, file=‘'statable’, status=‘'0ld ‘)
rewind 2
rewind 3
rTewind 4
read{5: 1) net
format(as)
read (5. #) shift, shfnum
do & i=1.8
read(5, #) (addres(i, j), g=1,37
da 7 i=1,32
read{(5. #) data{i), top{i). bottom{i)}
read {2, %, end=%00) pnum., (proces{i),i=1,pnum)
write{&, #) ‘request: ‘, {proces{kk)}, kk=1, pnum)
if{net. eq. ‘omega’) then
do 11 i=%, pnum
proces(i) = fstagelproces(i))
endif
raad{3, %, end=BO0) rnum, (resour(il),i=1, rnum’
writel{d, *) ‘regaava: ‘', (resour(i), i=1l, rnum)
write(b, %) ‘mapped to: ‘, (proces(kk), kk=1, pnum)
call algone(sucpro.shift, shfnum)
statabi(pnum, rnum., 1) = statabipnum, rnum 1)+sucpro
statab{pnum. rnum. 2} = statab(pnum rnum. 2)+1
statab{pnum, rnum. 3) = statab{pnum:; Tnum, 3)+sycpro**2
go to 200
close(3, status='keap’)

ar

R ok ok ok ok ok ok ok ok ok ok ok k ¥ % ok Kk k k & ¥

et N T I 33 I I I A AT I e e 0 T P T e 2 T B e BB 3



[

106

open{3, file='respnava’, status='pld"’)
rewind 3
ga to 100
F00 do 901 k=1,3
do 201 i~1,8

701 write(4,?10) {(statab{i, j, k), y=1,8)
910 format(3x, 8(2x, iB})
endfile 4

tlose(2, status=‘keep’}
close(3d, status=‘keep )
closel(4, status=‘keep”’)
stap
end

[ st s s ket ad i et st ot st S

c
c
[

Direct matching algorithm

T U3 e P T A SN T T B B P

c

subroutine algone({sucpro. shift, shfnum)
integer flag(12,2),addres(8:3). sucpro: pnum. Tnum,
*data (50}, tap(50), bottom(S0), 1ink(50), proces(q},
*resour(B), shift, tempro, box., save. shfnum. bokeep (3}
common addres, data, top, bottom: link.:proces, resour,
#prium, TRUM
do 2 i=1,12
do 2 }=i,2
2 flagii,y) = 0
sucpra = Q
if(shift .eq. ©O) go to 20
do 3 m=1, shfnum
save = resour(i)
doe 10 i=1, rnum—1
10 resour{i) = resour{(i+i}
3 resouri{Tnum) = save
20 npnum = pnum
if{pnum .gt. Tnum} npnum = rnum
do 3C i=1, npnum
tempro = proces(i)
do 35 k=1,3
call conver(tempro, addres(resour(il, k), iset)
box = {(tempro+i)/2
now = borw2-1
if(flag(box, 1) .eq. O} then
call assigni(iset, top: bottom, link: now)
bokeep{k) = box
flag(box,2) = iset
endif
write{4,#) ‘box: ‘,box,flag(box,1),flagtbox,2)
if{(flag(box. 1) .eq. 1) then
ifi{flaglbox,2) .ne. iset)goc to 30
endif
35 tempro = link{(tempro)
if{data(link{link{linki{proces{i))J)) .eq. resour(il)}
sucpro = sucpro + 1
do 113 ki=1,3
113 flag{bokeep(kll, 1) = 1
write(&, %) ‘succeeded: ‘. proces(i),’ to
endif

.

rTesouT (i)

then
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30 continue
return
end
C
X2 22T 222 2 22 XS L8 LT B e
c
¢ Box function set routine
[
€ 30 S 336 696 396 36 4E I S I 46 3090 2 36
c
subroutine assigni(mode, top, bottom link, index)
integer top(50), bottom(50}). link{(350)
if{mode .eq. O) geo to 10
link{index} = bottom(index)
link{index+1) = top{index+i)
ge to 20
10 link(index) = top(index}
link(index+1) = pottom({index+1)
20 return
end
[
C B30T 03 3 3 - 236 23 B S I S S
c
¢t Box input terminal conversions
c
€ AN e I I T T I S I AT
€
subroutine conver(inport, yset, newset)
integer inport. )set. newset
if(inport/2#2 . eq. inport) then

if{jset . eq. 0) newset = 1
if()jset .eq, 1) newset = O
else
newset = jset
endif
return

end
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3 303 3 336 T0 I 3095 30 3030 303 FBb S e b 33 3 36 3R B3 3 S S 0 3 X R

[ 4 *
c Centralized control Heuristic with RETRY #
c *
¢ Program name Algo2. ¢ *
¢ Language H Fortran 77 *
c Programmer :  Anthony Hicks *®
¢ Facilities : UNIX Dual—-Vax 780 on ECN *
c Electrical Engineering Dept. »
c Purdue University #
c Date written 10/24/81 *
c Date uvpdated : 02/04r82 *
c »
¢ Description #
3 An allocation heuristic by direct matching between »
[ processors & resources then RETRY all other *
c available resources if it failed to be connected *
c the 1st time until there is a connection er all *
£ of resources have been tried. #*
c »
¢ Exfernal Files - JInput : Procreq Requesting processors #
c Resoava Available resources *
c Indirect.cub Connection table *
c or Indirect. ochm " " *
c Dutput : Statable GStatistics table *
[« *
[ =4 'i'-ID*'I'******m*****‘I'*'D-l"l-'l"l'*‘I‘*******M**************i**************
c

c

character#5 net
integer data(50), top(50), battom(50), 1ink(50),
#proces{B); resour(8): sucproa. pnum, Tnum shfnum
integer statab(8.8,3), fstage(B8B), addres(8, 3)
common addres. data, top, bottom. link. proces. resour,
*pnum Tnum
data 'Fstagell. 3.8.7.2. 4, 4.8/
cpen(2, file=‘procreq’, status='old")
open{3; file=‘resoava’rstatus=‘o0ld’)
apeni{d, file=‘statable’. status=‘0ld "’}
Tewind 2
rewind 3
rewind 4
read{% 1) net
1 formatlad)
read (5, %) shift, shfnum limit
do & i=1.8
65 read(5, %} (addres{i, j)., j=1,.3)
do 7 i=1,32
7 read(5, #) data(i). top{i}), bottom(i)
100 read(2, %, end=200} pnum., {(proces(il), i=l,pnum)
ifinet. eq. ‘omega’) then
do 11 i=1l,pnum
11 proces(i} = fstagel(proces(i})
endif
200 read(3, ®*, end=800) rnum; {(resourii), i=1,rnum)
call algtwo{sucpro,shift, shfnum: limit)
statab (pnum: rnum, 1) = statab{pnum, rnum, I)+sucpro
statab(pnum rnum, 2) = statab(pnum: rnum, 2)+1
statabipnum, rnum: 3) = statab{pnum rnum:3)+sucprowul
goe te 200
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800 close(3, status='keep’)
open(3, file=‘resnava’, status=‘0ld ‘)
rewind 3
go to 100
P00 dp FOL k=i, 3
do 901 i=1,8

701 write{4,210) (statab{i, j, k), y=1,8)
2?10 format(3x.8(2x,i8}))
endfile 4

closel{2, statysw’keep ')
close(3, status=‘keep ')
close(4, status="keep ")
stop
end
c
[ et o s e S R PR R Y Y T T
£
¢ Direct matching algorithm with retry
S
£ T 2 I 2T T I 3 Sk e A I 2 26 I T I N I
4
subroutine algtwo(svcpro, shift, shfnum: 1imit)
integer flag({i2,2), addres{B: 3), sucpra: pnum: roum
#data(50), top (50}, bottom{S50). 1ink{50). proces{B),
#resouriBl, shift, tempro, box, save, shfnum, rstatu(8}
common addres,data, top,bottom. link.proces. resour,
#pnum,: THUM
integer pointr,bokeep(3)
do 1 i=1, rnum
1 rstatuli) = O
do 2 i=1,12
do 2 j=1.2
2 flag(i, J) =0
sucpro = O
if({shift . eq. Q) go to 20
do 3 m=1, shfnum
save = resour{i)
de 10 i=1, rrnum—1
10 resour(i) = resourli+l)
3 resouri{rnum) = save
20 npnum = pnum
if{pnum .gt. rnum .and. limit .le. !} npnum = rnum
pointr = 1
do 30 i=1,npnum
if{pointr. gt. rnum) go to 30
do 34 I=1.,rnum
ko = pointr+l-i
if{ko. gt. rnum) ko* ko=rnum
if{rstatu(ko) . eq. 1) then
if(ko. eq. pointripointr = pointr+l
go to 34
endif
tempro = proces(i}
do 35 k=1.,3
call conver(tempro, addresiTesouri{ko). k), iset?
box = {(tempro+l)/2
now = box#g-{
if(flagtbox,1) .eq. 0) then
call assign(iset, top.bottom. link, now)
bokeep(k) = box
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flag(box,2) = iset

endif

if{flagibox,1) .#q. 1) then
ifl{flag{box.2) .ne. isetlgo to 34
endif

35 tempro = link{tempro)

if{data(link(link{link(proces(i}J}})) .eq. resouri{ke)) then
SUCpPTO = sucpro + 1
rstatui{ko) = 1
do 113 11=1.3

113 flag(bokeep(ll’, 1) = |
if(l eq. 1) pointr = pointr+t
go to 30
endif

34 continue
30 continue
return
end
[
S A SR i a s e L2 LT 2 T SR P Y F gy
c
¢ Box function set routine
c
(R G at S S22 0 S ESE L E T R
c
subrouvtine assigni(mode, top. bottom, link. index)
integer top(50}). bottom{(50C)., link{(S0)
if(mode .eq. 0O) go to 10

link{index) = bottom{index)
link(index+1) = top{index+1)
go to 20

10 link{index) = top{index)
link(index+I) = bottom(index+1)
20 return
end
c
[ St b b o L 2 X 2ot oL B 2 T R R TR A gegeiey
c
¢ Box input terminal conversions
£
€ T2 A S I A 3 e 0 0963636 3 3
[
subroutine conver{inport, yset: newset)
integer inport: jset, newset
if{inport/2#2 _eq. inport) then

ifl{)set .eq. D) newset = 1
if{yset .eg. 1) newset = O
else
newset = set
endif
return

end
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r,'*************”********i*****************#***********************

c *
[ DI STRIBUTETD CONTROL *
c ALGORITHM 1
c *
¢ Program name : Distritime.¥f *
c¢ Landuade : Fortran 77 *
c Prodrammer : Anthony Hicks *
c Facitities : UNIX Bual-Vax 780 on ECN *
[ Electrical Endineering Dert. "
< Purdue University *
c Date written @ 1t/05/81 *
¢ Date updated : ©01/24/82 *
c *
¢ Descrietion H +*
c This prodsram dgives each of the control box intelligence »
c to resolve incoming reauests and routes them to *
c next stade & also keer track of the average delay *
c for each request to either made it or be rejected, *
c *
¢ External Files - Ineut i Procres Remuesting processors
c Resoava Available resources #*
c Indist.cube Connection table *
[ or Indist.ohm " » #*
[ Output @ Statable Statistics table +*
c *
C WA TSN I I T A I T FH A A S 6 T T2 26 0 2 96
=

<

c Declarations

[-4

inteder data(30),btor{S50),bbot{S0),F1ink(S0),blink(5Q) .
*proces(8)>resour(8);sucrros POums FRUMy FBot{50), Ftor(50)

inteder statab(8.8.3)-f1ag(12,2).box(12,5)

inteder count,mronum(260).rin(260,8),rin(260,8).,
#resnum(2a60)

double precision time.stat(s,8.2)

character#S net

common ftom,fbot,btor,bbot,flinksblink,rroces.recours,
*#Pnums rhums Flad, bax, irtra.irtrb, time

c I nitializations

data statab.stat/192#0, 128#0./
orPen{2,file="procrea’,status="old”)
open{3,file="rescava“,status="0l14d")
open{4, file="statable’.status="014")
rewind 2
rewind 3
rewind 4 .
do 1 la=1,12
box(la.l) = taw2+7

1 box{las2) = box{la.,1)+1

c InpPut netwonrk connections
read{BH,2) net

2 formati(al)
do 7 i=1,.8
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read(S, #) data
do 8 i=9,31,2
read{(5, %) data
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(1}, fFtop (i}, fhot(i), btopli). bbot(i)}

(i}, ftop(i), fbot(i).btop(i)d. bbot(i)

data{i+t) = data(i)
ftopli+t) = ftopli)
fhot{i+i) = £hotl{i)
btop{i+i) = btop(i)
bbot{i+1l) = bbot{(i)
continue

do @ i=33. 40
read(3, #) data
count = |

(i), ftopli), fhot{i), btopl{id, bbot(i)}

npuovt Combinations

100 read (2, #, end=200) pronumicount),

200

#{pin(count, k.

k=i, pronum{count))

count = count + 1

go to 100
kount = 1

300 read{3,*, end=400) resnumikount},

#{rinf{kount, k).

k=1, resnum{kount))

kount = kount + 1

go to 300

Generat.i

ng Requests

400 do 40f i=l.count-1
pnum = pronum{i)
de 11 io=1, pnum

11

i2

401

proces(io)

Generati

= pinfi,io)

n g Availabili¢ties

do 401 =1, kount—1
rHum = resnumi )

do 12

Jo=1, rnum

resour{jo} = rin(y, jo?

