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Preface

The Center for Information Systems Research (CISR) is a
research center of the M.I.T. Sloan School of Management. It
consists of a group of management information systems specialists
including : faculty members, full-time research staff, and
student research assistants. The Center's general research
thrust is to devise better means for designing, implementing, and
maintaining application software, information systems, and

decision support systems.,

Within the context of the research effort sponsored by the
Naval Electronics Systems Command under contract
NO0039-78-G-0160, CISR has proposed to conduct basic research on
the Intelligent Memory System (IMS). The IMS is a high

performance, high availability information management syétem for

supporting future Command, Communication and Control Systems.

Current advinces in LSI and Multi-Chip Integration technology
offer the potential for development of modular multi-processor
building blocks for information management, as well as for
intelligent memory controllers. Advances in information
management technologies have made it possible to hierarchically
organize the information management functions so as to facilitate
pipeline and parallel processing, The IMS attempts to integrate
the above hardware and software advances. In the IMS, all the

information management functions are decomposed into a functional




hierarchy. Each level of the functional hierarchy is implemented
using modular multi-processor building blocks. An automatic
storage hierarchy is used by the IMS for storage and retrieval of
very large databases. Each level of the storage hierarchy is
implemented using modular multi-processor controllers and their

associated storage devices.

The proposed research described in Contract N@@@39-78-G-0160
focuses on the concept development, architectural design and
evaluation of the IMS storage hierarchy. Specific research tasks
to be accomplished are : (1) design of a general structure of
the IMS storage hierarchy, (2) design of a revised structure of
the IMS storage hierarchy, (3) develop algorithms for the IMS
storage hierarchy, (4) performance evaluation of the IMS storage

hierarchy.

Technical Report No. 1 introduces the concepts of IMS and its
research directions. Technical Report No. 2 discusses the
concepts of data storage hierarchies from a practical point of
view. A design of DSH-1, the data storage hierarchy of the IMS
database computer, is described. Technical Report No., 3
describes a simple structure of the IMS data storage hierarchy
derived from DSH-1l. Algorithms for supporting the read and write
operations are developed. This report discusses the results of a

series of simulation studies of the DSH-11l Data Storage Hierarchy

System.




ABSTRACT

This report discusses the results of a series of simula-
tion studies of the DSH-11 Data Storage Hierarchy System.
DSH-11 is a storage subsystem specially designed for the
Intelligent Memory System (IMS). IMS is a backend computer
specially designed for performing efficient and reliable
database management. Descriptions of the IMS and the DSH-11
are presented in several companion reports. This report

focuses on the performance evaluation of DSH-11.

A key objective of these simulation studies is to assess

the feasibility of supporting very large transaction rates

(millions of reads and writes per second) with good response

time (less than a millisecond) using the DSH-11 storage

hierarchy and the read-through and store-behind algorithms.

An initial GPSS/360 simulation model was developed for a
DSH-11 configuration with one processor and three storage
levels. The results obtained from this model proved inter-

esting. It was found that, at very high locality levels,

when most of the references are satisfied by the highest

per formance storage level, the store-behind algorithm inter-

acts with the DSH-1l buffer management algorithms to create




a system deadlock. This was not anticipated in the design

of DSH-11, and led to a redesign of the DSH-11 buffer man-

agement scheme.

Another GPSS/360 simulation model was developed for a
DSH-11 configuration with five processors and four storage
levels. This model makes use of deadlock-free buffer man-
agement algorithms. Results from this model revealed

further interesting properties of the store-behind algorithm

and of the DSH-11 design. It was found that at high local-

ity levels, the store-behind requests form a pipeline. Thus

the rate of write operations that can be serviced is limited
by the slowest stage in the pipeline, i.e., the slowest sto-
rage device. It was also found that a bottleneck may be

developed at the lowest level when the block size of that

level is too large.

A better balanced system was obtained by increasing the
degree of parallelism in the lower storage levels and by
decreasing the block sizes used by these storage levels.
This system was then used as a basis to compare the perfor-
mance of the DSH-11l architecture under different technology
assumptions. It was found that using 1979 technologies, a
throughput of .7 million operations per second with mean
response time of 60 microseconds was obtainable for a mix of

storage references consisting of 70 percent read reaquests
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and 30 percent write requests. Using 1985 technologies, the

same storage reference mix produced a throughput of 4 mil-
lion operations per second with a mean response time of 10

microseconds.
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Section I

INTRODUCTION

The Intelligent Memory System (IMS) is a high perfor-
mance, nigh availability database computer structured as a
functional hierarchy interfacing with a storage nierarchy
(Figure 1.1). Concepts and research issues of the IMS Data
Base Computer are discussed in detail in (Lam and Madnick,
1979a). The approach of IMS is to decompose the information
management functions into a hierarchy of modules. Parallel
and pipeline operations are exploited to obtain high
throughput. A storage hierarchy is specifically designed to
support multiple processor and acts as a very large perme-

nant virtual storage for the functional hierarchy.

A design of the general structure of the IMS Data Storage
Hierarchy is described in (Lam and Madnick, 1979b). A sim-
plified design of the IMS Data Storage Hierarchy, referred
to as DSH-11, is described in (Lam and Madnick, 1979c).

Detail protocols for supporting the read-through and store-

behind operations in DSH-11 are also presented in (Lam and

Madnick, 1979c).
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This report is concerned with the performance of DSH-11,
Simulation studies have been carried out to answer some
basic questions about the performance of DSH-11l. It was
also hoped that these studies would provide some insights to

the read-through and store-behind algorithms.

In the following sections, the DSH-11 structure and its
algorithms will be briefly reviewed. Then a simulation
model of DSH-11 with one processor and three storage levels,
referred to as the PlL3 model, is described. Simulation
results obtained from this model are analyzed. Then another
simulation model of DSH-11 with five processors and four
storage -levels, referred to as the PS5L4 model, is developed.

This model is then used to assess the capabilities of DSH-11

under different technology assumptions.




Section II

THE DSH-11 STRUCTURE

A general structure of the IMS data storage hierarchy
from which DSH-11 is derived has been described in (Lam and
Madnick, 1979b). The structure of DSH-11l and the protocols

for supporting the read-through and store-behind operations

are described in (Lam and Madnick, 1979c). This section

briefly reviews materials presented in detail in (Lam and

Madnick, 1979b; Lam and Madnick, 1979c).

dol THE DSH-11 INTERFACE

DSH-11 supports a large number of processors. Each proces-

sor has its own instruction memory and uses DSH-1l1 as a very

large permenant virtual data memory. A processor directly

addresses DSH-11 via address mapping. This is illustrated

in Figure 2.1(a) and Figure 2.,1(b). If the addressed data

is not found in the highest storage level of DSH-11, a delay

similar to a page fault in virtual memory systems (Denning,

1979) will occur and the processor may switch to another

process while waiting for the data to be retrieved from a .
lower storage level., Thus, a processor may have several

reguests to DSH-11 pending and many recuests can be at vari-
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ous stages of completion in DSH-11 at one time. This high
degree of parallel operation in DSH-11 is a key determinant

of its high performance.

2e2 THE DSH-11 ARCHITECTURE

The DSH-11 architecture is illustrated in Figure 2.2, The
highest performance storage level, L(l) cénsists of the data
caches. Each data cache corresponds to a DSH-11l memory port
that connects to a processor., All the data caches share a
local bus, LBUS1l. There is a storage level controller, K1,
that serves as the communication gateway between L(l) and

lower storage levels.,

A typical storage level, L(i), for i greater than 1, con-
sists of a storage level controller, Ki, a memory request
processor, Ri, and a number of storage device modules, Dil,
ese , Dim. All these modules share a local bus, LBUSi. Ki
is the communication gateway between L(i) and other storage
levels., Ri maintains a directory of all the data in L(i).

Dij performs the actual storage and retrieval of data.

The global bus, GBUS, connects all the storage level con-~

trollers of the storage levels. All communications among

storage levels make use of the GBUS.
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2.3 DSH-11 ALGORITHMS

DSH-11 makes use of the read-through and two-~level-store-

behind data movement algorithms. A request to read a data
item is handled by a data cache. If the data item is found
in the data cache, it is retrieved and sent to the proces-
sor. If the data item is not in the data cache, the reguest
is passed down to lower storage levels, one by one. At each
storage level, the memory request processor searches its
directory to determine if the addressed data item is in that
level. When the addressed data item is found at a storage
level, a block of data containing the addressed data item is
broadcasted to all upper storage levels, Each upper storage
level then extracts a subblock from the broadcast that con-
tains the addressed data item. The subblock is stored in
the storage level. To accomodate an incoming block, an
existing block may have to be evicted from a storage level.
The way evicted blocks are handled is referred to as the

overflow handling strategy.

In a write operation, the data block to be updated is
first read into the data cache. After the data block is
updated, the data block is sent to the next lower storage
level which will update the larger block that contains the
data block. Thus, the effect of the update is propagated to

lower storage levels. The two-level-store-behind strategy

o ——




ensures that proper acknowledgements are obtained at a given
storage level that indicates an updated block has been pro-
pagated at least two storage levels down the hierarchy.
Thus, at least two copies of the updated data exists at all

times.




Section III

A SIMULATION MODEL OF DSH-11 : THE PlL3 MODEL

The P1L3 model of DSH-11l is a GPSS/360 model of a DSH-11
configuration with one processor and three storage levels.
It represents a basic structure from which extensions to
include more processors and storage levels can be made. The
structure of PIL3 is illustrated in Figure 3.1l(a). Each
module in Figure 3.1 (a) actually consists of four queues and
a facility (Figure 3.1(b)). The facility is referred to as
the reguest processor (RP). There are two input gqueues, one
for transactions with data (the XQ), and one for transac-
tions with messages (the IQ). The two corresponding output
Queues are named YQ and OQ respectively. The XQs and YQs
have limited capacity, since they are the data buffers. We
will assume that there is no limit on the lengths of the IQs
and the 0Qs. The following example illustrates the naming
conventions used in the model. The K2 storage level con-
troller actually consists of five components, KRP2, KIQ2,
KOQ2, KXQ2 and KYQ2. The current length of KXQ2 is denoted

as KXL2 and the maximum allowable length of KXQ2 is denoted
as Kxm2.

- 10 =
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3.1 AN ILLUSTRATION OF THE DSH-11 ALGORITHMS

A listing of the PlL3 model is presented in Appendix A,
To illustrate the model logic, the following is a brief des-
cription of the path followed by a read-through transaction.
A read request (TXN) is queued in KIQ3 (the input message
queue of the storage level controller at level 3). When
KRP3 is free, TXN is serviced and put in KOQ3. When LBUS3
is available, TXN is sent to RIQ3 (the input message queue
of the memory request processor at level 3) where it waits
for RRP3, the reguest processor. RRP3 then searches its
directory to obtain the real address for TXN. TXN is put
into ROQ3 to be sent to a storage device, say, D31. When
LBUS3 is free, TXN is sent to DIQ31l. TXN waits in DIQ31l
(the input message queue for device D31) for DRP31 to be
free and also for a slot in DYQ3l (the output data queue for
D31) to hold the retrieved data. When both conditions are
met, DRP3l retrieves the data and puts it in DYQ31l where it
waits for the LBUS3 to be free and for there to be a slot in
KXQ3 (the input data gqueue of the storage level controller
at level 3) to hold the data. When both conditions are met,
the data is sent to KXQ3. Then the data is put in KYQ3
waiting for the GBUS and for all the upper storage levels to
be free to receive the broadcast. When these conditions are
met, the data is broadcasted to all upper storage levels.,

At the highest storage level, the data is sent to the appro-
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- L3 =




priate data cache controller which forwards the data to the

CPU.

3.2 THE Pl1L3 MODEL PARAMETERS

The model is highly parametized. Parameters for the P1L3
model are chosen to reflect current (1979) processor and
storage technology. Two key parameters that characterize

the references made to DSH-11 are the locality level and the

proportion of read and write requests in the reference
stream. The locality level (P) is the condition probability
that a reference is satisfied at a given storage level given
that the reference is not satisfied in all upper storage
levels. Figure 3.2 summarizes all the model parameters.

The degree of multiprogramming is the maximum number of
requests that can be active at a CPU, The block sizes, bus
speeds, bus width and speeds of the devices are parametized.
For the PlL3 model, these parameters are chosen to reflect

current (1979) technology.




Section IV

SIMULATION RESULTS OF THE P1L3 MODEL

Three different locality levels are used for the PI1L3
model. The simulated time is one milisecond (one million
time units in the model). Some unusual phenomena are uncov-
ered during the analysis of these preliminary results. This
leads to more extensive simulation studies to obtain more
data points. A plausible theory is then proposed to explain
these phenomena. Detail traces of the model is used to ver-

ify :-he theory. The findings are discussed in the following

subsections.

4.1 PRELIMINARY STUDIES USING THE P1lL3 MODEL

A series of three simulation studies are carried out with
three locality levels : high (P=.85), medium (P=.5), and low
(P=.2). Throughputs, mean response times and utilizations

of the facilities are summarized in Figure 4.1.

Throughput in millions transactions per second are plot-
ted against the locality levels in Figure 4,2, From Figure
4.2, it seems that a throughput of .6 million transactions

ver second is the maximum that one could obtain with this

configuration.




Locality
Level (P)

Throughput
(per msec)

Mean
Response
Time (NSec)

Utilizations

CBUS __LBUST __ DATA CACHE _ LBUSZ __ D21

.20
.50

.85

285
548

598

64032
31324

6021

41 .07 .10 .63 .11
.50 .09 .19 .65 <17

.23 .05 .19 .26 .09

FIGURE 4,1
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Mean response time per transaction are plotted against
locality levels in Figure 4.3. This shows that a mean res-
ponse time of 5 micro seconds is obtainable at high locality
levels. Furthermore, as the locality level increases, there
will be even more references being satisfied in the high
performance storage levels, thus the mean response time will

decrease.

Utilizations of the various facilities are plotted
against locality levels in Figure 4.4, It can be seen from
these plots that at low locality levels, the slowest storage
level becomes a system bottleneck. At higher locality lev-
els, bus utilizations drop because most references are
satisfied by the data cache, DRPll, making the use of the

buses unnecessary except for store-behind operations.

At high locality levels, one would also expect the utili-
zation of the data cache, DRPll, to be very high. However,
this is not supported by the data. 1In fact, even though the
throughput at the P=.85 locality level is larger than that

at the P=.50 locality level, the DRP1l1l utilization actually

drops.

Examining the data more closely, another puzzle is dis-
covered. If you multiply throughput by the mean response

time divided by the maximum degree of multiprogramming, one




should obtain a number close to the simulated time
(1,000,000). For the P=.20 case, this number comes out to
be 915657, For the P=.50 case, this number comes out to be
858277. But for the P=,85 case, this number is only 180027.
It is suspected that either the data is wrong or there are

some unusual blocking phenomena in the éystem in the P=.85

case,

4,2 MORE EXTENSIVE STUDIES USING THE P1L3 MODEL

A second series of simulations was carried out to obtain
more data points by varying the locality levels. The

results of these simulations are presented in Figure 4.5.

Throughputs are plotted against locality levels in Figure

4.6. In general, as the locality level increases, through-

put also increases. A throughput of close to one million

transactions is obtainable at about P=,80 locality level.
However, after the P=.80 point, throughput drops sharply as
the locality level increases. This requires some explaina-

tion,

In Figure 4.7, mean response time is plotted against

locality levels. This shows that as locality level

increases, mean response time decreases. This plot does not

seem to provide insight as to why throughput decrease shar-

ply after the P=.80 locality level.
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Mean Utilizations
Locality Throughput Response
Level (P) (per msec) Time (NSec) CBUS LBUS1 DATA CACHE LBUS2 D21 LBUS3 D31
.20 286 64032 .42 .07 .10 .63 .11 .52 1.00
.30 320 56908 .42 .07 .12 .60 .12 .52 1.00 |
.40 456 39142 .45 .08 .16 .63 .15 .59 1.00 ‘
.50 548 31324 .50 .10 .20 .65 17 .62 1.00
.60 698 27114 51 .10 o3 .63 .19 .65 1.00
.65 758 22505 .51 .10 .26 * .62 .18 .68 1.00
.70 811 23317 .53 .10 27 .65 .20 .69 1.00
.80 947 16298 .50 .94 .31 +S7 .19 71 .99
.85 598 6021 .23 .52 .19 .26 .09 .35 .52 :
.90 581 3957 .16 © .04 17, .19 .06 .26 .42
.95 532 3986 .14 .03 .15 .16 .05 .21 .25
FIGURE 4.5
L
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4.3 A PLAUSIBLE THEORY OF OPERATION

One theory to explain the sharp drop in throughput at
very high locality levels is that at such high locality lev-
els, the rate of write operations being generated is very
high. Since a write will not proceed until DRP1ll is free
(to write the data), and DRPll's YQ has a buffer slot (for
holding the store-behind operation), the write operation may
hold up other transactions in their use of DRPll. Since the
utilization of DRPll is very low, the Blocking must be due
to the YQ being full often. Many store-behind transactions
closed togther will tend to make the YQ full often. These
blocking transactions will tend to hold up other transac-

tions hence resulting in low system throughput.

If the YQ is full often, it must be because transactions
in it cannot move on to the next facility fast enough. This
will happen if the bus LBUS1 is busy or the XQ buffer of K1
is full, or both. From the data, we see that all the bus
utilizations are very low, hence the blocking must be due to
the fact that the XQ buffer of K1 is full often. Proceeding
in this manner, one could argue that at high locality lev-
els, the rate of store-behind operations is very high, which
results in store-behind transactions being backed up from a
storage device. This backing up of store-behind operations

causes long gqueueing delays for other transactions as well,
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resulting in low system throughput. This blocking situation

also slows down the usage of DRPll as evident from its low

utilization.