Broadcecas

call brocas{ne

ting

t. rnum, resour, box, btop, bbot, flag)

Distribuwuted algoerithm

call protoc(sucpro,net)

Updating

s tatistics

statab{pnum: rnum, 1) = statabi(pnum rnum: I¥+sucpro
statab{pnum: rnum, 2) = statab{pnum, rnum 2)+1

statab{pnum, Tn
time = time/fl

um, 3) = statab{pnum, rnum: Jt+sucprows2
sat{pnum)

stat{pnum. rnum, 1) = stat(pnum.Tnum: i} + time
stati(pnum:, rnum 2) = stat(pnum rnum 2) + time*x2

continue
Dutput

de 90t k=1,3

s tatistices
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do 901 i=1,8
201 write(4, 210) (statab (i, j, k), y=1.8)
do 902 k=i.,2
do 902 i=1,B
F02 write(4,911) (stat(i, y, k}, y=1,8)
P10 format(3x,8(2x,18}}
11 format(2x.8{1x, #15. 9))

=
c Closinag files
<
endfile 4
close{2, status="keep '}
close(3, status="keep )
tlosel(4d, status=‘keep’}
stop
end
c
c

(Lot 2 P b ol 2o o n S a2 o 2t n ot

¢ Box function set Toutine
[ 22 ST 2R R 2 R R TR R

c

£
subrovtine assign{(mode, top, bottom flink,blink, index)
integer top(30), blink(S0), bottom(50), flink(S0)}
if{mode .eq. 0) go to 10
flink(index) = bottom{index)
flink(index+1) = top(indax+1)}
biink{bottom(index)) = index
blink{taoplindex+1}}) = index + |
ge to 20
10 flink(index) = top{index)
flink(index+t) = bottom({index+1)
blink(top(index)) = index
blink(bottom({index+1)) = index + 1
20 return
end
4
c
S b n sl s s ot ad oot ool Pttt PSR PR S S TS
[ Routine to Broadcast available resources

o R L L T 2 3
4
c
subrovtine brocas({net, rnum, resour,box,btop,bbot, flag)
integer rnum,box{12, 5),avail, btop (S50}, bbot(50), resour{8,
#flag(i2, 2)
character#3 net
do 2 i=1,12
do 3 k=3.5
3 box(i, k) = 0
flag(i. 1) = 2
2 flag(i,2) = 2
do 10 i=1.rnum
avail = resour{i) + 32
ifinet .eq. ‘cudbe ‘) then
if{avail.ge. 33 .and. avail. le. 3&) avail=btoplavail)
iflavail. ge. 37 .and. avail.le.40) avail=bbot{avail}
endif
ifinet .egq. ‘omega‘) then
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20
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if(avail/2#2 .ne. avail)avail = btopf{avail)
iflavail/2#2 .eq. availjlavail = bbot(avail)
endif
iJk=(avail-7)/2
if{avail eq. box(ijk.1)) then
box(ijfk.3) =
box{(ijk.5} = box{iyjk,5) + 1
endif
iflavail. eq. box(i k,2)) then
box{(igk,4) = i
box{iyk,:5} = bax{iyk,5) + 1
endif
continue
do 19 )=1,2
do 20 k=9,12
Jo = k=((;—1)%4)
call brosat(box,btop.hbotabox(Jo.lﬁ,box(Ja.5))
continue
continue
return
end

Routine to set boxes for Broadcasting uses
C I TIE T T I T AT I T T T 6T AE I T AT I8 06

56

11

subroutine broset(box,btop.bhot, avail, sum)
integer sum, btep (50}, bbot (50}, 1ink(2), box (12, 5},

*curhox(2), avail

link¢1) = btoplavail)

link(2) = bbot(avail)

curbox{1l) = (link(1)-73/2

CuTbox{2) = (1ink(2)-7)/2

format(3x, 4(2x, i5))

do 11 ;=1.2
i#(link(J).eq.hox{curboz(J).1)) then

box(curbox(}},3) = sym
box(curbox{j).5) = borx(curbox(y),5) + sum
endif

if(link(). eq. box(curbox( ), 2}) then
box(curbox(s),4) = sum
box(curbox(j),5) = box(curbox(y),5) + sum
endif
continue
return
end

T 4R I3 I I

Sort Routine
[ f 2 2 ETTETRV NN

c

c
c

subroutine sortix,n)
integer x(n?}

do 10 m=2, n

k=m

S if(x(k} .le. x{(k/2))gn to 10



c
T

ky= x{k)

#(k} = x{k/2%
(k72 = ky

k= k/2

if{k.gt. 1) go to 5

12 continue

do 30 nm=2,n
m = n-nm + 2
itop = x(1)
J =1

25 if{m. le. j%2) go to 27

if(x(2%)). ge. 1 (2% j+1))i=D#
PfF(x(285), 1t x (2% j+1) ) i=2% 3+1
if(x(i). le. x{(m))go to 27

x(J) = x(i)

J=1i

go te 25

27 x(3) = x(m)
30 x{m) = jtop

Teturn
end

© W3 Tt T U3 2 S 3T T 0 I A

4

Routine to make connections

(LR b S g ot ot s DAL R TS S s S

c
[

c
c

subrputine comnec(t, b, mode. termi, sucpro. curbox, stackb)

integer t.b.modeatermi;sucpro-stackb(30):Flag(lE.?).curbax,
#box{12, 5); ftop{(50). btop(50), fFEot (S50}, bbot (50). FI1ink (50},
#b1ink (50}, proces(B), resouri8)

double precision time

common ftop, fbot, btop,bbot, flink,blink,proces, resour.,
#pnum: Tnum: flag, box, iptra.iptrb, time

ifi{t. eq. 1 . and. mode. eq. O})flagl(curbox, 1) = ¢
if(t. eq. 1 .and. mode.eq. I1})flaglcurbox,1) = 1
if{b.eq. 1 .and. mode.eq. O)flag{curbax,2) = O
ifib.eq. 1 .and. mode. eq. 1)Fflag(curbox,2) = %

if{t. eq. 1} then
call update(termi, sucpro, iptrb, iptra, flink, stackb, time)
if(b.eq. 1}call update(termi+l, sucpro, iptrh. iptra, flink,
#stackb, time)
endif
ifib.eq. 1 .and. t.ne.1ideall vpdate(termi,sucpro, iptrb, iptra,
#flink: stackb, time)
return
end

SR bt b b R L L s sl EL LR B L R R R T Y

c

Routine to update succesful processors counter

© W HAE A3 I I S S J N B 63 W 6 I I 3 S S I 36 23 3 e

[
c

subrovtine update{termi, sucpro, iptrb, iptra, £flink, stackb, time)
double precision time
integer termi,sucpro,iptrb.iptra, F1ink(50), stackb (30}
if{termi. ge. 25 . and. termi. le.  32) then

if{flink(termi). ge. 33 . and. flink(termi). le. 40}sucpro=sucpro+1
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else
iptrd = iptrb+1l
time = time + 1.
stackb(iptrh) = flink(termi)
endif
iptra = iptra - i
Teturn
end

c
c
(e L S R Rt L 2 2 0 g B T R R R Y La s S o b g L L Lt L2ty E
€ Routine to backtrack whenever required
© 3636 M 33 I B H I 3630 I 6 AF 1 T30 9606 FE 336 I E 3 I AR -
c
4
subroutine bactrk(termi.blink.iptrb,box.iptra.stackb.Flag.time)
integer termi,blink(50), iptrb, iptra, box(12,2), bacbox
integer stackb(30}, flag(12,2)
double precision time
if(termi. ge. 17) then
iamsblink{termi)
iptrb = iptrb + 1
time = time + 1.
stackb(iptrh) = ia
bacbox = (ia-7)/2
if{ia/2#2 eq. ia) then
if(flag(bacbox.2). eq. 80) box(bachox., 4)=0
if({flag{bacbox,2). eq. i} box(bachox, 3)=0
if{flagtbacbox,2}. eq. 2) box{bachox,3) = O
endif
if(ia/2%2. ne. ia) then
if(flag(bacbox. 1) eq. Q) box(bacbox, 3y=0
if(flaglbacbox,1). eq. 1) box{bacbox, 4)=0
if{flaglbacbox,1). eq. 2) boxt(bacbox:4}=0

epdif
endif
iptra = iptra - 1
Teturn
end
c
c

C I A I F I AT I I J T I 3T T I JE I S S 3636 2966 I3 36 A I
c
[ Distributed Algorithm to control individual box
c
o R R & B R ooy
€
c
subrouvtine protoc({sucpro, net)
4
¢ Declarations

c
intager ftop(50), #bot(S0), btop (S0}, bbot(50), £1ink{S0),

#blink{50), proces(8). resour{(B), flag{i2.2),box(12, 5},
#a, b, stacka(30), stackb (30}, curbax, pnum, rnum. sucpro
dovble precision time

character#5 net
common ftnpafbot;btop;bbotaFlink:blink.proces:resour:pnum.

*rnum: flag. box, iptra, iptrb. time
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ializing

time = Q.
sUepro = 0
iptra = pnum
iptrb = Q

1 5 ¢

s t age P T OGP a'g ations

do 10 i=i,pnum

proces{(pnum+i—i}

ifi{net .eq. ‘cube ‘) then

i
i

fla/2%2. ne. a) a=ftop(a)
f{a/2#2 eq.a) a=Ffbotla)

endif
if{net . eq. ‘omegs’) then

i
i

fla.ge. 1 _and. a.le. 2) a=ftopla)
fla.ge. 5 .and. a.le.8) a=fbotla)

endif
blink{a}) = proces(pnum+i-i)
time = time + 1,

10 stackal(i) = a

if{net .eq. ‘cmega’‘’) then

11

i2

de 11 jy=1l.iptra
stackb(jy) = stackad(yy)
call sorti{stackb,iptra’
do 12 jg=1,iptra
stacka(y)) = stackb(iptras+l-;j)

endif

Propagationstes

20 if{iptra. gt. Q) then
a=stacka({iptra}
b=statkal(iptra—-1}
cturbox = (a-7)/2
ifla/2%2. ne.a .and. b.eg.a+1) then

if{(flagl{curbox,1).ne. 2 ., and. flaglcurbox.2). ne.2} then
call bactrk(a.blink, iptrb,box, iptra, stackb, flag, time)
tall bactrk(b,blink.iptrb.bn!-iptra.stackb.Flagztime}
go to 25

endi f

if(box{curbox,3).ne. 0 .and. box(curbox,4). ne.0) then
call assign{0, ftop, fbot, #link, blink,a)
call connee(l.1.0,a,svucpro.curhox, stackb)

endif

if{box(curbox.3).ne. O . and. boxicurbox., 4). eq. O} then
call assign(O. ftop, fbot, flink.blink, a)
call connec{(1,0,0,a.sucpro:curbox, stackb)
call bactrk(b,blink, iptrb,box, iptra.stackb, #lag, time)

endif

if({box(curbox,3). eq. O . and. box{curbox.,4). ne. Q) then
tall assign(1, ftop: fbot, flink, blink. a’
call connec((Q, 1,1, a: suecpro, curbox;, stackb)
call bactrk(b,blink,iptrb,box, iptra,stackb, flag, time)

endif

itlbox{curbox,3). eq. O . and. box{curbox,4). eq. 0) then
call bactrki(a,blink, iptrb, box,iptra,stackbd, flag, time)
call bactrkib,blink. iptrb,box:iptra, stackb. flag, time’
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endif
else
if(a/2+*2 ne.a) then
if(flaglcurbox.1). ne. 2 .and. flagl(curbox.2). ne. 2} then
- call bactrk(a.blink.iptrb,bux.iptra.stackb.FIag-time)
go to 25
endif
if{box(curbox,3). ne. 0} then
if(flagicurbox,1). eq. 2) then
call assign{(Q, ftop, fbot, flink.blink, a}
call connec(l1,0,0,a,sucpro, cuTbox, stackb)?

else
call bactrk(a,blink, iptrb. box, iptra, stackb, flag, time)
go to 23
endif
endif

if{box(curbox,3). eq. O) then
if{box{curbox,4). ne. O) then
if{flag(curbox.2) .eq. 2} then
call assign{l, ftop., fbot, flink,blink, a?
call connec(0. 1,1, a:sucpro.curbox, stackb?

else
call bactrk{a.blink iptrb.box, iptra, stackb, flag, time)
go to 25
endif
endif

if{box{(curhbax,4). eq. 0) then
call bactrk(aablinkaiptrb-box;iptra.stackb.Flag,time)
endif
endif
endif
if{as2%2 eq.a) then
if{flag{eurbox,1}. ne. 2 . and. flag{curbox.2). ne. 2) then
call bactrk(a.blink, iptrb.box, iptra,stackb, flag, time)
go to 25
endif
if{pox{curbox,3). ne. 0} then
if(flagl{curbox, 1) .eq. 2) then
tall assign(l, ftop. fbot, flink, blink, a=1)
call comrnec{(l.0, 1, a, sucpro, curbox, stackb?
mise
call bactrk(a,blink, iptrb,box, iptra, stackb, flag, time)
goto 25
endif
endi#
if(pbox(curbox.3). eq. &) then
if{bax{curbox:4). ne. O)then
if{flagl{curbox,2) .eq. 2) then
call assign(0, ftop, fbot, fFlink.blink, a-1)
call cennec{0, 1,0.:a, sucpro, curbox, stackb)
else
call bactrk(a.blink,iptrb,box,iptra, stackb, flag: time)
goto 25
endif
endif
if{box{(curbox.4}. eq. O) then
call bactrk(a;blink:iptrb.bnx.iptra.sta:kb.#lag,time)
endif
endié
endif
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endif
pdat e s e rvice s t ac k

ifliptra. le. 0 )} then
iptra = iptrh
call sort(stackb, iptrb)
do 30 i=i,iptrb
stacka{i) = stackb(iptrb+1i-i}
iptrd = O

endif

ge to 20

endif

return

end
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Descrirtion H
This program impPlement the Distributed Alsorithm
to simulate the Cube % Omeda interconnection
network model! in a dvpamic environment.