We can now explain why the utilization of DRP1ll at the
P=,85 locality level is lower than that at the P=.508 local-
ity level. At P=.85, due to the store-behind transactions
being backed up, very few acknowledgements to the store-be-
hind transactions ever return to DRP1l. In the P=.50 case,
most acknowledgements to store-behind transactions return to
DRP1l. Thus, even though the number of reads and writes

handled by DRPll in the P=,50 case is lower than that han-

dled by the DRPI1 in the P=.85 case, there are many more

acknowledgements serviced by DRP1ll in the P=.50 case, hence

the corresponding utilization is higher.

There is no backing up of store~behind transactions in

the low locality levels because the rate at which they are
generated is low. Since the store~behind transactions are
separated from one another there is enough time for a device
to service a previous store-behind transaction before

another one comes along.
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4.4 VERIFICATION OF THEORY WITH DATA

The above theory seems to explain the phenomena well and
agrees well with the observed data. To verify the theory,
detailed model traces were examined to determine the status

of the system at the time of simulation termination.

It is found that for low locality levels, there is indeed
no backing up of the store-behind transactions. There is
only a backlog of requests to be processed by the lowest
storage level devices due to their large service times. For
high locality levels, starting from P=.85, store-behind
transactions begin to be backed up, from storage level 2.
However, the back up is due to a system deadlock situation
developed at storage level 2, and not due to the slower

speeds of the devices, as hypothesized above.

The deadlock at storage level 2 is illustrated in Figure
4.8. Assume that all the XQs and YQs are full: (1) A
store-behind transaction in DYQ2l is waiting for LBUS2 and a
KXQ2 buffer slot. LBUS2 is free but KXQ2 buffer is full.

(2) KXQ2 will not be cleared because KYQ2 is full. (3) KYQ2
cannot be cleared because both buffers of R2 are full. (4
and 5) These buffers cannot be cleared because DXQ21 and
DYQ2l are full. DYQ2l cannot be cleared because it is wait-
ing for KXQ2 to be cleared. Thus a deadlock is developed.

This deadlock causes the XQs and YQs in the upper storage
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levels to be gradually filled as more store-behind
transactions are generated. When YQ at DRP11 is full, the
system will be held up when the next write transaction

arrives.

It is interesting to note that this deadlock only occurs
at very high locality levels. This is because at high
locality levels, the rate of store-behind transactions gen- !
erated is very high., Comparing the P=.95 case and the P=.50 ;
case, even though the same number of store-behind transac-
tions are generated to lower storage levels in both cases,
the rate at which they are generated in the P=,95 case is 30
times that of the P=,50 case. Store-behind transactions
sparsely separated from one another give chance for the dev-
ice to service them, therefore avoiding a deadlock. This
deadlock situation is not too different from a traffic jam

at a Boston rotary during rush hour.

In retrospect, the causes of the deadlock are due to the
rate of store-behind transactions and due to the use of one
single buffer for data coming into a storage level as well

as for data going out of a storage level. The potential for

deadlock of using a common buffer was not discovered during

the design of DSH-11 due to the complex interactions of the '

various protocols for store-behind, read~through, and over-

flow handling operations.




Section V

3 DEADLOCK-FREE BUFFER MANAGEMENT SCHEMES

In DSH-11 there are five types of transactions supporting

the read-through and store-behind operations. These tran-

sactions are : read-through-reguest (RR), read-through-re-

1 sult (RT), overflow (OV), store-behind-reguest (SB), and
acknowledgment (AK). Each type of transaction is handled
differently. Furthermore, the same type of transaction is
handled differently depending on whether the transaction is
going into or out of a storage level. A potential deadlock
exists when different transactions share the same buffer and
their paths form a closed loop. We have seen an example of
such a deadlock in the PlL3 model where SB transactions com-
ing into a storage level and SB transactions going out of a

storage level form a closed loop. Other such potential

deadlocks have been discovered in the PI1L3 model. This sec-

tion is focused on developing deadlock~free buffer manage-

ment algorithms.

Potential deadlocks exist because different transaction

types share the same buffer and that the First Come First

Served strategy is used for allocating buffer slots. A sim-




S

ple strategy to avoid deadlock is not to allow buffer shar-

ing among different transaction types. No path crossing can
occur thus no loop can exist. Although this strategy is
easy to implement, it does not make efficient use of the
buffer space. Another strategy to avoid deadlock is to
allow buffer sharing, but to make use of more sophisticated
buffer allocation algorithms. One such algorithm is dis-

cussed below. f

Sl A DEADLOCK-FREE BUFFER ALLOCATION ALGORITHM

Two types of buffers are used at each storage level, the
IN buffers and the OUT buffers. Transactions coming into !
the storage level use the IN buffer and transactions going
out of the storage level use the OUT buffer. Transaction
coming into a storage level from a higher storage level are
the RR, SB, and OV transactions. Transactions coming into a
storage level from a lower storage level are the RT and AK
stransactions. Similarly, transactions going out of a sto-
rage level to the next lower storage level are the RR, SB,
and OV transactions. Transactions going out of a storage
level to a higher storage level are the RT and AK transac-
tions. Each component in a storage level has an IN buffer

and an OUT buffer. This is illustrated in Figure 5.1.
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The general idea of this new buffer allocation scheme is

not to allow the buffers to become completely filled.

the buffers are filled up to a certain level, only those

transactions that can be processed to completion and result-

ing in freeing up buffer slots are accepted. The precise

algorithm is as follows.

l.

The size of OUT is always greater than the size of

IN.

Always maintain at least one empty slot in an IN

buffer.

The buffer-full (BF) condition is raised when the

number of transactions in IN plus the number of

transactions in OUT is equal to the size of CUT.

If the BF condition exists, then do not accept any

RR or SB into a storage level. Only process 0V,

RT, and AK transactions.

We now provide an informal argument to show that the

scheme described above is indeed deadlock-free. First we

have to show that the RR and SB transactions are not the

only transactions in the system when all the buffer pairs

have their BF conditions raised.

When

Then we have to show that

processing each of the OV, AK and RT transactions will free

up some buffer slots thus lowering some BF conditions.
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Suppose that all the BF conditions are raised (i.e., all
buffers in a storage level are full). Examine the OUT buf-
fers of the lowest storage level. Since the size of OUT is
greater than that of IN, BF implies that there is at least
one transaction in OUT. Since this is the lowest storage
level, this transaction must be going to a higher storage

level, hence cannot be a RR or a SB transaction.
Consider a RT transaction at level i+l (Figure 5.2).

1. All upper storage levels, level i and level i-1
can receive this transaction since there is always
one empty slot in each IN buffer. The departure

; of the RT transaction creates an empty slot in the

OUT buffer of the sender, level i+l.

2. Level i can now send a transaction to level i+l
which creates a slot in level i. The RT transac-

tion can now be serviced in level 1.

3. Handling the RT transaction may create an OV tran-
saction in level i. The buffer slot freed up at

step 2 is available for the OV transaction in

level 1i.

4, The OV transaction can be sent to level i+l

because there is always a free slot in every IN

buffer.
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5. The OV transaction will be serviced to completion

in level i+l. Hence, there is a free slot in

level 1 as result of these operations.

6. Now a transaction from level i-1 can be sent to

level 1i.

7. The RT transaction can be handled in level i-1

which may create an OV transaction.
8. The OV transaction can be sent to level 1i.

9. Finally, the OV transaction is handled and termi-

nated in level 1i.

Thus, there is a free buffer slot created in level i-1 as

a result of processing the RT transaction.

Handling an AK transaction may generate another AK to be

sent to the immediate upper storage level. The same argu-

ment for the RT transaction can be applied to show that a

buffer slot will be freed up as a result of handling the AK

transaction.

It is clear from the above discussion that this buffer
management scheme requires more complex protocols among sto-

rage levels and a complex priority scheme for the transac-

tions. A key advantage of this scheme is that it makes
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efficient use of buffer space since different transactions

with varying buffer space requirements can be made to share

a common buffer pool.
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Section VI

ANOTHER SIMULATION MODEL OF DSH-11 : THE P5L4 MODEL

A GPSS/360 simulation model of another DSH-11 configura-
tion with five processors and four storage levels has been
developed. This model is referred to as the P5L4 model. 1In
this model the basic logic used in the P1L3 model was
revised to use a deadlock-free buffer management scheme and
to accomodate four additional functional hierarchy proces-
sors and an additional storage level. For simplicity, the
scheme of using separate buffers for different transactions

is used for the P5L4 model.

The first series of studies provides further insights to
the operation of the store-behind algorithms. It also shows
that level 4 storage and its local bus may be too slow to

support the amount of data transfer activities at that

level.

The second series of studies is aimed at obtaining a bet-
ter balanced system by increasing the degree of parallelism
in the lower storage levels and by reducing the block sizes
SO0 as to lower the demand on the buses. A well-balanced

system is obtained which is then used as the basic system to
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study the effect of using projected 1985 technologies for
DSH-11. Results of these studies and their analysis are
presented in the following sections, after a brief introduc-

tion to the P5L4 model and its parameters.

6.1 THE P5L4 MODEL AND ITS PARAMETERS

The structure of the P5L4 model is very similar to that
of the PlL3 model. However, the basic component of the
model is quite different. The basic component of the P5L4
model is a facility and a number of data buffers, one for
each type of transaction coming into the storage level and

going out of the storage level. Figure 6.1(a) illustrates

the DSH-11 configuration that P5L4 is modelling, and Figure

6.1(b) illustrates the basic component of the model. A flow

chart of the P5L4 model logic is presented in Appendix B. A

listing of the PS5L4 model is presented in Appendix C.

The parameters used in ths P5L4 model are the same as
those used in the P1L3 model with the following exceptions.
(1) There are five processors, each with 10 degrees of mul-
tiprogramming (as opposed to 20 in the P1L3 model). (2)
There is a new storage level with 2 storage devices having
access times 10 times higher than those of the devices in

level 3. The parameters used in the P5L4 model are summar-

ized in Figure 6.2.
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DEGREE OF MULTIPROGRAMMING OF A cpu = 10
10
DIRECTORY SEARCH TIME = 200 NANOSECONDS

SIZES OF DATA BUFFERS

READ/WRITE TIME OF A L(1) sTorAGE DEVICE = 100 ns.
READ/WRITE TIME OF A L(2) sTorRAGE DEVICE = 1000 ns.
READ/WRITE TIME OF A L(3) sToRAGE DEVICE = 10000 Ns.
READ/WRITE TIME OF A L(4) sToraGe DEvIcE = 100000 ns.

BUS SPEED = 10 MHzZ
BUS WIDTH = & BYTES
SIZE OF A TRANSACTION WITHOUT DATA = 8 BYTES

BLOCK SIZE AT L(1) = 8 BYTES

BLOCK SIZE AT L(2) = 128 BYTES
BLOCK SIZE AT L(3) = 1024 BYTES
BLOCK SIZE AT L(4) = 2048 BYTES

% READ REQUESTS = /0%
% WRITE REQUESTS = 307

CONDITIONAL PROB. OF FINDING DATA IN A LEVEL
GIVEN THAT THE DATA IS NOT IN ANY UPPER LEVEL = P

FIGURE 6.2
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62 PRELIMINARY STUDIES USING THE P5L4 MODEL

A preliminary study using the P5L4 model is carried out
using several different locality levels and using the param-
eters listed in Figure 6.2. The simulated time is one mil-
lisecond (one million model time units). Results from these
studies are summarized in Figure 6.3. Figure 6,3(a) is a
table listing the throughput, mean response time, total
transaction wait time, total transaction execution time, and
'system utilization'., System utilization is defined as the
ratio of the product of the total number of transactions
completed and the mean response time to the product of the
simulated time and the maximum number of active requests
pending at all the processors. It indicates the percentage

time that DSH-11 is busy.

Figure 6.3 (b) tabulates the utilizations of the buses and
the utilizations of typical storage devices at each storage
level. The utilizations of all the memory request proces-
sors and all the the storage levelucontrollers are very low
and are not shown. Figure 6.3 (b) ghows that the devices and
the local bus at level 4 are saturated for all locality lev-
els. The local bus at level 3 is saturated but the devices
at level 3 are only 50 percent utilized. Saturation of

level 4 at low locality levels is due to the large number of

read-through recquests that has to be handled at that level.

i 4D




Mean Total Total
Locality Throughput Response Wait Exec System
Level (P) (per msec) Time (Nsec) Time (msec) Time (msec) Utilization
.50 418 45805 17450 1690 .38
.60 600 35442 19910 1360 .43
.70 74 46664 32490 970 .67
.80 782 43570 32230 840 .68
.95 788 40148 31360 270 .63
FIGURE 6.3(a)
Bus Utilizations Storage Device Utilization
Locality i
Level (P) GBUS LBUS1 LBUS2 BLUS3 LBUS4 El L2 L3 L4
.50 .92 .06 .30 .99 .94 .02 X .46
.60 .91 .06 .31 .99 .94 .93 11 .46
.70 .91 .07 «32 .99 .94 .04 .13 .52
.80 .88 .0S .26 .99 .94 .04 .10 .44
.95 .84 .04 o | .99 .95 .04 .06 w1
FIGURE 6.3(b)
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For example, at a locality level of .5, 12.5 percent of all
read requests will be serviced by level 4. This creates a
heavy burden on the slow level 4 devices and on its bus. At
high locality levels, however, the number of read-through
requests directed to level 4 is rather small. For example,
at a locality level of .8, only .8 percent of all read
reguests are serviced by level 4, a 15-fold reduction from
the .5 locality case. The saturation of level 4 at high
locality levels is due to the store~behind requests. At
high locality levels, the rate of write regquests (as well as
read requests) are much higher, thus there is a high demand
on level 4 to service the corresponding store-behind
reguests. It seems that level 3 storage devices have the
capacity to handle the read~through and store-behind
requests at all locality levels. However, the local bus at
level 3 is saturated at all locality levels. The bus satu-
ration at level 3 is possibly due to the store-behind
requests. We shall discuss ways to eliminate these perfor-

mance bottlenecks in a later section.

Throughput data presented in Figure 6.3(a) is plotted as
a graph in Figure 6.4. Figure 6.4 shows that throughput

rises sharply starting from the .5 locality level, then its

follows a much slower rate of increase after the .7 locality

level. At a low locality level, throughput is low since a
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large proportion of the read regquests has to go to the
slower storage devices. As the locality level increases, a
large proportion of requests can be handled by the higher
storage levels. The higher storage levels are not heavily
utilized, thus they can complete the reguests gquickly. The
faster transactions can be completed, the faster new tran-
sactions can arrive since the model is a closed one. This
explains the sharp increase in throughput between .5 and .7

locality levels.

When the locality level is high, the rate of store-behind
transactions coming into the model becomes high. Since
there is a fixed proportion of reads and writes in the
reguest stream, the throughput at high locality levels
becomes limited by how fast the store-behind reqguests can be
serviced. Thus, at high locality levels, increasing the
locality level further will not produce a dramatic increase

in throughput.

The plot of mean response time in Figure 6.5 provides
further insights to the store-behind operations. Figure 6.5
shows that there is a discontinuity in the mean response
time curve between .6 and .7 locality levels., The discon-
tinuity may be explained as follows. As the locality level
increases, the rate of store-behind transactions coming into

the model also increases. Read operations become a less
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dominant factor of system performance. There is a pipeline
of buffer slots for store-behind transactions. A write
request is completed as soon as it has completed a write to
its data cache and has placed a store-behind transaction in
the store-behind pipeline. The store-behind transaction
flows along the pipeline until it is serviced and terminated
by a level 4 storage device. If a write reguest cannot find
a slot in the store-behind pipeline, it has to wait. At
high locality levels, the store-behind pipeline becomes
full, hence, write operations tend to incure a larger wait
time waiting for pipeline slots. It seems that the store-
behind pipeline is full after the .7 locality level, causing
long wait times by transactions, hence larger mean response
times for locality levels higher than .7. The store-behind
pipeline is not full for all locality levels below .7. Thus
transactions have smaller mean response time in these cases.

This expains the difference in behavior of the two mean res-

ponse time curves.

The data seems to support this theory. Outputs from the
simulation runs shows that the pipeline is full for all
locality levels greater than and egual to .7. The total
transaction time column 'in Figure 6.3 (a) shows that there is

a dramatic increase in the transaction wait time for all

cases with locality level above .7. The figure also shows
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that the transaction wait time is a dominant portion of the
total transaction time. Since mean response time is the
ratio of total transaction time to total number of completed
transactions, the more than doubling of the wait time going
from .6 to .7 locality level is the key factor in the sudden
increase in mean response time. The sudden increase in wait
time is due to the fact that the pipeline is just filled up,
new transactions begin to experience prolonged delays.

These preliminary studies have provided valuable insights to
the dynamics of the store-behind operation. We now have
gained enough understanding of the model to tune it for bet-

ter performance.

6.3 TUNING THE PS5L4 MODEL

Our objective in this next series of studies is to try to
obtain a well-balanced system. From the preliminary stu-~
dies, we know that to reduce mean response time we have to
increase the efficiency of the store-behind pipeline. One
approach to increase the efficiency of the pipeline is to
increase the parallelism of the lower storage levels, so

that the service times of the stages of the pipeline are

better balanced. The preliminary studies also reveal that

our initial choice of block sizes may not be appropriate for

the system.
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The approach that is taken to obtain a well-balanced sys-

tem is as follows. The locality level is fixed at .9. Then
the degree of parallelism in level 3 is increased by a fac-
tor of 5 and that of level 4 is increased by a factor of 10.
Although this would actually be done by increasing the num-
ber of devices in these levels, to take advantage of the

existing GPSS model, this is accomplished by decreasing the
effective service times of the existing devices at these

levels appropriately. Finally, the model is run for several

choices of block sizes for the storage levels. The results

obtained are summarized in Figure 6.6.