4 DI STRIBUTEHD TONTROL
[ ALGUORITHM

[=4 I N

c OYNAMICLC ENVIRONMENT
c

< Prodram name = Denamic. f

c lLansguage H Fortran 77

c Programmer H Anthany Hicks

c Facilities H UNIX Dual—-Vax 730 on ECN

[t Electrical Endgineering Deprt.
[ Purdue University

c Date written = 02/27/82

c Date updated @ Q7714782

g

<

I

c

[

c

ol

Note =
A1l “commented” write statements are used for debusding
PUrpose when modifyind program is needed

External Files ! InPut : Directié.cub
Directlé.ohm
Junkin Svstem parameters
Output ¢t Statable Statistics table

LI T IR O R

FHeHE I T A BB 3 SR I 36 36 I I M S M T S T I IE 63 I HIE T3 36 S 0 T E 1 Y 360 36 A

##d# M a i on Driver #%83

Declarations

TN AANANDd NN AANARAANAADN AN

NumpPro : Number of Processors
Prism ! Number of requesting processors
Proces ! List of re=suesting processors
Pstate : Processor”s state! False = idle; True = request rhase
Tlen : Lensth of time to process that Job on resaurces
Thaid : Lendgth of time to held resources
Pwait : Time which this eprocessor in wait state so far
Resres @ Number of rescurces requested for current reayest
Ttrans : Data transfer time
Transfl : Data transfer flas
Trscnt § Data transfer time counter
Batime * Preset allowed time to transfer data
Succnt : # of reauested resources actually made it so far/Processor
e Buitfl : Flas to quit holding resources in request phace.
= Rescnt : Total # of reauests made so far Per Processor
¢ Torsra ! Total # of resources reauested so far Per Processor
=z Probab : A denerated probability for sfeneral use
-  Pmark : Decisionp mark for reauesting certain # of resources
c Prt : Preobability of reauesting 1 pProcessing ygnit time.
S Sucrea ! Successful reauest count
c Failers © Unsuccessful request count
¢ Bucres ! Successful rescurces count
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Failrs
Tatlen
Unlugk
Tdela~w

Resour
Numsou
Rrum
Freers
Timere
Resor
Ratate
Trunni
Runfig

Avrsra
Avral
Avsurs
Avsrl
Avfirs
Avfrl
Avien
Avienl
Avdlay
Avdlri
Avunilce
Avuntil
Totres
Storfl

Btrkf
Dseed
Dseedl
Allres
Flink
Flink2
Blini:
Stacka
Ztackb
Stacke
Stackd
Stkare
Stkaer
Ietra
Irtrb
Irtre
Tstart
Fstoe
Met
Nums tg
Busy
Bstate

Emode

e me 4y
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Unsuccessful resources count

Count of Job lendgth

# of reseurces made it for an unsuccessful reguest
Total delaw

List of available ocutrput parts

Number of resaurces Per sutrut port

Number of free output ports

Number of free resources mer cuteput Port

Time lensth to process Jobs

Contain which Precessor’s work is beind Processed
Rescurce flag 0 ¢ idle: 1 & busvy.

Time spent on current Job

Flag indicated processing in prodress at that resource.

Averade # of resources requested

Runping count of its square

Averade # of successful resources requested
Rumning count of its sauare

Averade # of unsuccessful resources reauested
Running count of its s«quare

Average lendth of time a Job reauested
Running count of its sayare

Averade time delar for a resource to det thru the network

Running count of its square

Average count of unlucky reseurces reayested
Running count of its sauare

Total # of reauests made in the svystem

Stor flas to be used with blockinsg probability

Backtracking flad to indicate backtracking token

Double pPrecision seed for distribution calls.

Same as above but for another Purpose.

Tetal number of rescurces exixting on the network

Foerward 1ink for a box termina)

Second forward link fer broadcast

Backward link frem a box terminal

Event lists for ferward eropagation

Event lists for next cvcle

Broadcast list fer backward prorasation

Broadrast list for pext cvcle

# of rescurces involved in this event {regquest)
Which Processor oridinated this request

Pointer o stack a

Painter tpo stack b

FPointer to stack ¢

Time start of simulation., 0.

Length of simulation time

Tvre of network

Number of stages in the network

Outeput terminal port flad O & frees 1 % busvy,
Contro)l bowx state 1 both ocutrut rorts svailable
both rorts busy

tor Port free

tottom port free

straidht

diadonal

unassidgned

tower broadcast

uprer broadcast

Control box mode

PORNO RWR

LI LI LI T
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Tor terminal

Bottem terminal

# of available resources
as of here

Box(i.,2)
Bo:x(i,3)

T

Box(is4) : # of " "
Box{(i,3) & Tatal of 2 % & redgisters
Status : Resource status at cuteput Port of this bex

No resource available at either FroOrt
Tor Port has resources onlvy

Onliv bottom Port has rescurces

Eaual # of rescurces at both Pports
Tor rPart has more resources.

Bottom one has more resources

O U1 3y (9 B) re

character#5 pet

double Precision dseed.dseedl

real pmark.rtavesx.v.blocki,gsave

inteser 5ucreq(64),5ucres(64),Faiirq(64),Failrs(64),tdelav(b4)
integer tot]en(64),unluck(é4)vstkar2(400),ttrans(&4)

inteder f!ink2(400),statu5(400),stackat400),stackb(400)

inteder tstart'tstopvFreers(64)-numsou=succnt(400),store(400)
inteder thold,alIres‘numpro:t1enf64),resreq(64),tr5cnt(64),datime
intesger resor(bé,lol,timere(b4,10),rstate(64,10),trunni(64,10)
inteder box(64,5),Pmaittb4),stackc(150),sta:kdf150),stkare(400)
inteder numsts,reqcnt(b4),bstate(400)sstkapr(400),torsrq(64>
inteser data(400)1bmode(400).bckmrd(40012),Flink(400),b1ink(400)
inteser Phoces(64)=resour(64),sucPro-Pnum,rnum,Formrd(400,2)
Togical PunF]g(b4,10),Pstate(64)vquitF1(64),busY(400,2)

logical btrkf1{400).storfl.trsfig(400)

common sucreq,sucressfaiquyFai}rsstdelavvuniuck:stkaPE,
*F}ink,Flinkz,b]ink,ttrans,stacka,stackb,tot]en,thoid,ai1res,
*status,tstart»tstOP‘dseed,dseedl,Freerssnumsou,succnt,numpro,
*t1en,resreq,resor,timere,rstate,trunni,box,sucpro,busv,Pmark,
*Pmait,stackc,stackd,stkaPE1stkapr,numstg,reﬂcnt,bstatesrtave,
*torsrq,data,bmode»ﬁorwrd,bckwrd,Proces,resour,Pnumvrnum,btrkFI,
#treflg, trscnt.datimesprt.store,
*runFTs,Pstate,quitFlviPtrayiptrb,intrc,iﬁtrd,net

common /eount/ avrqi,avsrl,avFrl,avlenlgavdlvlgavunf1
data avrql'avsrl,avfrlvavlenl,avdlvl,avunl1/6*0./

oPeh(S,Fi1e=’Junkin’v5tatus=’n?d’:Form=’Formatted’)
rewind 3

I npPut netwepk connections

read(5,2) pet
2 Fformat(as)
do 7 i=1,.%4
7 read(S,%) data(i),Formrd(i,1):Forwrd(i;Z)vbckwrd(i,1),bckwrd(i,2)

11 read(3Z,#) tstopndseed-dseedl,numsou,tho]d,Pmark,rtave,
#xintvl,datimes numePro, numstsd
ifitstor ,1t. 0) g0 to 99
Prt = 1./rtave
tstart = 1
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imulatien

write{sd,32) tstorsnumscusthold.Pmark. rtavessxintvl,
#datime, numPro,numstsg
33 format(“Parameters of this simulation’.//,

*7 Lendth of simulation = “,i7.” units of time~”, /.
37 Number of resources/outerut port = ~,i4,/,

#®7 Waiting time allowed/request = “,i4,/,

# Pmark = 7L fS.3, /5

* Averade resource time reauested = L F7.2 /7
7 Blocking rprob. auitting interval = T FS5.3. />

Lad Data transfer time = *,i4,/,

# Case P = “,id4:/s

* Number of stades in the netwsrk = ~,i3)

Ini t ia

iptra
irtrb
irtrc
irtrd
rnum = o[
numbox
alires
stopf}
kount = Q
save = 0,1

LTIt
[eXa e

il

L]

7

izations

numstg¥numperos2
AumPro ¥ numsouy
«False.

do 2 i=1,numeroc
do 4 J=1>numsouy

rstate(i,.J)
trunmifi.J)
runflg(i,J?
4 timere(i..j)

pstate(i)
auitfFr(id
freers(i)
resour{(i?
tlenti)
reacnt(i)
succntiil
torsralil
Pwait(i}
totlen(i)
tdelav(i)
failrs(i)
failrali)
untuck(i)
suycrea(il
sucres (i)
= resreq{i)
da 5 i=1,400
frimk(i)
fFlink2¢i)
storeii) =
5 btrkfl1(i) =

Set all boxes”

LI O I T T T T I TR IR I

00000000000 O0Cw

o
s}
. False.
8]
.false.
. false.
numsou

1ug

Ll

o0

e}

-false.

terminal id“s % clear aill bowxes~

redisters
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de 1} la=1,numbox

busv{ia-.1) = ,false.
busv(la,2) = ,false.
bmode{la) = 2
bstate(la) = 1

box(la,1) = lax2+15S
1 box{1a>2) = box(la.}i)+1
da ? i=1l.pumbax
do 2 k=3.5
24 box(i.k} = O

Broadcastinsg

call brocas
do 19 J=1,numsts-1
do 20 k=25,32
Jo = k={{Jj~1)*numrra/2)
call broset{box,bckwrd,box{jo-1)box{io,5},numpPro}
call bxstat{ijo)
20 continue
19 continue
do 44 jo=1,83
44 call bxstat(je)
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10 if(tstart,st.tstor .or. storfl) dHo to 98
(=St a S R 2 Rl S L L e R R R R TR R ey

Genmeratingtd Avadtillabilities

nonn

call brocas
write(bt,#%) “Brocas”

(A 3R]

Genmneratintg Reaues t s

nfn

call readgen
write(&,%) “Readen~”

Process Broadcast Events Lis ¢t

call brobak(irptrc,irtrd.stackc,stackd.bex,bckwrds numpro)
write(&.%) “Brobak”

ananqan

n

o

Process Request Events . i s t

nnimn

call protoc
write(b.#) "Protoc”

Uprdate C1ock

nanan

tstart = tstart + 1
if{icount .e=, 1000) then

icount = 1

write(&s,#) “Time pow ist “,tstart
endif

Blocking prebability check. if diffence interval
is very small. exit simulation

mnnn

kount = kount + 1

if{kount .ea. 100) then
kount = O
avfirZ = sumiti(numero,failrs)
avsyr?2 = sumit(numepro.sucres)

Y = avflirZ + avsurz
if{x .ea. 0.) then

» = 1.
endif

if(avfir2 .ea,0,.) then
blocki = O,

else
blocki = avflir2/x
endif
iflabs{save—blocki),le.xintvl) storfl = .true.
save = blocki
endif
g0 to 10O

= Statistics calculation
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28 avrsr2 = sumit{numero.taorsrg)

totrenq sumit{numpro,reacnt)
if{avrsr2 .ea., O.} then
avrsrs = 0,
else
AvVrsrg = avrsr2/totren
endif

iflsucct .1t. l.)sucet = 1,
succt = sumit(numPro,sucrea)
avsurZ = sumit(numPro,sucres)
iflavsur2 .ea, O.})} then

avsurs = 0,
else

avsurs = avsyr2/succt
endifF

write(6.%) "I am here, stor 1~

avieZ = sumiti(numprostotien)
iflavie2 .ea. 0.) then

avien = O,
else

avien = avleZ/totres
endif
write(s,%) “I am here, stor 27

avdlaZ = sumit{numeroe,tdelavy)
if{avdiaZ .ea, Q.) then
avdiay = 0,
else
avdlay = avdiaZ/succt
endif
writetb,#*) "I am here., stor 37

if{failet .1t. 1,)failct = 1.
failct = sumit(numero, failre)
avfir2 = sumit(numepro,failrs)
iflavfir2 .ea. 0.) then

avfirs = 0.
else

avflrs = avfir2/fFailect
endif
write(b,3%#) “I am here, stopr 4~

avunl2 = sumit{numerc,unluck}
iftavunli2 .ea. Q.) then

avunlc = Q.
else

avunlc = avunlZ/failct
endif

write(&:#) "I am here, stor 57

Y = avsurl + avfir2
If{v .1t. 1.) w=1l,
iflavfir2 .ea. 0.} then
bloeki = 0,
else
blocki = avflr2/v
endif

126
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write(d,n) - ”

write(b&,#) - Collected Statistics of this runt -
write{é, %) “Quit at : ~,tstart

writelé&,#) ~ -

write(é&, 12} avrsr2,totreg.avrsra,avdlavsavien
write(é,14) avsur2,succt,avsurs,blockissave
write(é,15) avfir2,failct,avfirs,avunle

write(bd,#) - <

12 format(“Total # of resources reauested = “,£10.2,/,
* “Total # of reauests generated = ~,f10.2./.,
#* “Averatde # of resources/reauest = 72 F10.3. /7
#* “Averade time delav/reauest = "5 F10.2./7
#* “Averade time length of a .ob = 7, F10.32)

14 format(-Total # of resources allocated = "> FLO.2,/

e >

#* “Total # of successful reauests 2 F10.25 /7
#* “Averade # rescurces allocated/successful reayest = -,
#£10.3+ /. "Averase blocking erobability = “2$10.3,
*#/>“Last computed blockingd Prob. = *,£10.3)
15 format(“Total # of unallocated resources = T2 F10.20 /s
“Total # of unsuccessful reayests = T2 FL10.2,5 /7,
“Averade # of resources/unsuccessful reauest = ‘2 F10.35 7
“Averade # of Partially allocated resocurces/unsucc, reg”,
= YL F10.3)
FPmark = pemark + Pincrm
g0 to 11
P9 stoe
end

* ¥ k%
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Routine to Broadcast awvailable resources
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subroutine brocas

inteder avail

character#S npet

doubie Precision dseed.dseedl

real pmark.rtave

integer sucreat{éd),sucres(éd).failral{éd),failrs{s&d),tdelar(&4)
inteder totlen{&4),unluck(é64),stkar2(400),ttrans{é&s)

inteser f1ink2{(400},status(400),stacka(d400),stackb (400)

inteder tstart.tstoe,freers{44),numsou,succnt{d00),.store{400)
integer thold,allires,numprrostlen(bddlresrealdd)trsenti{bd4),datime
inteser resor{&4,10),timere(s4,10})>rstate(s4,10),trunni(4$4,10)
inteder box(&4:5).Puait(ésd),stackc(150),s5tackd(150),stkare (400)
inteder humsts.reacnt{é4),bstate{400).stkarr(400).torsral(ssd)
inteder data(400),bmode(400).bckwrd{(400,2),Ff1ink(400),blink(400)
integer Proces{bd) sressur(b4),s8ucPro. PRUMs PAUM: Forwrd (400,2)
Todical runflg(bs4,10)prstate(dd) ,auitfl(&4)busv(400,2)

Jogical btrkf1{40Q),trsfl14(400)

COmmon syucreq;sugres. failra. failrs. tdetav.untuck.stkarz,
*#flink,flink2,blink,ttrans,stacka.stackb,totlen,tholdsallres,
#status,tstart. tstor,dseed,dseedl, freers. numsou-sucents numero,
#tlensresrea>resor,timere,rstate, trunni,box, sucpPro,busy.pmark,
#pwait,stackecr,stackdr,stkare,stkarr, numstg,: reqacntsbstate,prtave,
#torsrqasdatas,bmode, forwrd, bckurd: Processresocurs PRUms Phums btrkfl,
#trsfld, trscntsdatime,Prt.store,

#runfld, pstatesquitfl,irtra.ipPtrb.,iprPtrc,irtrd.net

Update available resources redisters

do ® i=1,numrro
do % j=l.numsou

I1f this resource is active
ifirstate(i>Ji).en.1) then
For those have been ip wait state

if(.not., runflig(i.d)) then

if(auitfliresor(i,J))) then
freers{(i) = freers(i) + 1
retatel(i,J) = 0O

else

if(sucenti{resar(i:Jd)).ea.resreal(resor(i,Jj)l).and.

#{.not., trsfldg{resor{i.i)l)}) then
runfldf{i.Jq) = .,
trunni{is,Jj} = 1
endif
endif

For those have been runninsg

else
truppnif(i.Jd) = trunni(i.Jq) + 1
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And check for relinauish time

if{trunnif(i,J).de,.timerel(i.J}) then
freers{i)=freers(il+l

retate{i.d) = 0O
runfigi{i,Jj) = .false.
endif
endif

endif
caltl rstat(i.Jd)
? continue

Froragatind backward one stade

do 10 i=1,rnum
avail = rescour{i’> + 50
ifinet ,em, “cube “} then
if{avail.de.81 .and. avail.le.88) avail=bckwrd(avail,1)
if{avail.=2e.89 .and. avail.le.¥4&) avail=bckwrdlavail,2?}

endif
ifinet .ea. “omeda”) then
ifl{avail/2%2 .ne. availlavail = bckwrd{avail,1l)
if{avail/2%Z .ea. availlavail = bckwrd(avail,2)
endif

iik=(avail=pumPro+1)/2
iflavail.ea.box({ijk-,1)) then
new = freers{(i}) = box{iik.3)
bowtiiJk:3) ® freers(i)
box{iik:3) = box{ijk,5) + pew

endif
iftavail.ea.box(iik:2)) then
new = freers(i) «~ box(idk:4)

box{ijk.4) = freers(i)
box(iik,5) = box{iik,5S) + new
endif
10 continue
return
end
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C****************'l-*********'Il'**ﬁ*********************

¢ Routine to set boxes for Broadrcasting uses
o o L L T TR S I A SRV ROy

[
c
subroytine broset(bosx:beckwrd,availssums numpro}
c
integer sum: bckwrd (400,2), 1ink(2), box{44,S ), curbox(2},avail
integer numpro
e
Tink(1) = bckwrdlavail,1)
Tink€2Z) = beckwrdfavail.2)
surbox{(l) = (link{l)-pumPro+1}/2
curbox(2) = (1ink(2)=numprro+1)/2

56 format(2x.4(2x,i5))
de 1t i=1,.2
if{ltink(J),ea,.box{curbox(j)s1)) then
new = sum — box(curbox(J),3)

box{curbox(Jj},3) = sum
box{curbox{.i)»5) = box(curboxt{J),S5) + new
endif

if{Yink(j).es.boxtecurbox(i)>2}) then
new = sum ~ bax{curbox(.J),4§)
box{curbox{(Jj)s4) = sum
box{curbox(i?:5) = box{curbox{i}>,S} + new
endif
11 continue
return
end
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subroutine boxset(busv,box,bstate,curbox,status)

n

inteder bstate(400),both=topvbottomvcurbox,status(400)
logical busv(400,2)
integer box(&4,5)

Box state settins

nnnf

tor = 1
battom = 2
if(.not.busy{curbox, top} «and. .not.busv(curbox,bottom)) then
tstatel{curbox) =
endif
iF(busv(curbox,toP).and.busv(curbox,bnttom))bstate(curbox) = 2
iF((.not.busvtcurbox,tnp)).and.busv(curbox,bottom)) then
bstatel{gurhox) = 3
endif
iF(busv(curbox.top).and.(.not.busv(curbox,bottam))) then
bstatelcurbox) = 4
endi fF

c Box Resource status setting

tor = 3
bottom = 4
both = 5§
iF(box(curbox,top).st.o.and.boxtcurbox.bottom}.eq.O) then
status{curbox) = 2
endi f
iF(box(curbox,top).eﬂ.O.and.box(curboxsbottnm).st.O) then
status{curbox) = 3
endif
iF(box(curbox,toP).eq.box(curbox,bottom>)status(curbox)=4
if{bex(curbox,both).eq.0) status{curbex) =}
iF(box(curbox,toP).st.O.and.boxtcurbox-bottom).st.O) then
iF(box(curbox:top).st.box(curbax,bottom))status(curbox)=5
iF(box(curbox.toP).It.box(curbox-bottom))status(curbox)=6
endif
return
end
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Routine to¢ rropadate broadcast availability

(=

back stage bwv stade

C 36336 3 B 4P 4 S ******************************#*******

L

c

[=4

[l

11

subroutine brobak(iptrc,iPtrd,stackc-stackd,box,bckwrd:numpro)

inteser ietrc,iptrd, numpProsstackc(150),stackd (150
inteder box(&4,5),hekwrd(400.2),¢.4

if(irtrc.1e.0) do to i1
¢ = stackcl(irtrc)
if({c.,gt.numpPro/2) then
d = e-numpro/2
call broset(boxybckwrd-boex(c,1),box{c,S)-numpra)
call bxstatic)
irtrd = iptrd + 1}
stackd{irtrd) = d
endi f
iptrc = imtrc - 1
g0 to 32
do 12 i=1,numero/2
irtrd = iptrd + 1
stackdlirtrd) = § + 24
irtrc = iptrd
=all sorti(stackd:iptrd)
do 20 i=1,irtrd
stackec(i) = stackd(iptrd+i-i)
irtrd = O
return
end
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c Reauests CGeneration

3 Y e e 3 e ke 6 e e o 2 o e b o 3 2 1 e o e B 3 25 X b e &
WITERTR R R R TR R 3 3 3 et 4 S e e I RN RN

3 e 3 e 35 2 I 35 35 vl B2 b 3
TR 3 3 3

[
[ug
subroutine readen

n

inteder a.b

character#S npnet

double Precision dseed,dseedl

real pmark,rtave

inteder sucreq(64),5ucres(&4),Faiqu(64),Fai}rs(64),tde1ar(64)
inteder tat]en(64)1unluck(64),stkar2t400)vttrans(64)

intedger Flink2(400),5tatus(400),stacka(400),stackb(400)

inteser tstartststop,Freers(64)'numsou,succnt(400),store(400)
integer thold,allres;numpro,t!en(64)1resreq(64)‘trscnt(64)-datime
inteder resor(64-10),timere(64v10)’rstate(64,10),trunni(64:10)
inteder box(64,5),Pwait(é4),stackct150),stackd(lSOJ,stkare(4OO)
integer numst!.reqcnt(64),bstate(400)-stkaPr(400),torsrq(64)
integer data(400)vbmode(4001>bckwrd(400=2),F1ink(400>,blink(400)
inteser Proces(64),resour(64)ssucpro,Pnum,rnum,Forwrd(400,2)
ltedical runFls(64.10)=Pstate(64)»quitFT(64):busv(400,2)

Todical btrkfT1(400),trsf14(400)

common sucres,sucres, failra,failrs,tdelav.unluck,stkar?,
*F]ink-?linkz-blink,ttrans'stacka,stackb-totlen=tho?d,allres.
*status»tstart,tstopvdseed,dseedl,Freers.numsou,suc:nt,numpro,
*tlen,resreqsresor,timere,rstate,trunni,box.sucwro,busv,pmark,
*Pwait,stackc,stackdvstkare,stka»r,numsts,reqcnt=bstate,rtave-
*torsrﬁ,data,bmodesformrd,bckwrdvProces‘resour,Pnumsrnum,btrkF1.
#trsfld,trscnt.datime.rrt.store,
*runf!sapstate,quitF},iptra,iptrb,irtrc,iptrd,net

cammon Sfcount/ avralsavsrl.avfrl.avienl,avdlivi.avunli

Phum = O
da 10 i=}1,numero

Generating new resuests

n

if (.not. estate(il) then
call dascti{dseed,l:pmark.xiunk.resreq{i))
resrea(i) = resrem{i) -—1
resreali) = modi{resrea(il.allires)
if{resrea{i) .gt. O) then
call ssecti{dseedl .l prt,xiunk.tlentil))

n

Data transfer time can be modified here to be a wvariable
with certain distribution, now it is assumed to be
very fast.