The first study uses the same block sizes as those used
in the preliminary studies. The results of this study are
summarized in column one which clearly shows that level 4 is
still the bottleneck causing the very low throughput and

high mean response time. Note that none of the storage dev-

ices, including level 4, are saturated. This indicates that

the bottleneck is caused by the block sizes being too large

thus tieing up the bus at level 4 during data transfer.

In the next study, the block sizes between level 2 and
level 3 and between level 3 and level 4 are reduced by one
half. The results of this study are summarized in column 2.
There is significant improvement in throughput and the uti-
lizations of level 4 storage devices, but the bus at level 4

is still a bottleneck.
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Mean Bus Utilization Storage Device UtilizatiQ
8lock Throughput Response
Sizes (per msec) Time (Nsec) GBUS LBUS1 LBUS2 LBUS3 LBUS4 L1 L2 L3 L4
(8,128,1024) 176 258580 .62 .02 .10 .67 1.00 .01 .03 128 .
(8,64,512) 458 96260 .67 .04 .15 W71 .99 .04 .07 .27 .40
(8,64,256) 721 60940 .77 .07 .26 .84 .99 .06 .11 .28 .83
FIGURE 6.6
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Next, the block size between level 3 and level 4 is

halved again. This produces a fairly well-balanced system.
The results are summarized in column 3. A throughput of .7

million operations per second with mean response time of 61

microseconds is obtained. The utilizations across storage

levels are fairly well-balanced.

6.4 COMPARING THE PERFORMANCE OF DSH-11 USING 1979 AND
1985 TECHNOLOGIES

The well-balanced system obtained from the previous stu-
dies will be used as a basis for comparing the performance
of DSH-11 under 1979 and 1985 technology assumptions. The
parameters used in the 1979 case are exactly those used in
the well-balanced system of the previous studies. For the
1985 case, we will assume a bus that is 5 times faster than
that used in the 1979 case. 1In general, the speeds of the
storage devices in the 1985 case will be faster. We esti-
mate that the level 1 storage devices will be twice as fast
in 1985 as in 1979. All other devices are estimated to be
10 times faster in 1985 than in 1979. Lastly, we expect
1985 to produce better associative processors for directory
searching thus the directory search time will be reduced by
one half in 1985. These estimates will bg incorproated in

the parameters for the 1985 case.
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The model using 1979 technology assumptions is run for 4
different request streams with different proportions of
reads and writes. The model using 1985 technology assump-
tions is then run with the same 4 different request streams.
A locality level of .9 was used in all these cases. The

results are summarized in Figure 6.7.

The throughputs for the two cases are plotted on the same
graph in Figure 6.8. In general, for both cases, throughput
increases as the proportion of read requests increases. It
can be inferred from the results that the throughput of
DSH-11 using 1985 technology is between 5 to 10 times better
than using 1979 technology. For a regquest stream with 70
percent read requests and 30 percent write regquests, DSH-11
using 1979 technology can support a throughput of .7 million
requests per second with a mean response time of 61 microse-
conds. For the same mix of reguests, DSH~11l using 1985
technology can support a throughput of 4 million requests

per second with a mean response time of 19 microseconds.
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Mean e : Storgge :
% Read Throughput Response Bus Utilizations Utilizations
(per msec) Time (Nsec) [GBUS [LBUSI | LBUS2 | LBUS3 | LBUS4 | LI |L2 L3 | L3
.50 450 97580 .76 .06 .25 .84 .99 .04 .10 |.25 |.67
.70 721 60940 Wi .07 .26 .84 .99 06 {.11 |.28 |.65
.80 1559 26790 .85 | .10 .34 .91 .97 .11 |.18 1.34 |.71
.90 3239 13440 .90 | .14 .42 .93 .97 .23 |.28 |.35 |.83
(1979 Technology)
- Bus Utilizations 3:g§:§:tions
% Read Throughput Response =
(per msec) Time (Nsec) GBUS | LBUS1 | LBUS2 | LBUS3 | LBUS4 L1 L2 L3 L4
.50 2298 19780 .76 .06 .24 .82 .99 13} <08} 27] 35
.70 4320 9940 .79 .07 .28 .86 .98 .20( .06( .28/ .34
.80 15040 2640 .96 .15 .47 .97 .92 .64 .14 .38| .28
.90 22760 1760 98 .16 .47 .96 .91 .99 .17) .27| .34

(1985 Technology)

FIGURE 6.7
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- 55 =




Section VII

SUMMARY

Two simulation models of the DSH-11 storage hierarchy
system have been developed and used to understand the per-
formance characteristics of DSH-11 and its algorithms. The
first model is developed for a DSH-11 configuration with one
processor and three storage levels. Results from this model
uncovers an unsuspected deadlock potential in the DSH-11
buffer management scheme. This leads to the development of
new buffer management schemes for DSH-11l. A second model is
developed for a DSH-11 configuration with five processors
and four storage levels. This model makes use of a dead-
lock-free buffer management scheme. Results from this model
provides insights to the performance implications of the
read-through and store-behind algorithms. After sufficient
unde;standing of the model is obtained, the model is tuned
for better performance. The resulting system is then used
as a basis for comparing the performance implication of

using different technology for DSH-11,.

Results from these simulation studies not only provide

valuable insights to the important dynamic behavior of




store-behind and read-through algorithms, they also provide

indications that the DSH-11 is capable of supporting the

menory reguirements of the IMS functional hierarchy.

-« 87 =




REFERENCES

(Denning, 1978): Denning, P.J., 'Virtual Memory', ACM
Computing Surveys, 2, 3 (September 1970), 153-190.

(Lam and Madnick, 1979a): Lam, C.Y., and Madnick, S.E.,
'Technical Report No. l: The Intelligent Memory System

Architecture - Research Directions', M.I.T. Sloan School
Internal Report No. M@10-~7908-01, August 1979.

(Lam and Madnick, 1979b): Lam, C.Y., and Madnick, S.E.,
'Technical Report No. 2: The IMS Data Storage Hierarchy -

DSH-1', M.I.T. Sloan School Internal Report No.
M@19-7908-02, August 1979.

(Lam and Madnick, 1979¢}: Lam, C.¥., and Madnick, S.E.,
'Technical Report No. 3: The IMS Data Storage Hierarchy -
DSH-11', M.I.T. Sloan School Internal Report No.
M@1l0-7998-83, August 1979.

- 88

Al




Appendix A

LISTING OF THE P1L3 MODEL
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PILE: GPSS1 vs1J0B DI CONVERSATIONAL MONITOR SYSTEA

//LABY JCU LAM, WPROFILE=*RETURN',

// PRCFILE='HIGH',

// T1mE=2

//¢PASSRCRD

//G PSS PRCC

//C  EXEC DPG¥=DAGO1,TINZ=2

//STEPLIB DD DSH=FCTLUCK.LIDRARY.GP2SS.LOAD,DISP=SHR
//DOUTPUT DD SYSOUT=PLCLFILE=RETURY,DC3=3LKSIZE=931

//DINTERQ DD UNIT=SCHATCH,SP2aCE=(CYL, (1,1)) ,DCC=BLKSIZE=1880
//DSYETAB DD UNIT=SCRATCH,S2ACE=(CYL, (1,1)),DCB=BLXSIZE=7112
//DREPTGEN DD UNIT=SCZATCH,SFACE=(CYL, (1,1)),DC3=3LKSIZE=8C0
//DINTRCRK DD UNIT=SCRATCH,SPACE=(CYL, (1,1)),DCB=BLKSIZE=2680
// PEND

//STEP! EXIC GPSS,PARN=C

//OIN2UT1 DD ¢
$0808 3002 EIREEPTIAINIEEISEETTERSEBUEERERRENERIE BRI SEETESENISE

- L ]
¢ TRANSACTION PARAMETER USAGE L4
] *
L P11 CPU IDENTIFIS .
. P2 ARPIVAL TINZ .
¢ Pl CONPLETION TIME L4
. P4 TOTAL EXECUTICYN TIME *
L4 PS TOTAL ELAPSED TIUE .
¢ P6 TOTAL WALT TINZ *
L P7 SERVICE TINE L 5
L4 P11 DU3NY *
¢ ]
S S LS E PSS LSS C LR SSEAENSEIF I ACE LR R VLS EIFESSELEESLES LRI
]

NTXN EQU 01,x NUMBER OF TXNS PROCESSED

SOMNX EQU 02,x EXECUTICN TINE OP ALL TXNS

sarQ IoQu 03,x QUEUE TIME OF ALL TXNS

soaw EQ0 04,x ELAPSED TINME OP ALL TXNS
L]

AAINP EQU 05,X DEGREE CP CPU “OULTIPLROGRANMING
RREAD EQU 06, PARTS IN THOUSAND OF RZAD TXNS
NWPIT EQU 07,12 PARTS IN THOUSAND OF WRITE TXNS

L]

PINT EQU 08,x PRCB OP FINDING READ DATA IN L (V)
PIN2 EQU 09,x PROB OF PINDING PEAD DATA IN L(2)
PIN] EQU 10,Xx PROD OP FINDING READ DATA IN L (3)

L]

POVY E=QU 11,x PROB OF OVERFLOW FRCY L (1)

POY2 EQU 12,X PRCD OP OVERPLOW F2CY L (2)

POV EQU 13,x PROB OF OVERFLOW FROZ L (3)
]
C0008US340EENEEEESSEEEE0ETEICICUPISETEESSEEUSETESERETERRETEINBOSES
b SAXINUM DATA CQUEUZ LEINGTHS .
V9SPSR E RIS EIIE SN A CEENSIPECPSNSUSUSITERNEE S SS SRS CERERTERS
®

DXH11 EQU 14,x

pYA11 EQO 15,x

pxXmt2 EQU 16,X

DYN12 EQU 17.,x




PILE: GPpssS1 yswos D2 CONVERSATIONAL MONITOR SYSTZY

DXN13 EQU 18,X

DY N1l EQU 19, X
]

DXM21 EQU 20,X
DYE21 EQU 21,X

DXM22 EQU 22,X

DY N22 EQU 23,
‘ .

pIu31 QU 24,X
DYX31 EQU 25,X
DXn32 EQU 26,X
" DYN32 EQU 27,k
L ]

KX¥1 EQU 28,X
KYMY' EQU 29,X
L

KX¥2 EQU 30,X

KY®2 EQU 31,x
[

KIN3 EQO 32,x
KYN3 EQU 33,x ¢
. .
RXNM2 EQU 34,

RYHN2 EQU 35,X
*

RXN3 EQU 36,X

RYN3 EQU 37,
*
SEE OB REEH ST ELEBEEEA T SC AN SRR IL AR AT U PSS SSRIRTEESRSISEE LTS EEREEES
. CUPPEBUT LENGTHS OP DATX QUEUES .
SEE ST RUSEENIEIFFTEE PSRN LGRS RSB SERB ST ERE S LEEUANE TSI BEER
L ]

DXL11 EQU 38,X

DYL11 ZQU 39,
DXL12 EQU 49,x
DYL12 EQU 41,x

DXL13 EQU 42,X
DYL13 2QU 43,X
[

DXL21 EQU 44,X

DYL21 BQU 4s,Xx
DXL22 EQU 46,X

DYL22 EQC 47,X
®

DXL31 EQU 48,X

DYL31 EQ0 49,Xx

DXL32 BQU 50,X
DYL32 EQU 51,X
[

KXL1 EQU 52,X

XTL! EQO 53,X
L ]

KIL2 EQU S4,X

KYL2 EQO 55,X
]




PILE: GPSS1 vs1Jos D3 CONVERSATIONAL MONITOR SYSTEM
KXL3 EQU 56,X

KIL3 EQU 57,X

BXL2 EQO 58,X

RYL2 EQU 59,.X
]

RXL3 EQU 60,X

RYL3 EQU 61,1
]
SEESE SE T LU RN EE SR E U B EE S EFUIBIPEP LR UT LSS EET S SCH S LSS ERBSE98S
¢ SERVICE TIANZS OF DEVICZS, BUSES, PECCESSCRS *
SESEE AP EF TSR G EF R E A S AV EE TSN C IV I AP VISR ST SN AR EE FEEE R EE SRR RSB B 68
DEX11 EQU 62,X L (1) STORAGE SERVICE TIM

DEX12 200 63,X

DEX 13 EQO 64,X !

DEX21 EQU 65,X L(2) STOKAGZ SERVICE TINES

DEX22 EQU 66,X

DEX31 EQU 67,X L(3) STORAGE SERVICE TINES

DEX32 EQU 68,X

BEXD1 EQU 69,X 80S SETRV TIXE L(1)

BEXD2 EQU 7C . X BUS SERV. TIUE L(Q)

BXD3 E=QU P ¢ BUS -SEeV, TINE L(3)

BEXM EQU 72,X BUS SZRV. TIXZ FOR 4s6

KEX EQU 73,.,X LEVEL CONTROLLZE (X) SSRYICEZ 7142
PEX EQU 74,X MEMORY REQUEST PROCESSOR (R) SERVICE TIXE
TINER EQU 75.X
CESLEEEIVELESECRE IS ELCE S EBESENR ST LA+ SRR ESRISCUBBE0S S0 S8R
* &
€ VARAIBLE DEFINITIONS *
£ L]

SEES0PBES S EE ST ARSI TR ISETCE TN GEEUITHENEXET R F LT S LEET SO S ESEE RS

BRESP FVARIABLE (X3SSUMW/XSNTXN) . MEAY RESPCONSE TINZ
TXNW VARIABLZ Pa=92 TXN ELA?SED TIME
TXXQ VARIABLE Pl-p2-24 TXN WAIT TIAE

TXHX VASIABLD P&

RTOK BVARIADLE (X3XXLY'LOXSKXM1)*(XSKXL2'L'XSKXM2)*PNUSCBUS
BYA1 DVAPIABLE (XSDYLT1'L'X3DYNTV) =FNUSDR21

BYA2 BVARIABLT (X3XKAL1'L'X3KX¥1)*2NU3L3UST

BYA3 BVARIABLT (X30YL21'L'X3DYNM21) «7Ni3DEP2

BV A21 BVARIASLL (X&DYL22'L'X5DYM22) #2415D08022 .
BYA4 BVARIASLE (ZIXXL2'L'XJSKXNMD) *PNUSLIUSE

BVAS BVARIABLE (XSKYL2'L'A3KYM2)wFNUSLRD2

BYA6 SVASIABLE (XSKAXLT'L'KSKXM1)*7NTSGBUS

BVA7? BVARIABLE (X3DXL11'L'X3DXM11)*F USL3USY

BVAS8 DOVAFRIADLE (X3DYL31'L'K3DYu31) «7NuspR2dn

BVA22 BVAPIADLE (X3DYL32'L'X5DYN32)¢FNU3DZ232

BVAY9 BVARIABLE (X3IXXL3'L'X3X&M3)*740U3L20S3

BYAI0 BVARIABLE (XSXYL3'L':3KYNM3)®FPNUSKID]

BYAIY BVARIABLE (XSFXL2'L'X3PXM2)*PNU3L3032

BYAY2 BVARIADLZ (X3TYL2'L'X3RYM2)*?NUSRRP2

BVA13 DVARIADLE (X3DXL21'L'X30XN21)#FNUSL3US2

o¥A23 BVARIABLE (X30XL22'L'X3DXN22) *PNUSLBUS2

PHIS PAG: L5 sasT quanrry

TFROR 3U: 1 PunmisHAD 0 DDQ




-

PILE: GPSSHY ¥s1wos D¢

BVA14 DVARIABLE (XSXYLI1'L'XSKYN1) *PNUSKXKP1
BVA1S BVARIABLE (X3KXL2'L'X3XXM2)*FNUSG3US
BVA16 BVARIADLE (X3XXL3'L'XS%XM3)®FNU3GBUS
BVA17 BVARIADLE (X3PAL3'L'X32(M3)*7NUSLBUSI
BVA13 BVARIAULE (XSFYL3'L'X3LYIM3)*2NU3RRP)
BVA19 DVAARIABLE (X3DXL31'L*X3DXM31)*FNUSL3US3
BVA24 BVARIABLE (X3DXL32°'L'X3DX¥32) *2NJSLBUS3
BVA20 BVARIASLE (XSKYL1'L'X3KYM1)sPXUSKRP1

S00SSEUSSEISSEE IS8040V STLES LBV ESREBESSSET SXEL IS ETESSSSETES S

* L ]
¢ QTABLE DEPINITIONS - DISTRIBUTICNS OP QUZUE LENGTHS -
L - L4

(AR R AL R R IR RS R AR A R R RS R R R R 2 222 S0 R 2 AL )

I ZAL L T AR RI A A SRR A AR A TR A 2 R R R R R LA R R AR it ddd

. =
¢ PUNCTION DESPIWITIONS s
. L]

C00 ¢S 0ESES VT ESTE PSS SIS EEISETRT NI ER ISP BOES ISR SSET e SESESSESS TR

WICHWV FUNCTION P1,03
2,08W 11 /3, WHW12/4,WWW 13

VICHA PUNCTION P1,03
2,AAA1/3,AAA12/74,AAA13

S90S LS U P EES S LV S E NV LSS ESE LB EAS PN VLSS SSEESE NS RTEFREEEEE R

* -
¢ TABLE DBPINITIONS - DISTRIBUTIONS OP TXN ELAPSED TINE, .
. VAIT TINE .
L L

S48 LS E L P LB LI EPNE NP ASRRUT S ET VN ENE RN NS E CEP R EEECHEE L ST EEEREEE X R

TINN TABLE v$TXNW, 100,100,1C0
TXNO TABLE vSTXNQ, 100, 100, 100
TXNI TABLE VSTXNX, 100,100,100

SIS SIE IS ETN ST EEE IV XN SN CENN ISP E IRV EEEFC IV SE TR LU T EEE RS S S

] .

® JINITIALIZE CONSTANTS *

] *

S ESPE LR REELE LA L S AR XL L E AL L RN ES S RSP E NS ELE SR E LS LS ESELEITARAETES S
IRITIAL XS NAXMP,20 DEGREE CP MULTIPKOGRANMNING OF A CPU
INITIAL XSNREAD,700 % READ TXN
IKITIAL X3NWEIT, 300 % WRITE TXN
INITIAL XSPINT,4G0 ?2CB OF FINDING PZAD DATA IN L (1)
INITIAL X3P2IN2,400 PRCB C? NCT IN L(1) AND IN L(2)
INITIAL X$21IN3,1000 PRCB CP PINDING DATA IN L(3)
INITIAL X32Cv1,509 P03 OF COVERFLOW PECY L(V)
INITIAL X3pPCv2,500 PRCB CP CVERPLOW PRCM L(2)
INITIAL I$DX811,10 SAXINUM DATA QUEUEB LENGTH

@IS PAGE 1S BEST QUALITY PRACTICABLE

FROM Cur Y PJARLILHED TO DDC

- G -
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PILB: GPSS1 vs1JoB DS CONVERSATIONAL MONITCR SYSTEXN

INITIAL X$DYN11,10
INITIAL X30x%12,10
INITIAL X30Y#%12,10
INITIAL X30x413,10
INITIAL X$0Y%13,10
INITIAL X30%821,10
INITIAL xspyx21,10
INITIAL X50X422,10
INITIAL X$0Yn22,19
INITIAL X5DX 831,10
INITIAL XSCY%31,10
INITIAL X50x%32,1Q
INITIAL X30Y432,10
INITIAL X3Kx%1,10

INITIAL XZKYM1,10
INITIAL X3KX®2,10
INITIAL X3KY¥%2,10

INITIAL XBKX%3,10

INITIAL XSKY%3,10

INITIAL X3RxM2,10

INITIAL XsaYm2,10

INITIAL X33x43,10

INITIAL X52Y43,10

INITIAL X30Ex 11,100 ACCESS TIME OF D11 IN NANOSEC
INITTAL X50£X12,100

INITIAL X32rx13,100 =
INITIAL X&8DLx21,1200 ACC2SS TINE OP D21 IN XANOSZC
INITIAL X302X22,1083

INITIAL X307X31,10C09 ACCESS TINE OP D31 IN NANOSEC
INITIAL X3DF%32,16C000

INITIAL X538x01, 100 BUS SERV. TIME IN NANOSEC

INITIAL X332XD2,1600

INITIAL x3ocoxy, 1C0

INITIAL L3KzX,100 L(I) CONTR. P, SEEV. TINT IN NAXNCS
INITIAL XI3EX,200 REQ. P, SERVICZ TINZ IN NANOS
INITIAL XSTINZR,10C0C00 SINULATION TINE

(AL TS AL AT AR AL R RL R R 2 L 22 ]

L ] & +
® HACRO -UTX *
@ .

S353 8003 ¢SS LSS EES RIS ESETEESSRER

oTX STARTMACRO

SEIZE A
DEPART [ ]:]
ASSIGN 4e,8C
ASSIGN 7,3C

ADVANCE P7
RELEASE A
ENDNACEO

S80S S¢840 42 9SSR USS eSSt NES

THLS PAGE LS BasT QUALITY PRACTLCABLE
FROR QUrY PUABLLHED TO DDC

sl
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MACRO = UQTQ

L R 3 R J

L
L]
L
SOEIECEC LS R EUL TS IR EHEANG IR IS SRS

UQTQ STARTMACRO

QuUEUZ A
SEIZE ¢8
DEPART L2
ASSIGN 4e ,8D
ASSIGY - 7,8¢D

ADVANCE P7
RELEASE t3

Quzuz tC

ENDMACRO
T R P P T P TR PR T T T
. .
¢ MACRO - UQT L]
] *

PRSP LIS I RIS CEEIEEE RS

0QT STARTNACRO

QUEUZS $A
SE1ZE 3
DEPART A
ASSIGN 4+, 8C
ASSIGN 7.¢C

ADVANCE ?7
RELEAST $B

ENDIACRO
B PP T DT P r upppas
. .
¢ NACRO - UQDQ ¥
. .

S PEEL ST E XSS EERAEB UL EEEEREEEER

0QDO STASTNACRO

QUEnE A
TEST B $G,1
SAVEVALUE ¢D,1
SCIZE $E
DEPART ¢A
SAVEVALUE ¢3,)
ASSIGN 4s, 07
ASSIGY 7,%P

ADVANCE P7
KELEASE 2]
QUEUE ¢C
ENDNACRO

SSSST S EEL NP IPEIRURET EE T
L L]

CONVERSATIONAL MONITOR SYSTBN
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¢ MACRO - UQD L
L L

S90S XL T LSS EBEBESE RN

oQD STARTNACRO

QUEUE $A

TEST E $G,1

SAVEVALUE ¢D,1

SEIZE ¢=

DE?ART $A

SAVEVALUE #B,1

ASSIGN 4+, 3P

ASSIGH T,8?7

ADVANCE P?

RELEASE ¢E

ENDEACRO
SV ESESEABEEEEEINSELHEL SRS VR RS
* *
L BACRO - PINI *
* .

(A2 IR R R R AR R SRS RE SRR RS R R R 21

PINI STARTHMACRO

HARK 3

SAVEVALUE NTXN+,1
SAVEVALOE SU4Xe,VSTXNX
SAVEVALUE SUNQ+,Y3TXHQ
SAVEVALUZ SUMWe,VSTXNW

SAVEVALUE MEESP,VSMRES?
TABULATE TXNW
TABULATE TXNQ
TABOLATE TXNX

ASSIGN 1,0

ASSIGN 2,0
< «.- .<ASSIGN 3,0

ASSIGN 4,0

ASSIGH 5,0

ASSIGN 6,0

ENDBACRO

SINULATE
CS8 800S4 ULESLEELEIEEREIERNIRINS
. L]
¢ CPU #1 .
* L]

SEOER ST UL EECEE S EESRERE RSN R kISP BES

CPU1 GENERATE ro e XSHAYNP,, P
[ AAA R AL AL AR S AR AR R AL AT L)

¢ START PCR CPU1 TXNS .
COLLT TP UET EEUN SN S TUSE SN

STABRV PRIORITY 9

HARK 2
ASSIGN 1,1
DHLIS Vaus 4o oeui wunaLllY rivael ALt lal

FROR O0PY BUARLSHED TU D0 -

SET HIGH PRIORIT
ARRIVAL TINZ O2 TXN
SET CPU ID = 1

CONVERSATIONAL XONITOR SYSTEXN
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CONVERSATIONAL ¥ONITCR SYSTEXN

Ti;NS!ER <XSNREZAD,NWW1,RER1 READ OR WRITE TXN?

[ YIR TR AL SRR RS R AL 22T

® RBAD TXN ?FEOM C2U} »
FEEEBIBEFE T ET RS IS RS LSS So W

RRRY OQUEUE DIQM?
SEIZE DRP11
DEPART pIQ?
PRIORITY 0
ASSIGH 4¢,XSREX
ASSIGN 7,%SREX

ADVANCE P7
RELEASE DRP11

TRANSFER «X32IN1,

SSE SR EERS LS LS Y EX LKA SR AR

® READ TXN FRON C2U1 L
¢ IS SKTISFIED IN L(1) *
CEEEEFE RS LR T ENE SR A LTSN ER

IND11 ASSIGN 11,0

SEELLEEE LR L SE XSS E AT NSES

& READ DATA F303 D1} .
EEECE R EELEECERERETERRE €KX Q

READ TXN

RESET PRIORITY
TINE POR DIRECTORY SEARCH

NIN11,IND11 IS DATA IN L(N)?

uQT HMACRO DIQ11,DRP11,XSDEX11

SEESEENE ST SN LSRR eSO
® USE PINI MACRD *

€« THE TXN IS COMPLETED ¢
LIS T RIS SR LR S22 2 2 2

PINI MACKO

TRANSPER ,STAR1
SEE L AP I SESCAEES RS S EE RS
* PEAD TXY FROM C2VU1 IS ¢
& HOT SATISFIZD IN L(1) =
SEESEERBASEE S U ER S SR AR SO

NIN11 QUEUE DOQ11

CESAR AT ER T E AT SR RE G ER RGN
¢ USE UTX TC USZ *

THE TXIN BECOHMES A NEW TXN

* THE LCCAL BUS LBUS!H *
SES RS EEGEE g BEFEREERER
UTX  HACRO LBOSY,DOQY1, XSBEXY
TRAKSFER  ,CO¥R GO TO COMNON CODE FOR READ
SPSPS RS LS LR EE SR SR LSRR ER NS
¢ WPITE TXN PROM CPU1  «
P00 82 3892082888 BSRENRS
¥¥N1 QUEUE pIQMN
TEST E BVSBVA1,1 D11 OUT CUEUE AND DRP PREE?
SAVEVALUE DYL11+,1 SAVE SPACE IN OUT Q
SBIZE DRP 11
PRIORITY O RESET PRIORITY
DEPART DIQ11




PILE: GPSS1 vs1gos 04
ASSIGN 4+ ,XSDEX 11
ASSIGN 7,43DEX 1
ADVANCE 27
RELEASE DR2 11
SPLIT 1,5T31

CETEEE RN EERCEUEUEU R ERT IR
* KRITE TXN IS COMPLETED®
SEEEE UL ALET UL LSS S ¥N

FINI HACRO

TRANSPER +STAR1

FERRE PR AR EE <R SR ES B S 88

® STORE-BEHIND TXM .

REFEX FEL EX XSSV ESETERENED

STB1 QUEUR 2YQ11
TEST E 3V$SBVA2,1
SAVEVALUE KXXL1+,1

S EL LR ER SR A AR TARASER
® USE LDBUSY TO SEND TXN &

SEULEIE LR EE NS EEXRSERTRS
¢ CouxCX COCE fFOR .
& READ TO LCWER LEVZLS =

¢ JOINED BY ALL C?US *
S E S EEE LTRSS ERE IR

COMR ASSIGY 11,0
CEBEL L HAENEKARFEEE S SR AL
® st K1 «
(22 A T RS A E R R R AR R R L

UQTO MACRO
BT IC AP RS AR AR KL Euv g N
® USE GLO3AL BUS G3US *
SERXEESRFE IR ARG O TN

oTx MACRO
SESTESETERE L SAEL EET R QI
¢ USE K2 *
SREBE VLR EXERBEEBEERERER RS

UQTO MACRO
SRR RISLEENEUREE SR EAN

¢ (OSE LOCAL BUS 1Bns2 -
PSSP RSN IEUEERNE SRR SR

oTX BACRO
SEFREEEI N LT ESEREEEES RS
* OUSE R2 TO SEE IF DATA =
* IS IN L(2) x
SEEESISESESIUIUREARESS S 8S

.UQT  BACRO BIQ2,RRP2, XSREX

GBUS,KCQ1,XS$BEXN

L3US2,XKCQ2, X$BEXN

CONVERSATIONAL MONITOR SYSTEN

TIEE POR WRITING DATA

CREATE A STORE-BEHIND TXN

BECCHMES A NEW TXN PROM CPU1

POT TXN IN DATA QUEUE

K1 IN-Q AND LBUS1 PRZZ
RESERVE SPACE IN IN-Q

RELEASE SPACZ IN D11
TO COMMON CCDE FOR WRITE

* FPOM D11 TO K1 =
SEEEE VST EXLFEXETLAE RS NS
UTX MACFO 13051,07Q11,X3SBEXD
SAVEVALUE DYL11-,1
TRANSPER Pofeh |

DOMMY STATEMENT

RIQ1,KiP1,K0Q1,XSK2X

KIQ2,Ka22,K0Q2,XSKEX




FILE: GPSS!t vs1Jos Dio

TRANSPER . XSPIN2,NIN2,INL2

SRESEEE VLS ILERECEERLEEES

¢ DATA IS NOT POUND IN =
* L(2) L]

SO SEILELBE IS ABESEE XS XS

NIN2 QUBUE ROQ2
SEEE TR I ER UL ARG R G R RS
¢ OSE LBUS2 SEND TXN TO
* K2 *
SAEEELELXELEN SR AT SRR AL &R
oTX MACPRO LBUS2,R80Q2,X38EXH
SECE AT C P AN S AU EE X R EECESS

¢ SERVICED 3Y X2 .
SEEEFERE TR UGN ER R EE K

uiT? MACRO KIQ2,K?P2,K0Q2,X3
SESEL L XXX L EESE TR XX T LI BN E
® USE GBUS SEND TXN TO
* K3 *
SEEAFCURREF RN SR U SR EREC AN

oTX MACPO GBUS,KCQ2, XSDEXY
L T T T

® SERVICED 3Y X3 *
SSS SRS SRS XS LR LR EBR AR X
UQTO MACPO KIQ3,KR?3,K0Q3,XS$S
SESEFP FELET L EE NS LS IS RS &R
® USE LBUS3 SEND TXN TO
¢ R3] .
PESEE L AR SR I RN TR R R &
oTX MACRO LNUS3,K0Q3,XSBEXN
SESESFESXEXFLASER AR ER T EKE
® SEARCH DIRECTCRY IN .

® R3 FOR DATA .
S5 SRS HAVSEHEIRREER R IR

.

QT MACPO RIQ3,RRPI,XSREX

TPANSPER  ,INL3
ST SEEEEE LS L SN KL S S AN USEE R PEER RS
€ DATA IS FOUND IN L(2), READ THE ¢
® DATA AND SEND IT 02 TO L (1) -

SRER S VLN LA S ECEAES IR LV TSRS GE ISR IR SRS

INL2 OQU2UE ROQ2

SR AEREEI R RS EEESETRES RS
& SEND TXN TO DEVICE *
® VIA LDUS2

CEEET LA TEL LRSS EREERRR N

UTX AACRO L3US2,R0Q2,X33EXY

SRS ESILE L UB S S SR A RAEAT UARRER S

® IS DATA IN D11 C2 D12? *
LI LT e L P P

CONVERSATIONAL MONITOR SYSTEN

IS DATA IN L(2)?

KEX

KEX

DATA IS IN L(3)

69




PILE: GPSS1 Vs1J08 DIl

TRANSFER «5,RRR21,RRR22

CONVERSATIONAL MONITOR SYSTEX

PEEESESEICEEXCE SR ERE S

¢ DATA IS IN DV *
SEEBL SR ECIEFEERERKE S

RRR21 QUEUER DIQ21 QUEUZ TO RZITRIZVE DATA
TEST E BVIOVA3, D21 CUT=-Q AND DRP21 FREE?
SAVEVALOE DYL21+,1 SAVE SPACZ IN D21 QUT=Q

SR EFRE T I E R AR E R AR KN
% USE D21 TO RETRIEVE .

& THE DATA *
AL R RIE AR R PR ISR Y U]
[ b ¢ ¥ACRO CR221,DIQ21,X3DEX21 RETRIESVE THE DATA
QUEUE DYQ21 PUT DATA IN SLOT
TEST & BVYSBVA4,1 K2 IN-Q AND L3US2 FRIE?
SAVEVALUE KXL2+,1 RESERVE K2 IN=-Q SLOT

EEPEEEXE R ET I AN R AN N R KRG XY
® OSE LBUS2 SZND DATA TO =

s K2 *
SEEUS IR ETAAEUNCCIESARESE
UTIX HACRO L8Us2,D0YQ21,X$SBEXDI
SAVEVALUE DYL2V-,) RELEASZ SLOT IN D21 OUT-QUEVE
TRANSFZR G REEZ TO CODE POR READ-THERCUGH PROM L (2)

$82ES TS FESEE SRS U

® DATA IS IN D22 .
S35 SS 08 SSTVEEEI SR TR S

RRB22 QUZU2 DIQ22
TEST B BV32VA21,1
-+ SAMEVALUZ DYL22+,1
0TX ¥ACRO DRP22,DIQ22,X3DEX22
QUCUE DYQ22
TEST E BY33VA4, 1

SAVEVALUE KXL2+,1
oTX MACRO LBUS2,DYQ22,X3BSXD1

SAVEVALUE DYL22-,1
TRANSPER +RTF2

CEEERAPE VTS ERR UG ET IR R AN U EERE RN

® READ THROUGH PRCM LEVZIL L(2) s
S90S L ISR AITHISIE IS VAN ENE

RTP2 ASSIGN 11,0




PILE: GPSs1 Vs 1J08 D12 CONVERSATIONAL MONITOR SYSTEN

SUPEIFPBIPREFSEEBE RS XS SENEERES
¢ SERVICED BY X2 s
SRFBE XYL EEREP RS C T X E I ECXRARE R
UQDQ HACRO KXQ2,KXL2~,KYQ2,RYL2+,KRP2,XSKEX,BVSBYAS

TEST B BVS$BVA6, 1 K1 IN-Q AND GBUS FREE?
SAVEVALUE RXL1+,1 RESERVE K1 IN-Q SLCT

CEXEF U ERERRERE AL AR KNI R K&
& USE G3US TO SEND DATA TO®
* K1 *
SRS ELEEF UL L RETEE SN EUX R G S
UTX MACRO GBUS,KYQ2,X3BEXD1
SAVEVALUS KYL2-,1 RELEASE SLOT IN K2

o T
¢ STORE DATA INTO L(1) AS A RESULT*

¢ OF READ-THROUGH *
SRR SIS XS A S SN AR TS XA XL PR RKBESE®

STOR1 ASSIGN 11,0

SEEEX VIR XKLL AN XTI XEBXX L XS

* SERVICED 3Y K1 *
IR AYEARE R RAT R R R 2 2 24

uQD MACRO KXQ1,&XL1-, ,KYL1+,KRP1,XSKEX,BVSBVA20

R AP RPN L AL YRR IRy

& SEMD TO D11 C3 C12 L]
B SERREE X SUEREERNRNENEEB TS SN FY

SPLIT 1,PN3WICHW, WHICH DATA CACHE TO GO?
TERMINATE

ST REREE B EREENE EEE

* STORE TO C11 x
EEBESCERER XX ER BN RES

¥¥N11 ASSIGN 11,0 WRITE TO D11
QUEUZ KYQ1
TEST E BV3ovA?,? SPACE IN D11 IN-Q AND LBUS1 FREE?
SAVEVALUZ DXLV, YES, BREZSERVE A SLOT

CESET A TR E R I AR AR RN KW
® SEND TXN T2 D11 VIA *

* LBUS1 -
82544002 ESLRTEESRARRS SR

oTX 8ACRO LBOS1,K1Q1,XSBEXD1

SAVEVALUS KYL1-,1 EELEASE K1 sSLO?T

00508202 URETRERETRRE




FILE: GPSst yswos DI3 CONVERSATIONAL MONITCR SYSTEM

¢ WRITE DATA TO D1 L]
VEE PR G PR EUE R PO TR ENSE GO N

uQT MACRO DXQ11,DRP11,X3DEX11

SAVEVALUE DXL11-,1

TRANSFER «X3POV1I,NOVIT1,OVLI ANY OVERFLOW PROM L (1)?