KLY

n

ttrans{i) = datime

n

Prstatel(i) = .true.
trsfldgti) = |, false,.
PRUMm = prnum + 1

procesi{iFnum) = i

Pualit(i) = 0
sucent(i) = O
Auitfl{i) = ,false.
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totlten(i) = totlen{i) + tlen(i)
avlienl = avlenl + tlen{(i)##2
rescnt(i) = 1 + reacnt(il
avral = avral + resrea(i)}#Es>
torsrali) = resrea{i) + torsra(i}
endif
endif

For requesting processors in wait state
if(pstate(i) .and. sucent(i) .1t. resres{i)) then

Waiting period is um, abort reauest and relinauish
conhections to free up the netwark

if{Pwait(i) .de. thold) then

totlen{i}) = totlen(i) + tlenti)

pstateli)  False,

Failra(i)d fFailpal(i) + 1

Failrs(i) Failrs(i) + resrea(i}

avfrl = avfrl + resrealil®s2

unluck{i) = unluck{i) + succnt(i)

avunll = avunll + sucent(i)#ez

auitfli{i) = .true,
call! freebx({isnet:busvy.bmode,forurd,flink,¥flink2.data,

nuu

*btrkfl)
write(b.%) “I am out of freebx”
else

If waiting Period is not up, updating waiting time

Pwait(i}) = pwait(i) +
endif
endif

For reauesting erocessors whose reaquest is satisfied
Urdating necessary statistics
and start data transfer from erocessor to resources.

if(pstatel{i).and. succnt(i) .de. resreai{il.and.
#trscnt(i).eq,.0) then
sucrea(i) = sucreaqf{i) + 1
sucres{i) = sucres(i) + resreaq{(i)
avrsl = aversl + resrea(i)**2
tdelavy(i) = tdelavr(i) + pPwait(i)
avdivyl = avdlvl + pusit(i)sa2
endif
call pstat(i)

I data transfer is completed, cut links and set all
exchande boxes invelved free to partially free the network

if(prstate(i).and.trsfld{i)) then

trscntli) = trscnt(i) + 1

if(trscnt(i) .de. ttrans{i)) then
pstate(i) = ,false.
call freebx(i.net,busv.bmode,forwrd,flink.flink2.data,

#btrkfl)

write{(d,#) “I am out of freehx2”
trsflg{i} = .Ffalse.
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endif
endif
10 continue
t 5 t a9 e P roeprpasgations
write(4,#) “Pnum = “,Pnum,” iptra = 7,irPtra

15

11

12

do 1S5 i=1,pPnum

a = proces{(Pnum+l—i)

b = a

if{net .ea. “cube “} then
if(as/2#2.ne.a) a=forwrd(a.1)
iflas2#2,ea.a) a=forwrd{(a.2)

endif

if{net .ea., “omesga~“) then

if(a.de.l .and. a.le.numpro/2) a=forwrdia,1)
if(a,dge.numpPro/2+1 .and. a.le.numpro) a=forwrdfa.2)

endif

blink(a) = b
stkarri{al) = b
stkare(a) = resrea(b)
iptra = iPtra + 1§
flipk(a) = -1
stacka(irPtra) = a

do 11 JjJ=t.iptra
stackb({JjJ) = stacka(ji)
call sert(stackb,iptral
do 12 Jji=l,irtra
stacka(JjJj) = stackb(irptra+i1—jJ)
return
end
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c Routine to list status of
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<
subroutine rsetat(i}

c
character#3 net
double Precision dseed.dseedl
real pmark.rtave
inteder sucrea(é4).sucresi{bd).failral(bd),faiirs(sd), tdelavisd)
integer totlen{é4),unluck(b4),stkar2(400), ttransi{sd)
inteder F1inkZ2(400),status(400);s5tacka(400),stackb(400)
inteder tstart,tstop.freers{&4),numsoussucent (400}, store(400)
inteder thold.allres.numero,tleni{dd).resreaisdsd).trscnt{bdl.datime
inteder resor{&4,10),timere(s4,10),retate(64,10).trunni (464,10)
inteder box(64,.5):prwait{bd4),stacke(150),5tackd(150) ,stkare{400)
inteder numstd.reacnt(44).bstate(d40Q),stkarr(400), torsra(ss)
integer data{400),bmode{400),bekurd(400,2),f1ink(400):b1ink (400
integer proces{é&d)sresour(44):sucPros Phum: rhums forwrd (400, 2)
togical runflia(bs,10),pstate(bd),auitfFl1{s4).busy{400,2)
logical btrkf1(400), trsf1g{(400)

common sucrea:sucres,failrs, failrs.tdelavsunlucksstkar?,
#flink:flink2.blink, ttrans,stacka,stackbrtotlen.thold,allres,
#status, tstart,tstor,dseed,dseedl, freersynumsou,succnt, humero,
*tlen:resres,resor,timere.rstate: trunni.boxssucerosbusys Pmark,
#pwait,stacke,stackd,stkare,stkapr,.numstd, reacnt,bstatesrtave,
#torsra,data.bmodes forwrd.bckwrd,Proces resour,pPnum.rnum,btrkfl,
#trsfld,trsent,.datime,Prt.store,
#runfldg,pstate.quitfl.irtra.irtrb,ietrc.iptrd,net

write(é.1}) i.pstate(il resrealil-tlen{id).auitfli{id,Ppwait(i),
wsuccnt{i)
writel(é&,2) reacnti(i),torsra(il),thold.emark.rt
1 format("P# = “,i2," Status = “,11.," # of resources ra = ~,
#i3-7 Job len = “,i4,” Quit = “,11.,- Wait = “,iZ,* Sucecnt = 7,
#i3)
2 format(“Reauest cnt = “,i4,” Total Res. Ra = ~,i4,
#7  Time allow = “5i2." Pmark = “,§f4.3.* Tmark = -, f4.3)
return

entry rstati{i,Jd>
write(4,3) isJd.rstatefid)srunfld(id)sresor{i,il):trunni{i,.i)
write(é&,4) timereli.J),freers{il).tstart

2 Fformat("R# = “:1i2,7+",12,° Status = “,il,~ Runflg = “,11,

¥ Orid, Proc = “,i2,2" Time ran = “,i4)

4 format(” Time ra = “,id4,” Free rs. = “,i3.,” Time now = “,i5)}
return '

entry bhxstat(i)
write(&ds5) i, (box{i,J},i=1,5)
write(b-4) bmode{i),bstate(il), (busv(i.Jjd) »JdJi=1:2)sstatus(i)
S format(“Box # = 7,i2,~ T = "21i2." B = -,4i2.” T.Res = “,i3,
#° HB.Res = “,13," Total = “,i3}

& format( Setting = “,i1,” Outport stat = “,1i1,7 T.busy = ‘5171,
#° B.busy = “,11,” Reso stat = ”“,il) '
return

i

end
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[ Routine to relinRAuish communication lines

= and free exchande boxes
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subroutine freebx(rroc.net,busy,bmodes forwrd, flink.flinkZ.data.

#bhtrkfl)
[
intedger Proc.nuProscurbox.bmode{d400}),data(400),f1ink (400}
inteder stack{180),.Ff1ink2(300), forwrd(400,2),k
Jodical busv{400,2},btrkfl (400)
character#S net
c
P writel{&,%) "I am in freebx”
top = 1
bottom = 2
BUPre = Proc
ifi{net .ea. cube “) then
if(nuPro/2#2.ne,.nurrolnurro=Fforurd{nurro,1)
ifi{nuPro/2#2,e9.nuerodnurro=forwrd{nurra,22)
endif
if{net .ea. omesa”) then
if{nuerro.dge.1 ,and. nurre.le.numerc/Z)nurro=Fforurd(nuprro,1)
iflnuPro.de. numPro/2+1.and. nuero. le, numProl nupro=forwrd(nUuPro,2)
endif
c
k = 0
T
= Flink is used here to detect if this token has made connection
= in present box,
[
10 if{datalnuero) .dt. 0O .or. flinkinurre).1t.0) g6 ta 20
curboax = {(nuPro—135)/2
c write(&,%) “pupro = “,nuprd:” curbox = “,curbox.
c # “bmode = “;bmode(curbox},” flink = “,flink{nuprc),
[ # “Flink2 = 7, flink2(nupro}
if{bmode(curbox} .,es. 0) then
ifinupPro/2#2 .ne. nurrolbusvicurbox,tor) = .false.
ifl{nurpro/2#2 .es. nuprolbusy{curbox,bottom) = ,false.
endif
if{bmode{curbox} .ea. 1} then
if{nurro/2#2 .ne. nupro)busy(curbox,bottom)=, false.
if{nupPro/2#2 .es. nuerodbusyi{curbox,top)=.false,
endif
if(bmode{curbox) .es%. 3 .or. bmodel{curbox) .,ea, 4) then
k =k + 1
stack(k) = flinkZ{nurro)
busv{curbox,tor) = .Ffalre.
busy(curbox.bottom) = .false.
bmode (curbox) = 2
endif
btrkfl{nurro) = .false,.
nupre = flink{(nuprro)
g0 to 10
[
c Flink2 is used here to mark off a traveling token which
c needs not to be on stack anvmore because itz requesting
[ Processor Just relinauish the network
[

20 flinkZ2{(puPro) = -2



if(k .le. D) return
nuprn = stack{k)
ko= ko~ 1

g0 to 10

end

138
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subroutine Ppretoc

inteder arb:csremain. tvrel, typre2, tryre3:curbox. seed

character#S net

double Precision dseed.dseedl

real pmark.rtave

inteder sucreq(64),sucres(64J,€aiqu(64)afai]rs(64),tdelav(64)
integer totIen(64),unluck(64),stkar2(400),ttran5(64)

inteder F?ink2(400)=status(400).stacka(400)astackb(400)

inteder tstart,tstorvFreers(é#),numsou'succnt(400),store(4001
inteder thold,al1res,numpro,t1en(64),resreqt64),trscnt(64),datime
integer resor£64,10),timere(b4-10),rstate(b4,10)-trunni(64,10)
intedger box(b4,5),Pmait(64),stackc(150)-stackd(lSO),stkare(400)
inteder numsts,reqcnt€64),hstate(400),stkapr(400)stor5rq(64)
inteder data(#OO),bmode(400),bckwrd(400,2)vFIink(#OO),blink(400)
integer Preces(é4),resour(64),sucprn,nnum-rnum,Forwrd(400-2)
lodical runfl8(54,10),pstate(éd4), quitfl (&4).busy{400,2)

logical btrkf1(400),trsf14(400)

common sUCreq,sucres,failra,failrs.tdelavy.unluck,stkar?,
*F]ink,F1inkz,blink.ttran51stacka,stackb;totlen-thold,allres.
*status,tstart.tstop,dseed'dseedlgFreers,numsou,succnt,numPro,
*tlen-resreq,resor,timere.rstate,trunni,box,5ucpro,busv,9mark,
*Pwait,stackc,stackdvstkare.stkapr,numsts,reqcnt1bstate.rtave,
*tnrsrq,data,bmode,Forwrd,bckwrd,Proces,resour,Pnum,rnum,btrkfl,
#trsfldstrscnt.datime.Pri,store,
*runF]s-ﬂstate,quitfl-iPtraviPtrb,iPtrc,iPtrd:net

rorpadgations

Curbox = &4
call boxset(busvy,box.bstatercurbox.,status)
seed = inti{dseedl)
ifliptra.le.0) g0 to &00
as=stackalirtra)
b=stackal(irtra—-1)
write(é,#) “Last box settins~”
write(é4,5) curbox:(box(curbox,J),Ji=1,5)
writel{&, &) bmode(curbox),bstate(curbox),tbusv(curbox,JJJ‘JJ=1,2):
* status(curbox)

format( Box # = “,i2,* T = ,i2,* B = #,i2,~ T.Res = “,i3,
*° B.Res = ",iZ%,” Total = -,i2)
fermat( Settind = “,it,” COutport stat = ~,i1, " T.busy = “,11,

#° B.bus¥ = “,11," Reso stat = ”,i1)
write{&,%) - -~
write(&:999) a,bsiptrasietrb
write(t,#) (stacka(ll).11=1,iptra)l
write(&,#) (stackb(11},})=1,iptrb)
write(é,?P2) stkarela)sstkarri{al.stkare(b),stkaprr(b)
format(“ter res & from = “,i2,i3:” Bot res & from = “,i2,i3)

format(“tor input = 7,12, Bottom input = 712+ 7 iptra = -,
*# 13,7 iptrb = “,i3m)
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Here a relinauished processor”s taken is screened out.

irtra = iptra - 1

IF(FTink2(a) .1t. O) then
flinkz{a) = Q
go to Y00

endif

curbox = (a-15)/2

call boxset{busv.box,bstatescurbox,status)
call bxstat(curbox)

Case of twe sidnals arrivinsg at one box at the same time

ifla/2%2.ne.a .and, b.ea.a+l) then
irtra = ieptra - 1
write(bd,#) “Going to 2~
80 to 2
else

Case of only 1 sidnal arriving at tor input

if{a/2%¥2.ne.a) then
tvPel o)
trre2 1
tvyrPel 4
c = 3

write{é.#) “Going to 1 from tor”

g0 to 1

endif

Case of only i signa)l entering at bottom input

if(a/2%2.e9.a) then

tyrel = 1
tvre2 = 0O
tvred = 3
[« = g—1
write{&,#%) “Going to 1 from bcttom”
g0 to 1 .
endif

endif

NOTE: See declarations for meaning of “Statys”

1 g0 to(21,22,23,24),bstate(curbox)
Both output poarts available (not busvy)
21 g0 to{22,23,24,25,26,27),status{curbaox)

25 if{(stkare{a) .le. box(curbox,3)) do0 to 23
2% if(stkaref{a) ,gt. box{curbox.5)) then
remain = stkare(a) — hox(curbox.5)
call bactrk(a.remain?}
stkar2(a) = box{(curbox,4)
endif
if{stkare(a) .le, box{curbex,S))stkar2(al=stkare(al=box(curbox, 2}
sthkare(al) = bow(curbox.3)
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zall assidn{tvrel3.bmode(curbox), forwrd, flink.flink2,blink.c)
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call connec(l,l,tvre3+ascurbnx)

write(A,#) “1 was at 1-25-

g0 ta F0Q

if{stkare(a) .le. box{(curbox,4)) go to 24
ifistkare(a) .le. box{curbox,3)) sgo0 to 22
writel{&.#) “I was at 1-2&~

g0 to 2%

ifi{stkare(al) .le. box{curbox,3)) Ho to 23
ifistkare{a) .le. box{curbex,4})) gc to 24

if{stkare(a) .gt.

box{curboxsS5)} then

remain = stkaref(al) ~ box{curbox,5)
call bactrk{a,remain)
stkar2{(a) = box(curbox,3)

endif
ifi(stkarela) .le.

box(curbox:S))stkar2{al=stkare(a)=-box{curbox.4)

stkare{a) = box{curbox:4)

call assidn{tvre3.bmodel{curbox),forwrd.flink,flinkZ.blink,c)

call ceonnec(l.l.trre3rarcurbox)

write(h,#) “I was
g0 to 900

at 1-27~

Both cutrput Ports busy (unavailable)

call bactrk{ar-stkare(a))

write(bd.#) “I was
g0 to P00

at 1-22~

Onlv tor Port is free (not busvy)

iflbox({curbox,3).ne. Q) then

if(stkare(a).dt.bhox{curbox.2)) then
remain = stkaref{a) - box(curbox,3)
stkare(a) = box{curbox,3)
call bactrk{a,remain)
endif
zall assidnityrel,bmodel{curbox).forwrd,flink.flinkZ.blink,c)
call connec(l,0stvrel,a.curbox)
else
call bactrk(a,stkare{a))
endif

nr n

(1]

write(s.#) I was at 1-23~

g0 to 900

Gnlv bottom outrut rort available (not busvy)

ifi{box{curbox,4).ne. 0) then

if(stkareta) .gt. box{curbox:4)) then
remain = =stkare(a) — box{curbox.4)
stkare{a) = box(curbox.4}
call bactrkl(a,remain)
endif
call assign(tveeZ:bmodelcurbox), forwrd,flink.flink2.blink.c)
call connec(0,1,tryre2:ascurbex)
else
call bactrk{a.stkarefal)
endif
write(s,%) 1 was at 1-24~-
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go to Q00

40 to(200,100,3200,400).bstate{curbox)
Both outeput ports are busy

call bactrk{a,stkare(a))
call bactrkl(a+l,stkare(a+l))
write(é,%) “I was at 2-100~
g0 to 200

Both outeput pPorts are not busy (available)
if(stkareta)=-stkarel(a+1))210,220,230
g0 tol(100,310,410,234,236-234),status{curbox)

g0 to(100,222,223,234,234,234)>s5tatus(curbox)
chance = ranf{seed)

if{chance .gt. .S)g0 to 330

write(é-#) 71 was at 2-2227

g0 to 310

chance = ranfi(seed)

if{chance .2t. .5S)dg0 to 430

write{s,#) “1 was at 2-222-

g0 to 410

do to{100,330,430,234,234.234)»status(curbox)

call gelf{a.curbox,stkare.box)

call do2(a+l,curbox,stkaresbox)

call assisn(O,bmodel(curbox},forwrd,flink:flinkZ:blink.a)
call connec(1,1,0,ar»curbox)

write(d,%) “1 was at 2-234~

g0 to 900

call seZ{acyrbox,stkare,hbox)

call dol{a+l,curbex,stkare.box)

call assign{i,bmode{curbeax). forwrd.flink:Fflink2.blink.a)
call connec(i,l,t,a>curbox)

write(&4,#) “I was at 2-236°

g0 to 900

Only toe outrput rPort is free
ifi(stkare(a) — stkare(a+1))310,320,330

call bactrk{a,stkare(a))
tvrel = 1

a = a+l

c = a~l

write(s&,#) ‘I was at 2-2107
g0 to 23

chance = ranf(seed)
if(chance .dt. .5)d0 to 310
write{s,#) “1I was at 2-320~
do0 to 320
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call bactrk(a+l,stkarel(a+l))
tyrel = Q

c o= @
write(b,#) “1 was at 2-330~
g0 to 23

Onty bottom rort is free
if(stkare(a)=stkare(a+1))410,420,430
call bactrk(a,stkars(al)}
tyrel = O
a = a+l
= a-1
writel{é,#) “I was at 2~410~
g0 to 24
chance = ranfi{seed)

ifl{chance .gt. .S)de to 410
write(&,#) “I was at 2-4207
g0 to 430

call bactrk{a+l.stkarei{a+l))
tvre2 = 1

c = a

write(s.#) 71 was at 2-430~
g0 to 24

Pdate s e rvice s tack
irtra = iptrb

call sortistackb,irtrb)
do 130 i=l,iptrb

stacka(i}) = stackb(iptrb+i-i)
ietrb = 0O
return

end
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subroutine dolta.curbox,stkare,box)
c
inteser arcurbox, stkare(400),remain. bosx(44,5)
c
< writel(b,#) “I was in Gol~”
ifistkarel{al.st.box(curbox:3}} then
remain = stkare(a) — box{curbex.2)
stkare{a) = box(curbox,3)
call bactrk(a-.remain)
endif
return
end
[
I
=
subroeutine do2(a.curbox.stkare.box)
c
inteser arcurboxystkare(400),remain, box(64,5)
c
c writet(d.#) I was in Go2”

ifi{stkare(a) .d3t. box(curbex,4}) then
remain = stkarel(a) - box{curbex.4)
stkare{a) = box{curbox:4)
<all bactrk(a.remain)

endif

return

end
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c

10

subroutine update(termislinky,stkl)

character#5S net

double Precision dseed.dseedl

real epmark.rtave

inteder 1inkv{(40Q0),termi,stki{400)

integer sucreal{éd),sucres(td4):Failral(sd), failrs(&4), tdelavisad)

inteder totlen{&4).unTuck(&64),stkar2(400), ttrans (&4)

integer Flink2(400),status(400),stackal{d00),stackb({400)

inteder tstart,tstop,freers(64),numsoussucent(400).s5tore{400)

integer theld,allres. numrro.tien(é4),resreniddl. trscntisd), datime

inteder resor(64,10),timere(&4,10),rstate(s4,10), trunni(s68,10)

intesar-boxtb4.5).Pmait(64>‘stackc(150),stackd(ISO),stkare(4OO)

inteder numstg,reacnt(&4),bstate(d00), stkarr(400), torera(ad)

integser data(400),bmode{400),bckwrd(400.2),¢1ink{400)}.b1ihk (200}

inteder Proces(64),resour(464), 5UCPros: PNUm, FRUMs Forwrd (400, 2)

ledical runfla2(é4,10) .retatelé&d),.auitfl(64).busy(400,2)

logdical btrkf1(400),treflg(400)

cammoR sucreq,sucress:failra,failrs,tdelav.unluck,stkar2,
*F}ink.FTinkZ,blink,ttrans.stacka,stackb;tot?en,thOIG:aTIres,
#status,tstart, tstor.dseed:dseedi: freers, numsous, succnts numero,
*tien,resren,resor,timerevrstate,trunni-box,sucpro,busv,Pmark,
#Pwait.stackecsstackd.stkare,stkaprr,numsty, reacnt,bstate,rtave.
*torsrq,data,bmode,Forwrd,bckmrd.Proces,resour,Pnum,rnum,btrkF1,
*trsfld, trscnt.datime.pPrt,store.
#runfld.pstaterauitfl.irtra.irtrb,irtre,irtrd-net

write(bd.%#) “1 was in update”
if(termi.de.&65 .and. termi.le.80) then
if(linkvyi{termi).ge.8! ,and. linkr(termi}.le.?4) then
write(&.#%#) "I made it from proc. “.stkapr{termi)
Kk =0
kk = linkv(termi)-g0
doe 10 i=l.numsou
if{rstate(kk-80.1) .ne. 1) then
resor{kk.i) = stkarr(termi)

trunni(kk,i) = O
retatetkk,i} = 1
runfisi(kk.i) = ,false.

timerel(kk.1i) tlen(resor(kksi))

freers{kk) = freers{kk) - 1

sucentistkaprr{termi)) = sucent{stkapri{termi)) + 1
if{succnt(stkarri{termi)).de.resrea(stkarr(termi)))

# then
trsfldi(stkarr(termil)) = .true.
trscnt{stkaprr{termi})}) = 0

endif
k = Kk + 1
endif
iflk.ge.stki(termi)}? return
continue
endif
else
irtrk = irtrb+l

flink(linkry{(termi}) = =1
stackb{irtrb) = linkv{termi)
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stkl(linkvy{termi)) = stkilittermi)
stkapr(linkv(termil} = stkapr{termi}

endif
return
end
<
c
3 TS W AF B 2 6 43008 35 B P 32 2 33
[« Routine to sum arravys

WA 3 I I A 3 403U 3 6 TR 3 3 6

L=
real function sumit(numPro,arravl)}
integer numero
integer arravli(numero)
sumit = 0.
do 10 i=%, numpro

10 sumit = sumit + float(arravl{i})
return
and

c

c

3 A 6 3 AR R

¢ Sort Routine

2 LT 1 2 S 5 T LT Ry

c

c
subroutine sertix.n)
inteser x{(n)
do 10 m=2.n

kB o=m
S5 if(xi{k) .le. x(k/2))do to 10
kv= x{k}

=lk) = x(k/2}
x{k/2) = kv
k= k/2
if(k.dt.1) =20 to 5
10 continue
do 30 nm=2.n
m = n—nm + Z
itop = x(1)
do= 1
25 if(m.le.i*2) do to 27
LF(x(2%i), ge.x(2#j+1))i=2nj
IF(2%i) .1t (2%i+1) ) i=2%j+1
ifxtidole.x{m) g0 te 27

=0dY = (i)
d=i
g0 to 25
27 xld) = xim)
20 =(m) = itop
return
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If

subroutine connec(tsb.mode,termi,curbax)

inteder toe,bottom.t:brcurbox,termi.mode

character#3S net

double pPrecision dseed,dseedl

real Pmark,rtave

integer sucres(éd).sucresiédd) failral{éd),Ffailrs(sd),tdelav{sd)
inteder totlen(&4),unluck(bd).stkar2(400),ttrans(64)

integer F1ink2(400),status(400),stacka(400);stackb(400)

inteder tstart,tstops freers(b64),numsou.succnt{400),store (400)
inteder thold,allres.numprostlen{(é&d),resreal(sd)trscnt(s4),datime
integer resor(&4:10),timere(464,10),rstate(64,10)trunni(4&4,10)
inteser box{&64,5),pwait{bd).stackc{iS0),stackd(150),stkare(400)
inteder numstg,reacnt(&4).bstate(400),stkarr(400),torsrql{é&d)
inteder data(400),.bmode(400),bckwrd(400,2):F11ink{400},b1ink(400)
integer eproces(é64).resour{btd),sucero,Pnums rnums Forwrd(400,2)
logical runflg(é4,10).pPstate(dbd).muitfi(64),busyi{400,2)

Togical btrkfl1{400),trsfig{400)

COmmon sucresysucres.failra,failrs,tdelavy,unluck,stkar2,
#flink,»$1ink2:blink,ttrans,stacka,stackb,totlen,thold,allres,
#statuss.tstart.tstor. dseed.dseedl, freers,numscussucent numPro,
#tlen,resreq>resorstimere.rstate, trunnisbox:sucerosbusy,pemark,
#pwait.stackec.stackd,stkares.stkarr.numstd, reacnt,bstate,rtave,
#torsrg,data.bmode, forwrd. bckurd: Proces, resours PRUmMs FRUmsbErkf1,
#trsfld, trsent.datime,ert.store,
#runfld,pstaterauitflisvirtrasiptrbrirctre,irtrd,net

write{é,#) “] was in conpec”

tor = 1

battom = 2

moda = mode + 1

g0 to(l0,10,25,30,30)s moda

if{t.ea.1) busvicurbox,tor) = .true,.
if{b.ea.1) busv{curbox,bottom} = .true.

a backtracked sidnal is making a conpection, its box mode
needs to be chanded to “breadcast” if it is a partial regauest

ifi{btrkfi{termi}) then
ptrkfli(termi} = ,false.
ifi{stkare{termi) ,it, store{termi)) then
ifitermis/2#2 .pe, termi) then
call assign{4,bmode({curbox).forwrd.flink, flinkZ,bhlink.
#termi)
' if{mode .ea. 1) then
stkarZ2(termi) = stkarel{termi}
d0 to 31
endif
if{mode .ea. O) S0 to 32
endif
if{termi/Z42 .ea, termi) then
call assign{(2.bmode(curbox), forwrd,flink,flinkZ:blink,
#termi—1)
if{mode .ea. Q) then
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stkar2(termi) = stkare(termi)
g0 to 31
endif
if{mode .e=. 1} g0 to 32
endif
endif

endif
call urdate(termi,flink,stkare)
ifi{t .ea.1 ,and. b .ea. 1)call updatel(termi+l,flink.stkare)

return

busv{curbax,tor) = .false,
busv{curbox:bottom) = .false.
return

busv{curbox,tor) = .true.

busvy{curbox.bhottom) = .true.
call update(termi,flink.stkare)
call urpdate(termi,flink2,stkar2)
return

end
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box{bacbux,4) = O

endi f

flink({ia) = -1
endif

else

btrkfl(ia) = ,true.
irtrbh = iptrb + 1
stackh(iptrh) = ia
Flinkl(ia) = -1

store(ial = stkarel(ia?
stkaref{ia) = it
stkapr{ia) = stkapr(termi)
if(bmode{bacbox),es.0) then
if{ia/2#2 .ne. ia) then
if(stkare{ia).ea.resrea{stkaprri{iall} then
busv(bacbox-1) = .false.
endif
box(bacbox.5) = boxtbacbox,4)
box{bachex,3) = &
else
ifi(stkarel(ial.es.resrea{stkarr(ial}) then
busv{bachox,2) = ,false.
endif
box{bacbox:5} = box(bacbox.:3)}
box(bachox.4) = O
endif
endif :
if (bmode(bacboexl.eq.1) then
iflia/2*2 .ne. ia) then
ifi(stkare(ial).ea.resrea(stkarr(ial)) then
busv{bachbox,2) = .false,
endif
box{bachax,3) = bhox{bachaox,3)

box{bachox,4) o

else
tfistkarel(ial.ea,resreaistkarr{ial}) then

busv{bacbox,1) = ,false.