SV N S4B ETE RSB XRESES

*® NO OVERFLOW FROMN L (1) =
PP EAET L4 E AT EFIE NS EE TS

NOV11 ASSIGN 11,0

SEBETLEFEEL LT XL EE A E LR BET
* THE READ TXMN HKHAS ENDED®*
EIIFXVLESEE L LT REIRESEBES

FINI MACRO
TRANSFER ,STAR1

ISEBEANEEEETRA N AU E IS NS
¢ THERE IS OVEZRFLOW FRCM*
® L({1), END THE RZAD L
$ TXN, AT THE SAMT TIME *
¢ HANDLE THZ OVZIRFPLOW =
SIPERESS SV LSS RIS ERNESS

OVL11 SPLIT 1,0VFE11 GOT OVERPLOW HANDLIXNG

PINI MACRO AT T'E SAME TIMZ

TRANSFER +STARY

SEE TR SR SR AN TR K IO EE Y
¢ OYERPLOW HAMDLING FCR =
¢ D11 *
SRS ESE ST S EESERNSEE SRS

END THE TXN

OVP 11 ASSIGN 11,0
0QT MACRO DOQ11,LBUST, XSBEXY
TRANSFLR «CVL1 GOTO COMMON CODE POR OVERPLOW

LA AT A A RS R R R A P PRS2 PR R AR 22 ] ¥l

*  WWW12 .
SESLEAEXISAR LSRRI EL RS L SRS US4 SE S AN

PSSV REL LR E S EEEB LR R R EN AR S EFE GRS

. WNW13 L
CEEEEFE RS USE VNI ANIRSEFIP IS IR OO SRS

WEW 12 ASSIGN 1,0

WWH13 ASSIGY 1,0

0000EIS I PEESEETUNTANNITRASANURIUNS
¢ COnAMON CODE FCOR OVZRPLOW 7PRON .
* L(1) L

r

4 "AGE LS REST QUALTITY PRAGYLCADT
LR LY PUANeL MR T AN

- 7Y -




PILE: GPSSH vS 1Jos D4 CONVERSATIONAL MONITOR SYSTEXN

A R A A AR TR RS R AR SRR IR R A R A 2 R 2 2 2]

oVL1 ASSIGN 1,0

(I3 RE 2 2SR RS RS R 2 FS SRR R 22 R R 2 R R R 2 2 2 2
® USE K1, THEM GBUS, THEN K2 .

¢ THEN LBOS2, THEX USE R2 - .
L T L L R L Y]

0QTQ MACRO KIQ1,KRP1,K0Q1, XSKEX
vUT! MACRO GBUS,K0Q1,X3$3EXY
UQTQ HMACRO KIQ2,KE22,K0Q2, XSKEX
oTX MACRO LBUS2,K0Q2,XSBEXA
QUEUE RIQ2
oTX MACEO RRP2,BIQ2,XSREX ;
TERBINATE I

SEEERSEEFS R G ASERE X AT ES R

® DATA IS FOUND IN L(3) =
SREBEFEAIFEEEC B SR ILNUERES

INL3 QOUZUE ROQ3

SEEIS VB L L AL SRS BB EN AR RN
¢ USE LBUS3 SZND TXN TO *

* D31 ¢
L T T e ]

0TX MACRO LBOS3,R0Q3,XSDEXN

<.

8890 S edsst gt isnERRERER
¢ READ FROM D31 OR D32? *

(A AL RS AT R R RS R AR R A R R R 2 1)

TRANSFZR «5,PRR31,8RR32

S22 208ETEETREER EED

® READ FROM D31 -
(L R R R P e T 2

RRR31 QUEUE DIQ31 .
TEST E BV3BVAS, 1 SPACE IN D31 OUT-Q AND DRP31 FREZ?
SAVEVALUE DYL31+,1

CPCEL L F AR RSN EAE S E N TSR

® READ DATA PRCYM D31 .
SESSH 4SS E LSBT RNSSS NN




PILE: GPSS1 vs1Jos D1 CONVERSATIONAL MONITOR SYSTZXM

UTX  MACRO DRP31,DIQ3I 1, XSDEX N

QUEUE DYQ3
TEST B BV33VA9, 1 SPACE IN K3 IN-Q AND LBUS3 PREE?
SAVEVALUE XXL3+,1 YES, RESEZRVE SLOT

PEY RN AN S AN YKL
® OSE LBUS3 SEND DATA TO *
* X3 &
SEX ST NI FEE U AR NN NS R EL AR ES S

oTX ¥ACRO LBUS3,DYQ31,X3BEXD2

SAVEVALUE DYL31-,1
TRANSFER +RTF3 GO TO READ-THROUGH PROM L(3)

PORTEILEEEE YT ERERE LTS

¢ PEAD PLOM D32 -
IR PP FPE NP S NS EUPEER &

RRR32 QUIUZ D1032
TEST ¢ BV35VA22,1
SAVEVALUE DYL32+,1

UTX  MACRO DRP32,DIQ32,XSDEX32
QUEUE DYQ32 '
TEST £ BV3IVA9, 1

SAVEVALUE Kii3+,1
0TI MACRO LBUS53,0YQ32,X$32XD2

SAVEVALUE DYL32-,)
TRANSFER PR

SEEEEEEIE L L EERUS AN RS UREEANENERES R
¢ READ-THROUGH F20% L(3) DATA IS =
¢ SENT TO L(2) AND L(') AT THZ *

® SAME TINE ]
SEF P EF XU AT SRS RA PSS RI I VR SR SR Y

BTP3 ASSIGH 11,0

[ ITET AT RS ER LR LRSS 2]

@& SERVICED BY X3 »
SORPS AN SESHAENSURBESR RGN

0QDQ HACRO KXQ3,KXL3-,KYQ3,XKYL3+ ,KRP3,XSKEX,37$BVA 0
TEST 2 BV3IRTCK, 1 L(1) & L(2) RZADY & GBUS FREER?
SAVZVALUE KiLle,
SAVEVALUZ KXL2+,)

(I I AT IR AL R R 2} 1)
¢ BOTH L(1) AND L(2) .




PILE: GPSS1 vsijos Dte CONVERSATIONAL MONITCR SYSTEN

¢ READY TO ACCEPT DATA *

¢ FROM GHUS .
LI L R e LR 2 T2 L

uTx #ACRO GBUS,KYQ3,X3BEXD2

SAVEVALUE KYL3-,!1
SPLIT 1,STOR 1 READ-THROUGH TO L(1)

CS I3RS ETRETEEE TR S XS

¢ READ-THROUGH TO L (2) =
PSS S 4SS ERLERPEENE SRS S S

STOR2 ASSISN 11,0

S SF ISEEENASEREE RS E LTS SN

¢ STRVICED 8Y K2 *
ITTT IR R E AR RR Y L

UQDQ HACRO KXQ2,KXL2-,KYQ2,KYL2+,KRP2,XSKEX,BVSBVAS
TEST E BVSBVA11,1 SPACE IN R2 IN=-Q AND LBUS2 PREE?
SAVEVALUE FEXL2+,1 Y2S, RESZRVE SLOT

USSP C RS TSR EC SS U R IRV PR N
¢ USE LDIIS2 SEND TO R2 -

[l LTSS SR AR R R 2 222 )

07X 4ACTRO LBUS2,KYQ2, X$3EXD2

SAVEVALUE KYL2-,! FREE SLOT IN K2

CEF PRI NN T AP LI R E T IR SR IEN

® SERVICED 3Y R2 .
SESESEEESLETEERETIRTENEES

gQp ¥ACRO RXQ2, RXL2-,,RYL2+,RRP2, XSREX,BVSBVA12

SPLIT 1,0VH2 HANDLE ANY OVERPLOW

COSS NS LR L CEP R ARV ESFERNESIT NS

¢ STORE INTO D21 CR D22? «
SOCEB PSSP EUSF PSS USSR ENERRS

TRANSFER «5,55521,55522

(2RI PRI PRA PR 222 2 2 2 ]

8 STORE INTO D21 .
LTI PR R 2R R 22 2 2 ]

§§521 QUEUE RYQ2
TEST E BVSDVA13,1 D21 IN-Q AND LBUS2 FREE?
SAVEVALUZ DXL21+,1 YES, REZSEBVE TUE SPACE

PECE SIS REE VISV ISV N SN IES ISR EY

SR b b v <t M i




PILE: GPSS1 vsiJos DI7 CONVERSATIONAL ¥CNITOR SYSTEX

.

® SEND DATA TOQ D21 VIA BUS *
e T

uTX HACRO LBUS2,RYQ2,XSBEXD2
SAVEVALUE RYL2-,1 RELEASE SPACE IN R2
Q7 MACRO DXQ21,DRP21,XSDEX2]

SAVEVALUE DXL21-,1
TERAINATE

S90S 0PSEEUBLTISEIETESRES

& STORE INTO D22 *
CEERENN LS LA ASESBER ST BES

$8S22 QUEU:Z RYQ2
TEST E BV38VA23,1
SAVEVALUE DXL22+,1

uTX HACRO LBUS2,RYQ2,XSBEXD2
SAVEVALUE RYL2-,1
UQT HACRO DXQ22,0RP22,XSDEX22

SAVEVALUE DXL22-,1
TERMINATE

SEEBEESTE AP EEPTE USRS EEE R R EES

¢ RAND. ANY OVERP. TR0 L(2) *
$ESNSIEEEISSSREEEL T RS SITRRESY

OVH2 TRANSPER .X3POV2,0V2,0VL2
OVL2 QUEBUE RCQ2

SEEEEEEETECE TR RS U T CUSENE

® USE LBUS2, USE X2, USZ =

® GBUS, USE K3, USZ LDUS3, =
® THEN USE R3 .

L T R P T P PRy 2

UTX  MACRO 130S2,£0Q2,XSDEXY

UQTO HACRO KIQ2,XEP2,K0Q2, XSKEX

UTX  BACRO GBUS ,KOQ2,XSBEXY

UQTQ SACRO K1Q3,KEP3,K0Q3, XSKEX

UTX  RACRO LBUS3,K0Q3, X SBEXY E
UQT  MACRO R1Q3,REP3,XSREX ;

_¥OV2 TERIINATE




PILE: GPSS1 vs1Jos Dis CONVERSATIONAL NONITOR SYSTEM

SEEBE ISP RAERETEREREEN TS
¢ COBNCN COD2 POR WRITE *

¢ TO LOWER LZIVELS *
Ty
COMd ASSIGuH 1,C DUMNY STATEMENT

S0P SLLEELTF L H LTSRN E SRS

® SERVICED 3Y K) *
LRI R AR RS2 AR LR TR E T3

UQDQ MACRO £XQ1,KXL1-,XYQ1,KYL 1¢,KRP1,XSKSX,BVSBVA1G

TEST B BVS3BVA15,1 K2 IN=-Q AND GBUS PREE?
SAVEVALUE KXL2+,1

LRSS N IS SR TR EREEERERE L

¢ USE GBUS *
ST SEBAETAEES ST SRR SRS

UTx 8ACRO GBUS,KYQ1,X3BEXD1
SAVEVALUE KYL1-,1

8894 3SCRELER LS A eSS

¢ SERVICED BY X2 .
S84 VREESRELSLSEREETNESS

JQDQ H#ACRC XXQ2,XKXL2~,XYQ2,XYL2+,KRP2,XSKEX,BV3DVAS

TEST B BV3BVA11,1 R2 IN=Q AND LBUS2 PREZ?
SAVEVALUE RXL2+,1

PEER R RS RS E T PR R R AT T EE R RS

® USE LBUS2 .
SEEALFEE LT AL ERTHBERERSE

UTX MACRO L30S2,KYQ2,XSBEXD1
SAVEVALOE KYL2-,1

LA R AR AR RS AR R R Y2

® SERVICED BY R2 .
SEEIEANCERSCASSITEALRE ST

0QD SACRO RXQ2,RkXL2-,,RYL2¢,RRP2,XSREX,BVSBVAI2

SSRGS S EREL PP ENE LS EEI SR ABEREES

¢ SERVED BY D21 OR D222 b
0P VESEELEF SRS HEE VL RAARCERS SRR

TRANSPZR «5,5WS21,5Ws22

SNV EEEE L EERETRUT RN EE N

* STKVICED JY O21 .
08¢0 4SS s e RS SRS

-

LR




PILE: GPSS!1 vsos DN COKVERSATIONAL MONITCR SYSTZ Y
SWS21 QUEUZ2 RYQ2
TEST E BV3IBVA13,1
SAVEVALUE DXL21¢,1
oTX HACRO LBUS2,RYQ2,XSBEXD1
SAVEVALUE RYL2-,1
UQDQ HMACRO DXQ21,DXL21-,DYQ21,DYL21+,DR221,X3DEX21,BVSBVA3
TEST 2 BVSBYVAY,1 K2 IN-Q AND LBUS2 FREE?

SAVEVALUE KXL2+,1

FEEE RS HE R A ERE O A IR E R &

¢ JSE LOUS2 SEND 70 K2 *
S90S ESEEL LTRSS SIS EX K &N

0TX MRCKO LBUS2,DYQ21, XSBEXD2
SAVEVALUE DYL21-,1
SPLIT 1,ACK2 PREPARE TO SEND ACK TO L(1) ;
TRANSFER «STD23 i) GO TO STORE-BEHIND TO L(3)

$8S 0SS EEEEUERIT LRSI TEETR SRS
¢ SEND ACK TO L (1) s

SESES ISR LR S ENE I EAIAEIS AT NOW
ACKX2 QUEUZ D0Q21
UTX HACRO 1LBUS2,D0Q21, XSBEXN
TRANSFER +ACK21
SRFREEEIEEEE TSR LA EE TP SR RN KON

¢ SERVICED BY D22 .
SUBSETELLELETE S RTAS SRR AN

SW#S22 qQutus RYQ2
TEST £ BVSBVA23,1
SAVEVALUE DXL22+,1

oTX HACRO LBUS2,RYQ2,X33EXD1

SAVEVALUE RYL2-,1
UQDQ HACEO DXQ22,DXL22-,DYQ22,DYL22+,DRP22,XSDEX22,BVSBVA21 !

TEST E BY33Va4, 1
SAVEVALUE KXL2+,1

uTXx KACRO LBUS2,DYQ22,X3BEXD2

SAVEVALOZ DYL22-,1
SPLIT 1, ACK3




PILE: GPSSH ¥sS1J0B D2o CONVTIRSATIONAL MONITOR SYSTEHN

TRANSFPER +,STB23

ACK3 Qu=uz2 DOQ22

uTX BACRO LBUS2,D0Q22, X$SBEXY
TRANSFER «ACX21

't'““‘o“tttt-uc“a‘-ttl

& STORE-3EHIND PRCH s
* L(2) TOo L(2) .