endif
box{bacbox:+35) = box(bachox,4)
box({bachox,3) = O

endif

endif
endif

endif

Case of redected sidgnais are at ist stade:
Put them on stack and trv eropagating forward again

if(termi .1t. numpro#2+1} then

iptrb = iPtrb + 1
flink{termi) = «~1
stackbh{irtrb) = termi
endi f
return

end
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backtrack whenever reauired

C i 3E B 36 23 S 2 4 e B Bk 3 25 36 26 3 2 43 36 036 3 35 30 30 4 46 3E 30 2 3 E SEE SR

g
c

subroutine bactrk(termi.it)

[
inteder

character#S net

termi,bacbox

double preciszion dseed.dseedl
real pmarks.rtave

inteder
inteder
inteder
inteder
inteder
intedser
inteder
intedger
inteder
integser
Togical

lodical

n

sucres(&4),sucres{é&d)»failra(hd), failrsibdsd),tdelav(&sd)
totlen(bd)unluck(64),; stkar2(400), ttrans(64)
Flink2(400),status (400} stacka{400):stackb{400)
tstart,tstop, freers(&64); numsou,succnt(400Q), store (400)
thold.atiressnumpro.tlen(é4).resreal(dsd),trscnt{éd).datime
resor{b4,10),timere{54,10):rstate(éb4,10)trunni{s4,10)
box(&4:5)s pwait(64),s5tackc{150).stackd(1S50}),stkare (400}
numsts,reacnt (64),bstate(300),stkarr(400),torsral&d)
data{400):; bmode{400),bckwrd(400,2), F1ink{400),b1ink(400)
proces{é&d):resour{bdl. sucPro, BAUM PAUM. Forwrd (300, 23
runfld{44,10),pstatel(&4),quitfl (&4),bysy(400,2)

btrkfl (4003, trafi ¢{400)

commen sucred,sucressfailre.faillrs.tdelavsuniuck,stkar2,
¥flink.#1inkZ.blink.ttrans,stacka>stackb:totlen.thald.allres.
#status, tstart.tstor,dseed,dseedl, freers,numsous succnt. numPrao,
#tlen;resrea,resorstimere,rstatestrunpni.box,sucprs.busy,Pmark,
#Pwalt.stackc.stackd.stkare,stkarr, numstd, reacnt.bstate-rtave.
#torsre.datasbmode, Forwrd; bckwrd. Proces,resour: Poum; Pnum, btrksl,
#trsfldg, trscnt.datimesprtiatores
#runflid.pstate.auitfl,iptra.irPtrbsirtrerirtrdsnet

nanaf

Case of reJected signais not at 1st stade

write{&,#) “1 was in bactrk~

if{termi.de, numPro#2+1) then
ia=blink{termi)
bacbox = {(ia-15)/2
iftbtrkfl(termi)) btrkfl{termi)= ,false.

AN

cutrPut

il

Checking if it is the 2nd backtracking signal to merdse “em if
necessary, set RA”s accordingly, and c¢lear busy flag for

part if it is not a rartial backtrack.

ifibtrk¥fl1{ia)) then
if(bmode(bacbox).eq.2 .or. bmode(bacbox).ea.4) then

stkare(ia) = stkarel(ial) + it
if(termi.es.flinki(ia)) then
if(stkare(ial.eq.resrea(stkarr(ial))}? then
busv{(bacbax,1) = ,false.
endif
box{bacbox.3) = box{(bachox,4)
box{bachoex,3) = O
endif
ifi{termi.ea.flink2(ial)) then
if(stkar2(ial).ea.resrea(stkarr(ial))) then
buswvi(bachox,2) = ,false.
endif
boxibacbex,5) = box(bacbhox,3)
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¢ Box function set routine
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[

subroutine assidgnimode,numode-.Part.flink,flink2Z,blink, index)

n

inteder pPort{(400,2), bBlink{(400), Fflink{(40Q)
integer ¥1ink2{400),ter.bottom,numoade.mode

c write(b.#) “I was in Assign”
topr = 1
bottem = 2
numcde = mode
moda = mode + 1
go to (10,20,50,30,40),moda

Straight Mode = @

[yl

10 flink{index) = portl{index,tor)
Flink(index+1) = portl{index+l.bottom)
blink(raert(index,tor)) = inde:x
biink{porti{index+l,bottom)) = index + 1
return

Diadonal Mode = 1

N

20 flimk{index) = port(index.bottom)
flink(index+1) = rort{index+1l,tor)
plink(porti{index.bottom)) = index
blink(rPort(index+l,toprP)) = index + 1
return

NN

Lower Broadcast Mode = 3

N

30 flink(index+1l) = port{index+I1,top)
f1ink2(index+1) = port(index+l,bottom?
blink(rort(index+i:tor)) = index+l
blink(rPport{index+i,bottom)) = index+l
return

n

UrprPer Broadcast Mode = 4

noan

40 fFlink(index) = portiindexstor)
flink2(index) = pPortl{index.bottom)
blink{rPort{indesx-tor)) = index
blink(rort{index.bottom)) = index

S0 return
end
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[ =4 *
[4 Statistics Calculationses #
c +*
¢ Program name Calstat. ¢ *
c Language : Fartran 77 *
¢ Programmer : Anthony Hicks *
¢ Facilities © UNIX Dual-Vax 780 on ECN *
c Electrical Engineering Dept. *
[ Purdue University *
¢ Date written 10/20/81 *
¢ Date updated 10/20/81 *
c *
£ Description : *
c Blocking information calculations *
c *
c External Files - Input : Statable Statistics table *
€ Output : Statinfo Statistics *
c »
e R
c

[ =

teal varian(B:E);stdev(B-E);pmean(BaE)ablkpro(S.S).
*palloc{8, B). datab(8, 8, 3}, rowtot(8)
data vowtot, total/ox0. /
do 10 k=1,3
do 10 i=1,8
10 read (5., %) (datab{i, y, k}, yj=1,8)
do 20 i=1,8
da 20 ;=1,8
pmean(i, 3> = datab{i., . 1}/datab(i, j, 2}
pallocii, §y) = pmean(i, g}/ float(i}
blkprodi, j) = {. - pallocii. )
varian(i, j) = datab(i.J;S)/datab(i-Jr2)—pmean(i.J)**2
=
=

stdev{i, j} sqrit(varian(i, j))
Towtot(i) rowtet(i) + datab(i, ,2)
20 total total + datab{i, j: 2}

writel(é, 21)
21 format(4x, ‘rescurce: h3xs T17, 11, ‘27,0 11%, 37, 11, ‘47, 11x, 'S,
*11x: 57, 11x. *7 7, §1x, 'B?, /, 2%, ‘processor ‘)
write(s, 31)
de 30 i=1.8
30 write(4, 32) i, {(pmeanli, j), y=1,B8)
write(b, 41
de 40 i=1.B
40 write(& 32) i, (varianti, j), y=1.8)
writel{&s, 51) .
do 50 i=1.8
50 write(&, 3R) i, (stdev(i, y), yj=1.8)
write(s, 61)
do &0 i=1,8
&0 write(&,32) i, (palloc(i, j), yj=1, 8)
writel(d: 71)
do 70 i = 1,8
70 write(é, 32) i, (blkpro(i, j), j=1,8}, rowtot (i)
write{&, 73) total
21 format(/.20x, "average # of processors allocated’, /)
41 format(/, 20x. ‘variance of processors allocated”, /)
32 formati{Sx,11,4x,B(£10. 5, 2x). 4%, £&6. 0, * cases’}
91 format(/,20x, ‘standard deviation of processors allocations’, /}
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format{/, 20x. "average percentage of processors allocated’, /)
format(/, 20x, ‘average processor blocking probabilities’, /}
format(//, &0x, ‘“total = *, §4. 0.’ cases’)

stop

end
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c*******u********************************************4************
c *
c Average Deiags Caleculations *
¢ *
¢ Program name : Caltime. £ »*
€  Language . Fortran 77 *
c Programmer : Anthony Hicks #
¢ Facilities I UNIX Duyal-Vax 780 an ECN *
4 Electrical Engineering Dept. *
c Purdue University #*
¢ Date written 01/13s82 *
¢ Date updated : 0i/13/8BD L]
c #
¢ Description *
c Average delaying time calculations. *
#*

External Files - Input . Statable Statistics table *
Output : Stattime Average delays *

L 3
*i*i****#:“--:5;#:“:w:n“-:“:{:#:::#::##::n:###%,************i****

real»g varian(B;B),stdev(SoB).pmean(Bas)ablkpro(E.B);
*palloc(B;B).datab(B.B.S).rowtut(B)
data rowtot, total/ox0, /
de 10 k=1.23
do 10 i=1,8
10 Tead (3, *) (datab(i, ), k), yj=1,8)
do 20 i=1,8
de 20 j=t.8
pmean{i, j)
varian{i, 3}
stdev(i, y3
rowtot (i)

datab(i.J.l)/datab(iaJ.2)
datab(i,J.S)/datab(i.J.E)-pmean(i.J)**E
sqriivarian(i, j))

rowtot{(i) + datab(i, y, 2>

uwnmy

=0 total total + datab(i, j,2)
write(s, 21)
21 format(4x, ‘resource: ’.3:;’1';11:.'2’.11:.’3’.11:;'4’.11:.'5’,

*11:.‘6’.11x.’7':11!.’8'./.2x,’processor’)
write(s, 31)
de 30 i=i., g8
30 write{é, 32) i, (pmean(i. y), j=1,8)
write(s, 41)
do 40 i=1, 8
40 write(s, 32} i, {varianti, j), y=1,8)
write(4, 51)
do 50 i=1.8
50 write(é, 32) i, (stdevii, j}, j=1.8}
writeld, 73) total
2 Pormat(/.QO::’avarage units of delaying time~’, /}
41 format{/,20x. *‘variance of delaying time’., /)
32 Furmat(&x,i1,4x:B(PIO.5»2x);F6.0)
51 format(/,20x, ‘standard deviation of delaying time’, /)
73 format(//, 60x, ‘total = ‘s £6. 0, Y cases”)
stop
end
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creatree <1235 44678> 12354478
cp 123544. 78 procreq

findit <12354678

cp statable table. bak

o 123544678

creatree <1234 4578B> 123464578
cp 1235645, 78 procreq

findit <12364578

cp statable table. bak

™m 12364578

creatree <1237. 4568> 12374568
cp 123745 68 procreq

findit <12374548

cp statable table. bak

™m 123745468

creatree <1238. 45647> 123845467
cp 123845, &7 procreq

findit <12384567

cp statable table. bak

™m 1238454647

creatree <1234, 5678> 12345478
cp 123454, 78 procreq

findit <1R345678

cp statable table. bak

™m 12345678

treatres <8356. 2471 B3542471
cp B35&24. 71 procreq

findit <B3562471

cp statable table. hak

™m B35&62471

creatree <B5&7. 2413> 854672413
cp 856724. 13 procreq

findit <B%&672413

cp statable table. bak

rm B54672413

creatree <BS43. 2617> 254324617
cp 854325, 17 procreq

findit <B5432617

cp statable table. bak

™m 85432617

creatree <2857. 6314> 28576314
cp 285763, 14 procreg

findit <RB576314

cp statable table. bak

™m 28374314

creatree <2734, 815> 273446815
cp 273468. 15 procreq

findit C275446815

tp statable table. bak

™M 273446815

Creatree <B754. 43120 B75464312
cp 8754643, 12 procreq

findit <875&64312

cp statable table. bak

™m 87544312

creatree <7543. 2B1&> 75432814

COMMAND FILE: RUNALL

Page 1

cp 754328. 18 procreq
findit <75432818

cp statable table. bak

™m 7354328146

treatree <1245. 3678> 124534678
cp 124534 78 procreq

findit <12453&78

¢p statable table. bak

™m 124534678

creatree <1246, 3578> 12443578
cp 1244635, 78 procreq

findit <124463578

cp statable table. bak

™m 124463578

creatree <1247, 3568> 12473548
cp 124735, &8 pPTOCTEQ

findit <12473548

cp statable table. bak

rm 12473568

creatree <1248. 3567> 12483547
cp 124825, &7 pProcreq

findit <12483%47

cp statable table. bak

™m 124835867

creatree <1256, 3478> 12543478
cp 12584634, 78 procreqg

findit <12563478

cp statable table.bak

™m 12563478

creatree <1257. 3468> 12573468
cp 125734, &8 procreqg

findit C125734463

cp statable table. bak

N 125734468

treatree <125B. 3447> 12583447
cp 125834. &7 precreq

findit <12583467

cp statable table. bak

™M 12583487

creatree <l267. 3458> 124673458
cp 126734, 58 procreg

findit <124673458

cp statable table. bak

™m 12673458

creatree <1268. 3457> 124683457
cp 124834, 57 procreq

findit <124683457

cp statable table. bak

™m 12683457

creatree “1278. 34542 127B3454
cp 127834 54 praocreq

findit <1278345s8

cp statable table. bak

™m 12783454

creatree €1345. 2478> 13452678
cp 134524, 78 procreq
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Mar 16 17:05 1982 runall Page 2

findit <13452478

cp statable table. bak

™m 134525678

ctreatree <1344, 2578> 134425783
cp 134625. 78 procreg

findit <13442578

cp statable table. bak

™M 13442578

creatree <1347, 25468> 13472548
cp 134725, &8 procreq

findit <13472548

&p statable table. bak

rm 134725468

creatree <1348. 2567> 13482547
cp 134825, &7 procreq

findit <13482547

tp statable table. bak

™m 13482547

creatree <1356. 247B> 13542478
cp 135624, 78 precTeq

findit <135&82478

ep statable table. bak

™m 135462478

creatroe <1357. 2468> 13572448
cp 135724 48 procreq

findit <13572448

cp statable table. hak

™m 13572448

treatrae <1358. 2467> 13582447
cp 135824, &7 procreq

findit <13582447

cp statable table. bak

™m 135824467

cregtree <1347 2458> 13472458
cp 136724 58 procreq

findit <13672458

tp statable table. bak

Tm 13672458

treatree <1368. 2457> 13682457
Cp 1346824, 57 procreq

findit <13&4B2457

cp stastable table. bak

rm 13682457

treatree <1378. 2454> 13782454
cp 137824. 54 procreq

findit <13782456

cp statable table. bak

™m 13782456

creatree <14356. 2378> 14542378
tp 1455623, 78 procreqy

findit <14562378

cp statable table. bak

™o 145462378

creatree <1457. 23468> 14572368
cp 145723, &8 procreq

findit <14572368

cp statable table. bak

™m 14572358

creatree <1458. 23677 18582367
cp 145823. &7 pProcTeg

findit <145823867

tp statable table. bak

™M 14582347

creatree <1467, 23%8> 144672358
cp 1446723, 58 procreq

findit 144672358

cp statable table. bak

™M 14672358

creatres <1468. 2357> 14682357
cp 144823, 57 procreq

findit <14582357

cp statable table. bak

™m 14682357

creatree <1478. 2354> 147B235:&
cp 147823, 56 procreq

findit <14782354

cp statable table. bak

™m 14782354

creatree <15&47. 234B> 15672348
cp 156723, 48 procreq

findit <15&72248

cp statable table. bak

™m 15672348

creatree <1568. 2547> 15482347
cp 156823. 47 procrenq

findit <15682347

tp statable table. hak

™m 15682347

creatree <1578. 2344> 157B2344
cp 187823 44 procreq

findit <15782344

cp statable table. bak

™m 15782344

creatree <1678. 2345> 146782345
cp 147823. 45 procreq

findit <1&782345

cp statable tabvle. bak

™m 1567822345

creatree <2345, 1678> 23451478
cp 2345146, 78 procreq

findit 23451678

cp statable table. bak

™m 23451678

creatree <2346, 1578> 23461578
tp 2344615 78 procreq

findit <23461578

cp statable table.bak

™M 238561578

creatree <R347. 1568> 23471548
cp 234715, 58 procreq

Findit <R3471548

cp statable table. bak
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™m 23471548 creatree <2468, 1357 24481357
creatree <2348. 1567> 23481567 cp 246813, 57 procreq

cp 234815 67 procreg findit £246B1357

findit <234815&87 cp statable table. bak

cp statable table. bak ™m 24681357

™m 234815467 creatree <2478. 13582 2478135&
creatree <2356, 1478> 23551478 cp 247813. 56 pracreq

cp 235414, 78 procreq findit 24781354

findit {23561476 cp statable table.bak

tp statable table. bak ™™ 24781356

rm 235461478 creatres <2567. 1348> 25671348
creatree <2357. 1468B> 23571448 cp 25&6713. 48 procreq

cp 235714 &8 procreq findit <254671348

findit 23571448 cp statable table. bak

cp statable table. bak ™m 25671348

™m 23571468 creatres <2568, 1347 25681347
creatree <2358, 1467> R3SB1467 cp 256813. 47 praecreq

ep 235814 57 procreq findit {25681347

findit £235814487 cp statable table. bak

cp statable table. bak rm 234812347

™m 23581447 creatree <2578, 13446> 25781344
creatree <23&67. 1458> 234671458 cp 257813. 44 procreq

cp 234714, 58 procreq findit <2578134&

findit L23671458 tp statable table. bak

tp statable table. bak ™m 25781344

™m 23671458 creatree £2678. 1345> 24781345
creatree L2368, 1457 23481457 cp 2467813, 45 pTrocTeg

cp 236814, 57 precreq findit <26781345

findit <235681457 cp statable table. bak

tp statable table. bak rm 26781345

™m 23681457 creatree C3454. 1278> 34561278
creatree {2378. 1454> 23781454 cp 345&612. 78 procreq

cp 237814, 55 procreq findit . 345461278

findit <R3I781455 cp statable table. bak

cp statable table. bak ™m 34561278

™m 23781456 creatree <3457, 1268> 34571268
creatree <2456, 13782 24561378 cp 345712, &8 procreq

cp 2435613, 78 procreq findit 34571248

findit 245615378 cp statable table. bak

cp statable table. bak rm 34571268

) 24561378 creatree <3458. 1267> 34581247
creatree <2457. 1368> 24571348 cp 345812. &7 procTeq

cp 245713, 68 procreq findit <34581287

findit 245713468 cp statable table. bak

cp statable table. bak ™m 34581267

r™m 24571368 creatree <34&7. 1258 344671258
creatree <2458, 13467> 24581347 cp 346712. 58 procreq

cp 245813, &7 procreq findit L344671258

findit C245813467 cp statable table. bak

cp statable table. bak ™M 34471258

™m 245813467 creatree <3448, 1257> 34681257
creatree <2467, 1358> 244671358 cp 344B12. 57 procreq

cp 246713, 58 procreq findit <344681257

findit 24471358 cp statable table. bak

cp statable table hak ™ 344681257

™M 244671358 creatree <3478, 125860 324781254
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cp 347812 56 precreg

findit <3478125¢6

cp statable table. bak

T™m 34781254

creatree {35467, 12485 354671248
cp 3546712, 48 procreq

findit <35&71248

cp statable table. bak

rm 354671248

creatree <3548. 12475 35481247
cp 35&6B12. 47 procreq

findit <35&681247

cp statable table. bak

M 35681247

cTeatree <357B. 12447 35781244
cp 357812. 45 procreqg

findit L<35781244

cp statable table. bak

™M 35781244

creatree <3&78. 1245> 35781245
cp 3467812 45 procreq

findit 34781245

cp statable table. bak

Tm 34781245

creatree <45467. 1238> 45671238
cp 456712, 38 procreq

findit <454671238

cp statable table. bak

™M 45671238

treatree <45468. 1237> 45481237
cp 456812, 37 procrenq

findit {45&81237

cp statable table. bak

™m 45681237

creatree <4578. 1234 45781234
cp 457812, 3& procreq

findit <4357812386

cp statable table. bak

™m 45781236

creatree <4678, 1235> 456781235
cp 467812. 35 procreq

findi% <4&678123%5

cp statable table, bak

™m 467B1235

treatree <3&478. 1234> 5&781234
cp 367812 34 procreq

findit <54£781234

tp statable table. bak

+m 56781234

creatree <B&45. 127> B&4532127
cp 864531, 27 procreq

findit <B&453127

cp statable table. bak

m B&AS3127

creatree <7435 6128> 74356128
cp 743561. 28 procreq

runall Page 4
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findit <74356128

cp statable table. bak

Tm 743546128

creatree <7385 41246 73B54124
cp 738541, 26 procreqg

findit 73854124

cp statable table.bak

rm 73854126

creatree <B7&4. 3125 87643125
cp 874431, 25 procreq

findit <B746£43125

cp statable table. bak

™m B75643125

creatree <74653. 2418> 76532418
cp 7465324, 18 procreq

findit <76532418

cp statable table. bak

™m 76532418

creatrese <1784, 56423> 17845423
cp 178454. 23 procreq

findig £17845623

cp statable table. bak

rm 178454623

creatres <3687. 51242 34875124
cp 3468751 24 procreqg

findit <36875124

cp statable table. bak

rm 36875124

creatree C4B73. 21546> 48732158
cp 487321, 54 procreq

findit {48732155

cp statable table. bak

™m 487321558

creatree <2784. 5134> 27B45136
cp 278451. 35 procreq

findit <2784513%6

cp statable table. bak

™m 27B45136

creatree <2485, 6137 24856137
cp 248541, 37 procreq

findit £24856137

cp statable table. bak

m 24856137

creatree <3482. £6157> 34B26157
cp 348261, 57 procreg

findit {34824157

cp statable table. bak

™m 34826157

creatree <2386, 7145> 23847145
¢p 23B&71. 45 procreq

findit <238467145

tp statable table.bak

™m 238467145

creatree <2684, 7135> 26847135
cp 268471, 35 procreq

findit L26847135
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cp statable table bak

m 26847135

creatree <2357. 8144 23578144
cp 235781, 46 procreq

findit <23578146

tp statable table. bhak

™m 23578144

creatree L2454, 7138> 245467138
cp 2458671. 38 procTeq

findit <245&471038

cp statable table. bak

m 245467138

creatree <2345. 6178> 23454178
cp 234561, 78 procreq

findit <234546178

cp statable table. bak

™m 234546178

creatree <1283. 4547> 12834567
cp 128345, 67 procregqg

findit C12B834547

tp statable table. bak

™m 12834567

creatree <13B2. 4567> 13824547
cp 138245, 67 pracreq

findit <13824547

tp statable table. bak

*m 138245467

creatrae <1482 35367> 14823547
cp 148235, &7 procreq

findit <14823547

cp statable table. bak

™m 148235467

creatree <1582, 3467> 15823447
ch 158234. &7 protreq

findit <15823447

cp statable table. bak

rm 15823447

creatree <1823. 454672 1B234567
op 182345, &7 procreq

findit 18234587

cp statable table. bak

™M 18234547
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Input files to TREE.P to create tress to be.search by SEARCH.F

1234. 5678
123456. 78
1235, 44678
123546, 78
12346. 4578
12364%. 78
1237. 4568
123745, &8
1238. 45&7
123845, &7
1245. 3478
124534, 78
1246. 3578
1244635, 78
1247. 3568
124735, &8
1248. 3567
124835. &7
1256. 3578
125634. 78
1257. 34&8
125734, 68
1258. 3467
125834. 47
1247. 3458
1246734, 58
1258, 3457
126834 57
1278. 34558
127834, 5&
1283. 4547
128345. &7
1345. 2678
1345246 78
13446, 2578
134625. 78
1347. 2548
134725, 68
1348. 25467
134825, &7
1354. 2478
1355624.78
1357. 2348
135724. &8
1358. 2447
135824, &7
1367. 2458
1346724, 58
1348, 2457
1346824, 57
1378. 2454
137824. &
1382. 45467
138245 &7
1454 2378
145462353. 78

1457, 2348
145723, 48
1458. 2347
145823. &7
1447. 2358
1446723, 58
1448, 2357
146823, 57
1478, 235&
147823, 5&
1482, 35467
148235, &7
15&7. 2348
156723. 48
1548, 2347
156B823. 47
1578. 2346
157823. 44
1382. 3467
158234. &7
14678, 25345
147823, 45
1784, 54623
178456, 23
1823, 45&7
182345 &7
234%5. 1678
2345. 6178
234516, 78
234541, 78
2344, 1578
2346135, 78
2347. 1568
234715, 68
2348. 1567
234815. &7
23546, 1478
235614. 78
R2357. 1448
2357. 8144
235714, 68
235781 . 44
2358. 1447
235814. &7
2347. 1458
2356714, 58
2348, 1457
234B14. 57
2378. 1454
237814, 56
2384, 7145
238671. 45

243546, 1378
2456, 7138
2455613. 78

2454671, 38
2457, 1368
245713. 48
2458. 1367
245813. &7
2447. 1358
2456713. 58
24468. 1357
246813. 57
2478. 13546
247813, S5&
2485. 6137
248561. 37
25&7. 1348
25&6713. 48
25&8. 1347
254813. 47
=578, 1344
2%7813. 44
2678. 1345
267813, 45
2684. 7135
2568471, 35
2734. 4815
2734468, 15
2784 5136
27845136
2857, &314
285743, 14
34546, 1278
345&12. 78
3457, 12468
345712, &8
3458. 1267
345812. 47
3447. 1258
3446712. 58
34468, 1257
3446812, 57
3478. 12546
347812. 546
3482, 6157
348261. 57
3567. 1248
3546712. 48
356B. 1247
356812. 47
3578. 1246
357812. 446
3678. 1245
3467812. 45
3687. 5124
348751, 24
45467. 1238
4546712, 38
4568. 1237

4546812, 37
4578. 1236
457812, 3&
4478, 1235
447812. 35
4873. 2156
487321, 56
S5&78. 1234
56781i2. 34
7385. 4124
738541, 258
7435. 5128
743541, 28
7543. 281&
754328. 16
7653. 2418
745324, 18
8354, 2471
835624. 71
8543. 2617
854326. 17
B347. 2413
8546724, 13
8645, 3127
864331, 27
8756, 4312
875643, 12
87464, 2123
874431. 25
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