FEPSSEREISFVEENSERECENTER

STB23 ASSIGN 11,0

UQDQ XNACRO KXQ2,KXL2-,KYQ2,KYL2+,KRP2,XSKEX,BVSBVAS

TEST E BY3BVA16,1 X3 IN-Q AND GBOS PRES?
SAVEVALUE KXL3+,1 y

oTX MACRO G3US,KYQ2,X3BEXD2
SAVEVALUZS KTYL2-,1
UQDQ HMACRO RKXQ3, KXL3-,KYQ3,KYL3+,XRP3,XSKEX,3VSBVA10

TEST E BV3BVA17,1 R3 IN-Q AND LBUS3 PRES?
SAVEVALUS RXL3+,)

oTX 4ACRO LBUS3,KYQ3,X3BZXD2

SAVEVALUE KYL3-,1

gQDp MACRO RXQ3,RXL3~-,,RYL3+,RRP3,XSREX,BVSBVA 18

SOESE LS ESLEXETEEFEEVR RN SN S AV RGN

¢ SERVICED BY D31 OR D322 *
GOS8 ESEEEEERAANEREIRARRRIRN RS IR SIS

TRANSPER «5,549831,5Ws32

(2R PR LR R R AR L L)

¢ SBERY. BY DI .
LT P YR LT Y]

S¥S31 QUEULZ RYQ3
TEST E BV3S3VA19,1
SAVEVALUE DXL31+,1

UTX SACRO LBUS3,RYQ3, XSBEXD2

SAVEVALUE 3YL3-,1




PILE: GPSsS1 V51308 D2

QT YACRO DXQ31,03P31,XSCEX31
SAVEBVALUE DXL31-,1

QT HMACRO D0Q31,LBUS3,XSBEXY
TRANSFER +ACX22

IAAAA RIS T A AR AT R L)

¢ SERV, BY D32 =
SOCLE SEEEE R AL ETVAEE®

'S¥S32 QUEUE RYQ3
TEST & BVSDVA24,1
SAVEVALUE DXL32+,1

UTI  HACRO LBUS3,RYQ3,XSBEXD2
SAVEVALUE RYL3-,1

UQT  HACRO DXQ32,DRP32, XSDEX32
SAVEVALUE DXL32-,1

UQT  BACRO D0Q32,LBUS3,XSBEXHN
TRANSPER +ACK22

SESEET NS SES RS REEN U E SR ECERE R EIE RS

& ACK FROM L(2) TO L(2) i
L P R P T T

ACK22 ASSIGN 11,0

UQTQ HACRO KIQ3, KRP3,K0Q3, XSKIX
.UTI MACRO GBUS ,XOQ3,XSBEXM
UQTQ H8ACRO KIQ2,KRP2,X0Q2,XSKEX
UTIX MACRO LBUS2,XK0Q2,X3BEXN
UQTQ HACRO R1Q2,RRP2,RCQ2, XSREX
uTX HACRO LBUS2,R0Q2,XSBEXN

TRANSPER +ACK21

SECEEBECEET RSP USEINISITERR S SIS VRO RS

® ACK PROM L(2) TO L(V) =
L T T T L e P T T e

ACK21 ASSIGN 11,9
0QTQ NACRO KIQ2, XPP2,K0Q2, XSKEX

CONVERSATIONAL MONITOR SYSTEY




PILE: GPSS1 vsi1Jos D22

uTX HACRO GDUS, K0Q2,XSBEXM
UQTQ MACRO KIQ1,KR?1,X0Q1, XSKEX
urx NACRO LBUS1,X0Q1,XSDEXY
SPLIT 1,FUSAICHA,1
TERMNINATE
AAA11 ASSIGYN 1,0
AAA12 ASSIGN 11,0
AAAY3 ASSIGN 11,0
. QUEUE DIQ M
SEIZE DEP11
DEPART DIQM
ASSIGN 4+, X3REX
ASSIGN 7,XSREX

ADVANCE P7
RELEASE DRP 11
TERMINATE

SEEEEEEREEF EESEDRE S

* AAAT2 b
EFEUTERUKERFRETEE .

SEBEL IS ES UL T RER AR Y

®  AAMY3 .
SssREssaEsRIs e e

CEECESEEEESEETUENCE B ST ESETL SRS SN EN

L ] L
¥ TIYER SEGUENT = TIHE UNIT IS *
® OQNE NANOSZCOND *

SEEFESEE X XL E XX NAAEET UV IR LSS SRS SPEOE R

GENERATE XSTINER
TEBRHMINATE 1

START 1
END
/®

CONVERSATIONAL MONITCR SYSTEX




Appendix B

FLOW CHART OF PSL3 MODEL

P TV YN, A A e e

e ————————————————
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e e man b Al A BR Lo S e b bd o

T R N S T PP N WSS N -

read from
D1

ry

write to

D11

search

directory

!

in

D11?

no

send
store-behind
to K1 via
1bus]

send to
K1 via
1bus1

(comr)

- 82 -

(comw)




(star2)

write to
D12 |
. |
read from search Jl i
| send ;
D12 directory store-behind |
to K1 via 1bugl |

‘ [ I
yes in
D12?

i (comw) ‘

send to
K1 via lbusl

g

(comr)

- 83 =




(star3)

'}@

CPU3

write to
(www3) D¥3
i (rrr3) ﬂ
Y
read from search
D13 1 directory send store-
behind to
1 K1 via lbusl
yes in
D132
no (comw)
send to Kl
via Tbusl 1

 Je—

(comr)
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read from

D14

A

write to
D14

J search
: directory

|

yes in

D14?

no

send
tore-behind

o K1 via 1busP

send to Ki
via lbusl

(comr)

- 85 -

(comw)




write to
D15
read from search 3
D15 1 directory tore-behind
o K1 via lbus

- A
n
_yes .
D15?
g no (CO"M)

send to Kl

via ’lnbusvl

i

(comr)




(comr)
H K1 R3
no
‘ send to
send to send to R3 K3 via Tbus3
; K2 via
. via lbus3
: gbus ‘1
3
A
K3
K2 K3
F3
l send to K4
via gbus
send to R2 send to K3 i
via lbus2 via. gbus
K4
A send to R4
R2 k2 via lbusé
: $
send to K2 R4
via lbus2
no
yes
' (in14)
(in12)
'
- 87 =

yes

(in13)




send to

device via
1bus2

v
JFN'Z] ) (rrr22)

D21 D22
{ send to K2 sendl 5 K2
; via 1bus2 via 1bus2
» K2 -
y
send to Kl
via gbus
(storl)
- 88 -




+

i
l
| |
' |
write to | |
D11 | |

(
| |
I |
send to Kl | '

via 1busl I
10 e , |
- |
% ' '
Y __ on1) | |
(starl) K] R |
— -’ )

il —— S W G
send to K2 R2
via gbus
send to R2
K2
via 1bus2
- 89 =




Jom—

- e e
(in13)
send to
device via
1bus3
Prrrﬂ ) l(rrr32)
send to K3 send to K3
via lbus3
via 1bus3
K3 g—
send to Kl
and K2 via
gbus

(storl) (stor2)

- 90~
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(stor2)

10

K2

+

send to R2
via lbus2

i

R2

]

l(sssZ'l)

send to D21 |
via Tbus2 l
¥ |
1Yy store into
4
send to K3
via gbus
'S
K3
!
send to R3
via 1bus3 "’L R3
- 9] =
P i ~ -

(sss22) l




(in14)

send to'device
via 1buséd

I

(rrrdl) J (rrra2)
D41 D42
| :
send to K4 send to K4
via lbusé via lbusé
S K4 ¢
send to Kl
K2 and K3
via gbus

(storl)

(stor2)

(stor3)




- e
(stor3)
K3
¥
send to R2
via 1bus3
¥
h R3 l
- (sss31)
4
> send to D31
send to K3 via lbus3
via 1bus3
1
-
D31
K3
P
send to K4
via gbus
-
K4
b
send to R4
via 1busé R4
- 03 -




(comw)
K1
<
send to K2
via gbus
¥
K2
¥
send to R2
via 1bus2
¥
R2
vt ¥ (sws22)
send to D21 |
via lbus2 |
I
)
D21
+
send to K2 _,J send ack to
via 1bus2 K2 via lbusg
(ack21)
(stb23)

- 94 -




(stb23)

K2
<
send to K3
via gbus
v
K3
<
send to R3
via lbus3
¥
\
R3
(sws31) i (sws31)
send to D31 +
via lbus3 |
[
,
D31
Ry
send to K3 send ack to
via 1bus3

K3 via 1bus3

O (stb34)

- 95 -

(ack32)




(stb34)

K3
<
send to K4
via gbus
y
K4
¥
send to R4
via lbus4
Yy
R4
(sws41) 7 (sws42)
send to D41 I
via lbus4 |
i |
D41
send ack to

(do nothing)

K4 via 1bu54‘

———————————————— T ————




(ack21)

K2

*

send to K1

via gbus

¥

K1

+

send to cachg

via lbusl

!

(aaall) (aaal?2)

(aaal3)

D13
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(aaal4)

'

(aaals)




(ack32)

K3

Y

send to K2

via gbus

Y

K2

*

send to R2

via lbus2

')

R2

)

send to K2

via lbus2

(ack21)




(ack43)

K4

P

send to K3
via gbus

¥

K3

¥

send to R3

via lbus3

¥

R3

E)

send to K3

via 1bus3

(ack32)




Appendix C

LISTING OF THE PS5L4 MODEL
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PILE: GPSSSY vsiJee DI CONVERSATIONAL MONITOR SYSTEN

//LANY JOB LAM, MPROFILF='RETURN',
// PRCFILILE='LOW',
// TINE=Y
//fPASSEQLD
//GPSS D2RCC
//C EYEC PGM=DAGO1,TIME=&TLINIT
//STEPLIL LC OSN=PCTLUCK.LIBRARY.GPSS.LOAD,DISP=SHR
//00UTPUT DD SYSOUT=P9 F1LE=RETURN,OCC=3LKSIZE=931
//DIXTEh0 DD UNIT=SC:=AICH,SPACE=(CYL, (1,1)),DCB=BLKSIZE=1880
//DSYNTA3 DD UNIT=SChATCi,SPACZ=(CYL, (1,1)),DC3=3LKSIZC=7112
//DRESPTGEN DO UNIT=SChATCH, SPACE=(CYL, (1,1)),0CB=3LKSIZE=8C0
//DINTACAK DD UNIT=SCRAICH,SPACE=(CYL, (1,1)),DCB=BLKSIZ2Z=2680
// PEND
//STE?! EXEC GPSS,PARN=C,TLINIT=S
//CLHEPUTY DD *
B CALLCOCATE FUN,S,QUE,10,FAC,S50,BVR, 200,BL0,2000,VAR, S50

* ©  EEALLOCATE FSV,5),HSY,13,CCN,40000
(AL R AR R AR AR R R AR R R DY )
L] .
® TXN PARY USAGE .
L ] L ]
¢ P21 C2U ID .
¢ P2 TXN APRIVAL TINZCe
¢ D3 TYN CONPL TINE e
e P4 TXW EXEC TINL
* P11 DUENY .
@ .
S8 ES S8 CCESPSSEEESSSSOLES

9688048000808 0¢88Rs0sEIESR

MODEL CONPOMNENTS

BUSES: GDUS, LBUSY,..
CACHESS D1V, eeeD1S

LEVEZL CCNTRL: K1,.ssKU®
REQ PROCS: R2, «« K& ®

« &

DEVICLS: D21, ...D42
: RI, RO .

STCHAGE : SI, SO .
STORAGL ¢ TI, TO *
STCIAGE ¢ AL, A0 .
TCRAGT ¢ OI, 00 .
.

.
e
L]
L ]
.
L
<
® STORAGE
L
.
@
.
L
&

SECEPE NS ETTECESEE PRGNSV

930848220 RREERESEO GRS

L L
¢ MODEL PARAMETERS .
. L]

0SS EEEIEC T sEvrEVIENEUU S

INITIAL XSEAXNP,10 DEGREE OPF MULTIP&OG PSR CPU
INITIAL XSHAREAD,S0C 4 READ REQ

THIS PAGR 1 BEST QUALITY I‘RAC!KCABLI.
FROR 307y Suns, ux Tv LLC
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PILE: GPSSS4  VS1J0B D2
INITIAL XENSKTT, 500
INITIAL XZP11,900
INITIAL XIPLN2,900
INTRIAL XT2Iul1,900
INITIAL X$D1K4, 1000
INITIAL XFPOV1, 500
INITIAL £520V2,500
INITIAL X320v3,5C0
INITINL X3DEX1,10
INITIAL X300X2,100
IUITIAL XiDEX3,209
INITIAL L3DEXG, 1000
INITIAL X3pEX%, 10
INITIAL X33EX1,10
INITIAL X58LX2,80
INITIAL X33EX3,320
INTITIAL XIRIX,20
INITIAL X$KEX, 10
INITIAL XSRDEX1,30
INITIAL XSTINEL, 200000

0988 98s2cssssssa STV SRR

L ] .

® SAVEVALUES “

L] L J

® NTXN TOTAL TX§ PROC. =

® SUMX TCTAL EXEC TINZS

® SUSW TUTAL WAIT TINES ®

L]

L

*

® VAKIADLES
L

MRESP FVARIANDLE
TXNT VARIAULE
TXN&d VARIAJLE
TXNX VARIADLE

* TABLES
*

TXNT TAOLE
TXEW TASLE
TINX TADLE

SUNT TOTAL CTLADSED TINne

L

CeCESNETE PR OIBEORESOESTSE

AL AR ALY R ARSI RS R 2 2 2 22

.
L
.

(T2 T RIS A SRR RS R A NS Y

(XSSUNT/XSNTXN)

p3=p3
P3-p2-Pu
Pu

PRI R AL AR AR AR A2 Y]

.
*
.

SESEFFSESEL PR ENEE R EEEt IR

CONVERSATIONAL MOUITOR SYSTEHM

A WRITE KEQ

CONDITICHAL PROu OF PINDING DATA
I A LEVIL G1lVEW THAT T!E

DATA IS HOT FOUUND IN ANY UPPER
LEVEL

PROD QP CVERFLOW

DEVICE SERVICE TIKE

BUS SERVICE TIME

DIRECTOFY LCOK UP

CONTRCLLER SERV TINE

LOOKUP PLUS RCAD TIME OP CACHE
SIMULATION TINZ

MEAN RESP TINE
TXN ELAPSED TIKE
TXN WAIT TINE
TXN EXEC TINMZ

V3TXNT, 100,100,100
V$TXN®, 130,100,100
V3TLNX, 100,100,100

AAZ A A A RS T A A A A R A A A A2 2]
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PILE: GPSSS4 Vs 1Jos D3 CCNVERSATIONAL MONITOR SYSTEM

* PUNCTIONS .
. .
R T T P

WICHW FUNCTION ?1,D5
2,8wWH11 /3, Wanl2/4 ,6dW13/5,URN14/6,WHWE 15

WICHA PUNCTION P1,DS
2,AAA V1 /3,AR012/4,A0013/5,A0A14/6,AAA15

S SELET T LSRN EESEITEEES

& *
* STORAGE FOR L (1) *
* CACHES .
L] .

0800 080sessEB ISR ET IS
STORAGE S$RIDIY,10/S5SID11,2/S8TID11,10/SSAID1Y, 10
STCRAGE S$21D12,19/5551D12,2/5371D012,10/53541D12,10
STORAGL S&xID13,10/8551D13,2/537T1013,10/5331D13,10
STORAGE S3RIDI4,V10/S5SIDVE,2/S3TID14, 10/S5AID14,10
STORAGE SIRID1S,10/5351D15,2/537T1D15, 10/53A1ID15,10

S0 SESE STV LUTBIETRNAES SIS
v .
¢ STORAGE FCR DEVICES . =
. »
(I Y R T T Y

STORAGE S$RID21,10/S8S1ID2Y,10, 13T1I221,10
STORAGE SBRID22,16/58581022,10, i3TID22, 10
STOFAGE SSRID3I,19/858ID31,10/55TID231,10
STORAGE SHRID3Z, V10/S351D32, 10/S8TIN3 2,10
STCPRAGE SSRIDU1,10/55SIC41,10/557TID41,10
STORAGE SIRID42,10/535ID42,10/587ID42,10

A ARl Rl I AR PR NSRS R T Y
-« .
¢ STORAGE POR REQ PROC ¢
. -
90800 ¢ovtdtéscsetsestanse

STORAGZ SSRIR2,10/S8SIR2, 10/SSTIR2,10/S8A1R2,10/SS0IR2,10
STORAGE S3RIR3,10/S3SIR3,10/S8TIR3, 10/S$AIR3,13/S3E0IR3, 10
STORAGE SSRIRY,1C/55SIR4,10/S3TIEY, 10/S3AI24,10/5801IR4,10

060 0P TTLICEES T SPESIERTESIIETTTSE

. .
# STOBAGE POR K1 .
L «

AL R AN L R A R R R A R R YY)

STORAGE SSKOK1,10/5850K1, 10/S$TIK1,10/5541X1,10/5800K1,10
L Y T T P T T T R T Y

THIS PACZ Lo o .0 4uALITY PRACTLCABLE

FROR Qurt £ wosnwl 10 DLC i
o
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PILE:

GPSSS4

Vs 1J0oD 04

® STCRAGZ FCR K2,KJl, K4 =

L]

[ Z2 I RIE Y RAAE RSN AR YY)

STORAGE

SSRIK2,10/S351K2,10/S3TIK2,1C/S3AIK2,10/5501K2,10
STORAGE SSRIK3,10/S551K3,10/5871K3,10/5 $AIK3,10/5%01K3,10
STORAGF SSRLKG, 1C/535IK4, 10/53TTK4, 10/5801K4,10/5501K4,10
STOR\GE SATCK2,10/S550K2,10/587CK2,10/54ACK2,10/5%50K2,10
STORAGL SHRCK3, 10/5550%3, 10/5370K3, 10/S530K3,10/S5C0K3,10
STORAGE SSROK4,10/S5S0K4,10/SSTOK4,10/S SACKY4 ,10/5300K4E , 10
SEPE P RUP S EELEEEPEBREEREES
® L 3
* BOOLEAN VARIABLES -
L L

PEC LT 4L S EEVBESESEERES

S22 4B P SETIBESORTEFRE

5 &
¢ BY FOR READ-THROUGH *
. -

SFBEL PSS ELRTFVIESRLELNE S

RTOK2 BYA®INBLE FNUSGBUS*SNFSTIK1
TOKJ3 BVARIABLE TFNUSGUUS*SNFITIK1®SNFSTIK2
RTCKY4 BVARIABLZ FNUSGDUS®*SUFITIKI®SKPSTIK2¢SNF3ITIK3

LA N AL R LA R RSN 2]

. .
¢ BV POR L(1) .
L L]

$80583042CE B EnsENEEEESER

DKPY1 OVARIABLE FHUSLBUSY*SKNPEROK1
DKS1 BVARIAGL™ FNUSLBUSI*SHFISCKI
PKOY BVARIANBLE FNUSLBUSYI*S!T BCCK1
KDT11 BVARIANBLE FNUSLAUSI*SHFITIDI
KEDT12 BYAFIAULE FNUSLBUSISSHF3ITIDI2
KDT13 DVAKIABLE FNUSLOUS1*SHNT3TIDII
KDT 14 BYARIADBLE FNUZLOLUST1#SNFSTIDG
KDT1S BVARIABLE FNUSLBUSI®SHNF3TIDIS
KDA11 EVARIABLE FPHNUBL3USI*SNFSAIDI
KDAY2 BVARIADLE FNUILJUS1*SHFTSAIDI2
KDA13 BYATIABLE FMNUSL2USI*5HF3ATIO13
KDAVY4 BVARIADLE THUSLOUS1®SL?3AIDIY
KDAVS DVARIADLE FNUSLDUSY#*SNFSAIDIS
CESEEEIETITCNIUN IR NN OGN IR

. .

* BV POR INTER LEVEL coue

. .

00N SEPSEOSERRIVIEREISEENITRE

KKR12 BVALIADLE FNUSGBUS®SNFSRIK2
KKS12 DVARIABLE PNUSGHUS®SHTSSIK2

-104 -
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PILE: GPSSSY vs1Jod DS CONVERSATIONAL MONITOR SYSTEHN

KK012 BVARIABLE PNUSGBIUS*SNF$50K2
FKT21 BVARIASLE PNUZGDUSOSNF3TIK?
KKA21 BVAFIAULE FNUAGLUS®*3NFSALIKD
KKF23 DVAFTIADLE FNUISOUS®SNF3IRIK]
KES23 BVARIADLE FNUSGDUS®3NFRSIK3
KKC23 bVARIADLE FARUIGIUSeSUFIOIK]
K¥XT32 BVAPIABLE FNUSGUUS®SHFSTIR2
KKA32 BVAFIASLE FNUIGDUS®SHFSAIK2
KER34 DVAPIABLE FNUSGHIS*SHNFINIKY
KXS34 DVARTADLE FSNUSGOUS®*SNPSSIRKY
KKO34 UVARIABLE FNUSGOUS®SNP30IKG
KKT43 BVARIABLE FNUSGOUS*SNPS3TIX]
KKA43 BVARIAULE FNUSGRUS®SNP3AIKI

(I AL R R AN RS R A AR )

L *
& BV POR L(2) 0PS ¥
. .

FES S S CES LS EEREENEERCRSER

KPR2 DBVARIABLE PNUSLBUS2*SNF3IRIR2
KRS2 BVARIASDLZ NULLBUS2¢SNEASIR2
KET2 BVARIABLE FNYUSLBUS2#SNF3TIE2
P KRA2 BVARIABLZS FHUNLDUS2*SNTBAIR2
KPO2 BYARIABLE FNUSLOUS2#SHNFSCIR2
RDR21 BVARIABLE FHUSLBUS2*Sursrin21
FDS21 BVAFIANLE FNUJLLUS2eSNFSSID21
FDT21 BVARIABLE PNUILIUS2*SNTSTID21
RDR22 BVAFIADLE FMIUSLLUS2+SNTIRID22
RDS22 UVAKIAULE FNUILBUS2¢SNTHSIL22
RDT22 BVARIABLE 2NUZLBUS24SuF3TID22
DKS2 BVARIABLE FNUSLUUS2¥SNF35CK2
3 DKT2 BVASIADLE FUJILUUS2%SNFSTOK2
D¥A2 BVARIADLE FMUSLBUS2*SLFSACK2
RKR2 UVAFIABLE PHUSLOUS2®SNFSHOK2
FKND2 BVARIAGBLE FNUILDUS2*SNF300K2
RKA2 DVAPIABLE FNUSLBUS2*SNPSACK?2

SO ESEETES S SEEE T IIRSESEN

E ] *
® BY FOR L(3) o°ps L
. .

PEL SIS EFCE LSS SERICESESCS

KRR3 BVAPIADLZ FHUSLOUS3*SNFSEIRI
KRS3 BVARIASLZ PHUILRUS3I®SNFISIRI
KPT3 DBVARIABLE FNUSLHUSI®SHFSTIKI
FRAJ DVARINDLLC FNUSLDUSI*SNF3AIR3
KFO3 BVARIADLE FLUSLBUS3IeSNFICIR3
RDR3Y BVAFRIANDLE FNUSLBUSIsSHNFS2IDN
RDS31-UVATIABLE FNUSL3US3eSuT3SIDIN
PDTIV BVARIAGLE PNUSLJUSIeSHFSTICN
RD¥32 BVAGIABLE FNUSL3US3eSNFBRID32
BD532 BVARIAULE FNUSLJUS3®SNTSSID32
BDT32 BVARIASLE FNUSLLUS3eSNFSTID32

THIS PAGE Lo bai UALITY PRACTLOABLA
FROR ®u: + »unviunsl TO DDC —
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FILE: GPSSS54 vsS1JoB D6 CONVERSATIONAL MONITOR SYSTEN

DKS3 DNVAKRIABLE FNUZLDUSI®SNFLSOK]
DKT3 DVARIABLE  MUUZLUUSI*SNFSTCKI
DKXA3 BVARIALLE PNUSLBUSI®*SLF3AOK3
PKR3 DBVASIADLE FNUILBUS3*SUFSRCOK]
FKAJ BVAPIAUBLE TFHNUSLLUS3I®SNTSAOKI
RKO3 DVARIADLE FNUSL3US3I*SNF30CK3

SEFCF IV EIEEFEX KSR UEAEES

L .
® DY POR L(4) OPS *
- *

CRLEP NS BEESETLEFEREEETE R

KRPY4 BVARIABLZT FEFNUJSLBUSU*SNPSRIRUY
KRS4 BVARIABLY FNUSLBUSL®SNPISIRG
K204 DVARIABLE FNUSIZUSYeSHFIOIRY
DCRGY BVARIAGLE FNUILZUSYU®SNFSRIDUWN
RDS41 BVAPIADLE FSNUZL3LSU*SNTSSIDUDT
RDR42 DVAKIADLE FNUSLUUSU®SHFRRIDA2
RDS42 BVARIAULZ FNUSLUUSU®SNESSIDNL2
DXTY4 DVARIABLE FNUAZLUNSUeSHNF3ITOKUY
DKAYW  BVAFIABLS FNUAFLLUSYU®SNFSAORY

CEEFTEC U PP E S AT RS ESE ST SR

. *
. SACROS . ; .
« «

008282489 BEVSAEPLESSRS S

(AL R LR A AR AR N AR AL 22

. .
¢ HMACRO -uUsE .
¢ $A PACILITY .
¢ §B USAGE TINE .
. L

080000808 vsVEVTEEBIOIESSIS

OSE STAKTMACRG

SEllt A
ADVANCE 3
ASSIGH Yo, 0B
RELZASE (FY
ENDMACRO
SECE PO TRSEEEBIEEESESEESR
*
MACRC = SEUD .

.
¢A FPROY \
1B TO

.
L]

L]

.

® §C VIA
.

.

.

L1

4D TLANSIT TIME
¢E BV PO0R SEND OP = g
. A ey
08900000 SVOTRICETIVIBES ‘:\ 9

* ® a4 #
Ctl
e R
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FILE: GPSSSu vs1Jos D7 CONVEKRSATIONAL HMONITOER SYSTEXN

SEND STARTHMACRO

TEST E $E,1
ENTER #3
SCIZE §C
ADVAHCE *0
ASSIGHN L+ ,8D
KELEASE §C
LEAVE A
ENDMACRO
SEESBEEEEL AT EESIEE RS RN
. *
* HACEO - PINI .
. .

SHEBE NI EE IRV ST R R AR SR . {

PINI STARTMACRO
MAZK 3
SAVEVALUE NTXlN+,1
SAVEVALUE SUXX+,V3TXNX
SAVEVALUS SUNR+,VETXNW
SAVEVALUE SUAT+,V3TINT
SAVEYVALUE MRESP,V3SNMRRSP

ASSIGN 1,0

ASSIGN 2,0

ASSIGN 3,0

ASSIGH 4,0

ENDMACKRO
¥ ecc e e e cc e e r e cccccc e cm e e ce - ——— = |
& ! . |
. BEGIN SIMULATION - |
. L] {
$8ccccccccccccccccnccccn e et ccc e ccc e c e cm s » |

SIMULATE |
SIS EEFEEEIEEBEEBEERENEL KN |
. . |
. cru ¢ . |
. *

SEESREFTIESISEESEEISIUEQLISIETRESR

PHULT

CPU1 GENERATE

STAR! PRICKITY
MAERK
ASSIGH
TRANSTZR

RRR1 TRANSFELR

3,5,7,9,11,13,15,17

oo XSHAXNP, ,,P

’

9 SET HIGH P POR NEW TXN
2 ARKIVAL TIME :
Yol CPU ID

JXSNFEAD, NWW1,RRR1

SX32INT,NINT1,RINN

AR R IR R R R R R SRS Y L

.
® DATA IS IN Da7TA

.
CACHE *

]
THIS Fave +u vaud QUALLTY PRACT LGABLE
FROA Guc ¢ PUAALSHED TO DOC >~
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PILE: GPSSS54

*

ysiJjon D8

CPEEEPEESEIT USSR ES SRR

PIN11 ENTLCR

USE ®ACEOQ
LEAVE

FINI MACRO
TRANSTER

RIDV1
DRP11,XSRDEX1
RID11

+STAKD

LI A AR A SIS R AR RS R R A RS LY

s

* DATA IS NOT IN CACHE ¢
L]

-

SSES SELES LB EREREEEE RS

NIN11 ENTER

+O0SE. MACRO
PRICRITY

SENKD MACRO
TRANSPER

PIDW
DRP11,X3REX
0

CONVERSATIONAL HONITOR SYSTEYN

PUT TXN I READ RZQ BUFFER
STARCil AND READ CACHE
FREE BUPZER

A NEW TXN

PUT IN KEARD REQ DUFPER
STARCH DIKZCTORY
BESET PRIORITY

RID11,R0K1,LBUSY, X5BEXY,BVS0KRY

,COR

FEE T EEEXEEER VT NEERESE R EEE

*

¢ WRITC REQUEST TO CACHI*

.

SRS ETECEAESSEEURIEIXY

FW¥1  ENTER
USt MACRO
PRIOPITY
SEND HACRO
SPLIT
PINI HACRO
TPANSPER

sipn
DRP11,X33DEX
’ :

TO CONMMON CODE FOR READ

POT (N IN WRITE REQ BUFPER -

WRI" 2 DATA IN CACHE

RESET TXN PRIORITY

SIDV1,S0K1,LBUS1,X3CLX1,BVSDKSY

1,C0HW

+STARY

S80S ST REETETSOSETEEESES

L coU 2
LJ

.
.
.

(AL EL RS R RN RS 22 2 2 2 2 )

CPO2 GENERATE

STAR2 PRICRITY
MARK
ASSIGN
TRANSFZIR

RRR2 TRAMNSTZR

.
9
2
1,2

.o XSMAXNP,,,P

A NEW TXN

SET HIGH P FOR NEW TXN
ARRIVAL TIKE
ceU I

«XSNEEAD,WWW2,RRR2
«X32INT,NINT2,BINT2

VEESICUESECNIVISEGITIE RS
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PLL2: GPSSSU vs1Jos DY CONVERSATIONAL MONITOR SYSTEZNM

L4 ]
® DATA IS IN DATA CACHE »*
LJ L]

PEVSSERI NIV ESSEBEE LB S

RINT2 ENTER RID12 PUT TXN IN READ REQ BUFZPER
OSE X¥iCro D212, X3RDEX1 SEARCH AND READ CACIE
LzAv: RID12 FREE BUPFER
PINI MACPO
TRANSPEL ¢« STAR2 A NEW TXN

PEH B LBEEIBEERRENIB RS RS
. . .
* DATA IS NOT IN CACHE =«
. .
SEEEABAASEE LT ISR ESRNES &S

NIN12 ZNTER EID12 PUT IN READ REQ BUFPER
USE MACRO DRP12,XSRIX SEARCH DIRECTORY
PRIORITY 0 RESET PRIORITY
SEND 4ACEQ RID12,KrOK1,LBUS1,XSBEXY,BYSDKE!
TPANSPER ,CORR TO COMMON CODE FOR READ
SEERSEC TSI N EENENSEEFET S S
* *
¢ WRITE REQUSST TO CACHE®*
] *
PSS E LB EFESLEEE RSSO S
WWWK2 ENTER SID12 PUT TXN IN WRITE REQ BUFPER
Use 4ACRO DRP12,XSRDEX WRITE DATA I CACHE
PRICRITY 0 RESET TXN PRIORITY
SEND MACPO SID'2,S0X1,LBUS1,X3DEX1,BVEDKST
SPLIT 1,CcouW
PINI MACRO
TRANSPER +«STAR2 A NEW TXN
CES 0SS S EEERATISEFIETE GRS
. L]
v CPU 3 .
L ] .

LA AL RN AR R R R YRR ER RN

CPU3 GENERATE oo XEMAXNP,, ,P

L4
STAR3 2KIGRITY 9 SET HIGH P FOR NEW TXWN
1ARK 2 ARRIVAL TIME
ASSIG: 1,3 CPU 1ID
TREANSFER «X3NREAD,WW&W3,PRE]
BRR] THRANSPER «X3PINT,NIN13,RINTI

: ¢ o
PH13 PAGE 1S REST QUALTTY PRACT LG

cREt ™C oDt
FROM A0V Bime i umn T
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PILE: GPSSSY vs1Jos DIO CONVERSATIONAL MONITOR SYSTEN

EETE LS FEER YR NS ER I EEF K F W

L] . |
¢ DATA IS IN DATA CACHE =
. «

PEE LB FETLE STV ESETNETS

RIN13 ENTER ®ID13 PUT TXM IN READ PEQ BUFPER
USE MACRO DR213,XSRDEX1 SEARCH AND READ CACHE
LEAVE RID13 FREE BUFFER {
PINI MACRC |
TRANSFER +STAR3 A NEW TXN |
1
SEES IS UNELIBEREETERSRERS |
. . |
® DATA IS NOT IN CACHE = ;
| 3 * .
SSPSETFIRCEILENESERRET SR ® ;
|
1 NIN13 ENTER RID13 PUT IN EEAD REQ BUPPER ‘
USE MACLOC DRP13,X$REX SZARCH DIRECTORY
PRIGCRETY & RESET P3IOERITY |
SEND MACHLO RID13,R0K1,LBUS1, X3BEXM,3VSDKR1 |
TRANSZER +COMR TO COMMON CODE POR READ %
CEssEEET IS ETENLRARET NSRS |
. * |
¢ WRITE RLQUIST TO CAClize |
. - |
PSPPI EEITEISENERRNE LSS :
q
WWW3  ENTER $1013 ; PUT TN IN WRITE REQ BUFFER |
|
use MACEOQ DRP13,X35DEXT WRITE DATA IN CACHE %
PRIORITY 0 RESET TXN PRIORITY g
SEND HMACRO SID13,SOK1,LBUS1,XSBEX1,BVSDKS1 i
1 |
SPLIT 1,COHNW
PINI MACRO
TRANSFER +STAR] {
(IR SRR RN SRR Y Y \6
. . ‘ o
¢ CPO t4 . & 3
- » =
S6E PSSP EET LIS ESBETBSEs RS o
1 CPU4 GEINESRATE  ,,.X$MAXu2,,,P N
STALR4 2RIOPITY 9 SET HIGH P FPOR NZ4@ TXN
F AARK 2 ARRIVAL TINMZ
.
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PILE: GPSSS4 vs$13Job DI CONVERSATIONAL MONITOR SYSTEN

ASSIGYN 1,4 CPU ID
TRANSFER « XS§NREAD, WWWU ,KRRU
RRR4 TRANSFER «X3PINT, NINI4,RINTY

PEESEFVENEC X FSE TS G SE ST SER

. .
* DATA IS IN DATA CACHE ¢
L «

34808t EsBEBOEREERSESS

RIN14 ENTER RID1Y PUT TXN IN READ kKCQ BUFFER
OSE KACRO DRP?14, XSRDEX1 SEARCiH AND RLAD CACHZ
LEAVE RID14 FREE 3UFFCR
PINI MACROD
TRANS?ER +STARY A NEW TXN
I N Y PR R R Y
. .
* DATA IS NOT IN CACHE =
. .

SPEES 84S PV EEEBT S ELERERES

NIN1Y4 CTNTER RID14 POT IN READ REQ BUZFTFER

Use %ACH ~ DRP14,X3REX SEAECH DINECTORY
PRIORITY D) BESET PRIORITY

SEND MACRO RID14,FOK1,LBUS1,XSBEXY,BVIDKRI
TRANSPER +CONR TO COMMON CODE FOR READ

A T T Y

. .

¢ WRITE EEQULST TC CACHC*

. ®

PSS 0SS LSS GEESEBEESS

_WWA4  ENTER SID1y4 PUT TXN IN WRITE RZQ DBUFFER
USE 4ACRQ DRP14,XSRDEZX1 WRITE DATA IN CACHE
PRIORITY 0 RESET TXN PRIORITY
SEND HACRO SIDY4,SOK1,LBUSY,XSBEX1,BVSDKS1
SPLIT 1,conMV

PINI MACRO

TRANSPER +STARG A NEW TIXN
10446 PV IestevsaviBsdustts
L] ]
* CcPU 5 .
L *

00004 ¢0¢ 00800000 ¢tEtsOESTS

sl 45 BE53 ey
FRop “JIQvALIZV;“A.
b Uus X - b, C
/. L Toppg | TLCABLE
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PILE: GPSS554 ¥siJjos D12 CONVERSATIONAL MONITCR SYSTEN
CPUS GENLRATE ¢ o XEMAXYP,,,P
STABRS PRIORITY SET HIGH P2 POR NEYZ TXN

.
9
1ARK 2 ARRIVAL TIME
ASSIGN 1,5 cpU ID
TRANSTER «X3NLEAD, WWWS,RRRS
RRRS TuANSFEK «X3PINT,NINIS5,RINTS

CEEITLRETEECETEI eI RInGEE

L] .
* DATA IS IN DATA CACHE *
L .

(I Y Y Y

BIN15 ENTER RID1S PUT TXN IN READ REZQ BUFFER
USE HACRO DED215,X3RDEX SSARCH AND READ CACHE
LEAVE RID1S FREE BUFPFR
FINI 3ACRO
TRANSFER +STARS A NEW TXN
CSEFEE ESE I EF U S XS EEIR S ET KDY
. .
¢ DATA IS NCT IN CACHE =
. .

$3883 64X CEREBEEIEERTESE

NIN1S ENTER RID'S PUT IN READ REQ BUPPER

0SE MACRO DRP15, XSREX SEARCH DIRECTORY
PRIORITY 0 RESET PRIORITY

SEXD HACRO RID15, ROK1,LB0S1,X3CEXY,BV3DKRY

TRANSTER «CONR TO COnNMON CODE POR READ

SN SEEEICEIES AN NSRRI RENY
. .
¢ WBITE REQUEST TO CACHE®
. «
035900008 s tsasetsaInene

WUNS ENTER SID15 PUT TXN IN WRITE REQ BUPFER
USE  HACRO DRP15,XSRDEX1 WRITE DATA IN CACHE
PRIORITY O RESET TXN PRIORITY &
SEND HACRO SID1S,SOK1,LBUS1, X3BEX 1, DV3DKS1 q
&
SPLIT 1,c0mW &
PINI NMACEO Sy
3
TEANSFER  ,STARS A NE§ TXN ;
Somcncscacevcnsccnecnccaasaa - - - prp— &
. o j
®  CCEMON CODE POR READ REQUEST . i
A
-
. ;l§ t
|
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PILE: GPSSS4  VS1JOB D3 CONVERSATIONAL MONITOR SYSTEM
. ) ; .
R e o e e A = il

CONR ASSIGH 11,0

USE  MACRO KRP1, XSKEX

SEND MACRO ROK1,RIK2,GBUS, XKSBEXM, DYSKKR 12

use MACRO KRP2,X3KEX

SEND SACRO RIK2,RIR2,LBUS2, XSBEXN, BV SKRR2

USE  MACRO FRP2, XSREX |

TRANSFER  .XSEIN2,NIN2,RIN2
§ J152 ASSIGN 11,0

SEND HACRO RIR2,ROK2,LDUS2, XSBEXY, BVSRKR2

USE  ®ACRO KR22,X SKEX

SEND XACRO ROK2,RTK3,GBUS, XSBEXY, BV SKKR23

USE MACRO KRP3, XFKEX

SEND MACRC RIX3,RIR3,LBOS3,XSBEXN,BVSKRRI] .

USE  %ACRO RRP3, XSREX

TRANSFER  .XSPINJ,NIN3,RIN3

NIN3 ASSIGH 11,0

SEND MACRO RIRI,ROK3,LBUS3, XSUEXY,BVSRKR3

USE  MACRO K&P3,XSKEX

SEND HACRO RCXJ,RIK4,GDBUS, XSEEXY,3VSKKR 34 1
USEZ  MACRO KRPY, ASKEX 4
SEND HACRO RIK4,RIRY,LBUSY, KSBEXS, BVSKRRY §
USE  MACKO RRPU, XSREX

TRANSZER «RINUG ! |

rmcncncc e ccrccvccc s e ercn e e aen - —cane coccavcccaveccccal

READ DATA IS FCOND IN L(2)

" an g

L]
.
]

- ceacecccsccaccccwe -

RIN2 TRANSPER +5,RRR21,RRR22
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CPOEEVEP I OIS EEIB SIS IESGSS

E .
® DATA IS IN D21 .
. «

P00 ECIECOIORIVISISIVLOITIBESITVRSS

RRR21 ASSIGN 1,0

SEND HACRO BIR2,RID21,LBUS2,XSBEXM,BVSPDR21
USE 4ACRO DaP21,X3DEX2

SEND H8ACKRO KID21,TOK2,LB0US2, XSBEX1, BVSDKT2

TKANSPZER oRTF2

$,460508083 0865888088 ER

. -
¢ DATA IS IN D22 .
. .

CESTFET TSN G EETIETSCESG OO R

BRR22 ASSIGN 1,9

SEND HMACRO RIR2,RID22,LBUS2, X$DEXN, BDVSRDR22
OSE 8ACRO DRP22,XSDEX2

SEND MACKO RID22,70K2,LBUS2,XSBEX1,BV3DKT2

TRAKSFER +RTF2

SO eT ERETECVECGECIE TS EENRE
. .
® READ-THQOUGH TO L (1) *
L] L]
A AL RTINS A AR R R AT At

BTF2 ASSIGN 11,0
sz HACRO KRP2,XSKEX
SEND HMACRO TOK2,TIK1,GDUS, X$BEX1,BVIRTOK2

Semcccccrcrn s v s ccc s ccc e v e e s ce v e acan.

® STORE DATA INTO L (1) AS RESULT OP A READ-THROUGH
.

Poecoccccncccccsvocccaccncccnscccoenecnccvaccsacee

STOR1 ASSIGN 1,0
USE MACKO KAP1,XSKEX
SPLIT 1, ENSRICUN, Y
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TERMINATE
L T T T T T

L ] L]

* RT STORE INTO D11 L
. *
e T T T T

UWNE 11 ASSIGN 11,0
SEND HMACEO TIKY,TID11,LBUS1,X$BEX 1, BV3KDTI1
USE MACPO DRP11,XSDEX1

TRANSPER .X$povi,Novit,ovL it
NOV11 LEAVE TIDI

!INII HACRO

TRANSZER +STARY
OVL11 SPLIT 1,0VF1
PINI MACRO

TRANSPER +START : i
OVF11 ASSIGH M,0

SEND MACRO TIDVY,00K1,LBUS1,XSBEXN,BVSD KO
TRANSPER ,OVL1

CFEESFF EESETT SN ITERSERN Y

. .
®* RT STGRE INTO D12 .
- .

I A A AT R AR P R Y B2 WY

E¥W12 ASSIGH 11,0
SEND HACRO TIXK1,TID12,L0US1,X$BEX1,3VSKDT12
ose NACRO DRP12,X3DEX1

TRANSFZIR «X3POV1,NOV12,0VL12
NOV 12 LEAVE TiD12

PINI MACKO

TRANSPER +STAR2
OvVL12 SPLIT 1,0vF12
PINI ¥ACRO
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TRANSTER +STAR2

OVF12 ASSIGYN 1,0

SEND MACRO TID12,00K1,LBUSY,XSBEXN,BVSDKOY
TRANSFER ,OVL1

(A2 AR AL R I R RET R 22 2 1)

. .
® RT STORE INTO D13 .
- .

SEEEF TSN EEEREEEERER SO

UWW13 ASSIGN 1,0
SEND MACRO TIK1,TID13,LBUS1,X$BEX1,BV3IKDT13
Use MACRO DRP13,X5DEX1
TKANSPER «X3POVI,NOV13,0VL13
¥OV13 LEAVE TID13
PINI MACRO

TRANSPER +STAR]

OVL13 SPLIT 1,0ve13
PINI NACRO
TRANSPER +STAR3
OVP13 ASSIGN 1,0
SEND HACRO TID13,COK1,LBOSY,XSDEXN,BVSDKOY

_THANSZER ,OVL1

L2 A L R LR AL AT LR YY)

] ®
® RT STORE INTO D14 .
L .

S9080080¢ 000 sc0oTEPOOEIESESS

Y¥W14 ASSIGN 11,0
SEND HACRO TIK1,TID14,LBOUSY, X3BEX1,BVSKDTIY
USE HMACRO DRP14,XSDEX

TEANSPER +XSPOVI,NOV1I4,0VL 1Y
NOV 14 LEAVE TID4

PINI H8ACRO

TRANSPER «STARY

- llo=




PILE: GPSSSU

ovL 14

FINI

OVF14

SEND

SPLIT
MACRO

TRANSFER
ASSIGH

HACRO

TRANSFER

¥S$1J38 047

1,0VF4

+STAKU
11,0

TID14,00K1,LBUS1,XSBEXM, BVSDKO1

,O0VL1

SESOSESERELEELEREESEEEE S

® RT STCRE INTO D15 .

SESCERTUPEEEEAERSEEERSE RN G

LLERE]
SEND

sz

NOV15

PINI

ovL1S

PINI

ove15

SEND

ASSIGN
MACRO
HACRO

TRANSFER
LEAVE

HACRO
TRANSFPER
SPLIT
MACRO

TRANSPER
ASSIGN

MACRO

TRANS?ER

1,0
TIKY,TID15,LBUS1,X3BEX1,BVSKDTIS
DRP15,XSDEX1

. X$POV1,NOVIS,OVL1S
TIDI1S

+STARS

1,0VP1S

+STARS
1,0

TID15,00K1,LBUSY,XSBEXN,BVSDKOT

LOVL1

UGS R UG SETEEEEVRISESNSRRESE

® HANDLE OVP PROM L(1) =
.

P8¢0 8 080800 CESPCEISSREREES

ovLl
USE
SEND
use

A3S1IGN
BACRO
MACRO
nACRO

1,0

KRP1,XSKEX
OOK1,0IK2,GDUS,XSBEXN,BVSKKO 12
KR22,XSKEX
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SEND MACRO OIK2,0IR2,LBUS2,XSBEXN,BVSKKO2
Use HACRO RRP2,X$REX

L¥ave 0IR2

TERMINATE

CONVERSATIONAL MONITOR SYSTEX

®

¢ BREAD DATA IS FCUND IN L(J)
L ]

Ceccccccccccceccasccccs - —

RIN] TRANSFER «5,RRR31,RRRI2

0698080088800 EOBBRSSESS

. .
¢ DATA IS IN D3 .
. .

SSSC S CEL VLSS EPSERB IR SESS

RPR31 ASSIGN 11,0

SEND MACKO RIRI,RID31,LBUS3, XSBEXY,BVSRDR31
USE HACBO DRP3V,X3DEX]

SEND AMACRO RID31,TOK3,LBUS3, X$BEX2,BVSDKT3

ThANSPER +RTFP3

$8680 30 SSCEEESIETIEESIERSESE

. L]
¢ DATA IS IY D32 .
. .

CEP EE VS EE TN SESNBY P OGRS SR

BRR32 ASSIGN 11,0

SEED BSACRC RIR3,RID32,LBUS3, XSBEXM,BVSRDR32
USE HACRO DRP32,X3DLXI

SEND HACRO RID32,TOK3,LBOS3,XSBEX2,BVSDKTI

TRANSPER +RTPI

CEPT O EEFE IS IS USEETIEE SR

. .
®* BT TO L(1) AND L(2) =
. .

LA A AR R R A R AR AT A

RTP3 ASSIGN 1,0
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0SE MACRO KRPJ,XSKEX
TUST B DVSFTOK3, 1
ENTER TIK1
ENTER PiK2
SSIZE Gaus
ADVANCE XIiBTX2
ASSIGYN 4e,XSBEX2
RELEASE Gaus
LEAVE TOK3
SPLIT 1,STOR1
SPLIT 1,STCR2
TERMINATE
Seccccevassccasccnrrscccccscre e cncnesccsscsecenecsssacaancsacanl
. *
® STORE DATA INTO L(2) AS RESULT OF A READ-THROUGH .
. s
o o s - —— ———
STCR2 ASSIGN 1,0
USE nicro KRP2,X3KEX
SEND HMACRO TIK2,TIR2,LB0S2,XSBEX2,BVSKRT2
USE BACRO RRP2,X3REX
SPLIT 1,0vi2

TBANSFER +5,55521,555822

L .
¢ STOREZ INTO D21 .
. .
S0 000EUPEOITERSIREETESSE
SSS21 ASSIGN 1,0 -
SEND HMACRO TIR2,TID21,LB0S2,X$BEX2,BVSRDT21
use BACRO DRP21,XSDEX2
LEAVE TID21
TERNMINATE
60800 ¢s0v st oossdtsnuEn
. .
® STORE 1NTO D22 »
. .

SESELSENEE T AN NITILSEBS Y

§5522 ASSIGU 1,0
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SEND MACRO TIR2,TID22,L0US2, X$BEX2,DVSFDT22
USE  HACRO DRP22,XSDEX2
LEAVE TID22
TERNIRATE
$080s0stsdt st sdsdstnRRvEs
E OVZRFLOW HANODLING E

SEES S LR LR ELEEERECRE S EES

OVR2 TRANSPER .X3PCV2,N0VL2,0V12

OVL2 TEST E BVSGRKO2,1

ENTER 0UK2

SEIZE LouS2

ADVANCE X$3EXN

ASSIGH 4+ ,XSUEXN

RELEASE LBUS 2
SEND MACRO 00K2,0IK3,GDUS, XSBEXM,B3VSKKO23
USE HACRO KRPJ,XSKEX
SEND MACRO OIK3,0IR3,LBUSI,X$BEXN,DBVSKRO3
UsSe BACRO RRP3I,X3REX

LEAVE OIR3

NOVL2 TERMINATE

L T L L T T T R T T PP T T PR LR R D DN
* *

& READ DATA IS FOOUND IN L (4) .
® &

* csaee e T e cocad

RIN4 TRANSFER «5,RRRU1,RRRU2

CSRBEREETEE RSB SEEEEERESRS

L d *
® DATA IS IN D41 bl
L ] »*
SPLER S HEF SRSV EEERBETRTE
RRRU1 ASSIGN 11,0
SEND HMACRO RIRY,RIDU1,LBUSY,XSBEXH, BVSRDRU Y
" USE MACRO DRPU1,4A$DEXY
SEND BNACRO RIDUY,TOKY,LBUSY, X3BEXI,BVSDKTU

TRANSPER +RTFU
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LA AT T I ARI PR AT R L2 ¥

*

® DATA IS IN D42
«

.
L ]
L]

(T2 RA AT NSRRI R A R L 2

RRR42 ASSIGH
SEND HACRO
USE HACRO
SEND MACRO

TRANSFER

11,0
RIRY,RIDYU2,LDBOSY,XSBEXM,BVSRDRYG 2
DR242,XSDEX4

RID4 2, TOK4,LBUSY,XSBEX3, BVSDKTY

+RTFU

S0P PSS ST E LSS SERESSHBE S

® RT TO L(1),L(2),L(3) ¢
' -

AL E AL AR IR RS R R A PN R N Y

RTF4 ASSIGH
gse NACRO

TEST B
SNTER
ENTER
ENTER
SElLZE
ADVANCE
ASSIGN
RELEASE
LEAVE
SPLIT
S?LIT
SPLIT
TERMINATE

11,0
KRPU,XSKEX

BV3RTOK4, 1
TIK)

TIK2

TIKJ

Gnus
X33FX3
4e, 45853
GuUS

TOK4
1,STOR1
1,STCR2
1,STCR3

¢ STORE INTO L(3) AS A PESULT OP READ-THROUGH

Successcccansssacssrcacccssnssascnsncssccccsnssscasssctssnacsanass §

STOR3 ASSIGN

ose MACRO
SEND MNACRO
USE BACRO

11,0

KRP3,XIKEX
TIK3,TI®3,LBUS3,XSBEX],BVSKRT3
FRPJ,X3REX
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SPLIT 1,0viI3
TRANSFER «5,55531,55832

SEFBFETREEC RETREPCEER B EENT

* .
® STORE INTO D31 *
. L]

(AL RIS A R RS R DAL 22 1)

§SS31  ASSIGN 1,0
SEND NMACRO TIR3,TID31,LBUS3, XSBEX3,BVSRDT3 1
USE  MACRO DRP31,XSDEX3
LEAVE TID3
- TERMINATE
(F AR L AT SRR R R AR T Y ¥
L ] L ]
¢ STORE INTO D32 L]
L ] =

AAA AR RA RS RS AR R 2 2 2 2 2 L)

SSS32 ASSIGN 1,0
SEND MACRO TIEJ,TIDJZ,L§053,XSBiXJ,BVSRDTJZ
USE BACRO DRP32,X3DEX3
LEAVE TID32
TERHINATE
6800000080000t sesEnEsn
E OVERFLOW HANDLING E

0SS U SSESLIETEESTSEEERSE

OVH3 TRANS?ER .X3PCV3,NCVL3,0VL3

OvVL3 TEST 2 BVSR KO3,

ENTER OCK3

SEIZE LBUS3

ADVANCE X$BE XN

ASSIGuU 4es,XSTEXN

RELEASE L8uUs3
SEND NACRO 00K3,0IKY4,GBUS, XSEEXN,BVSKKO 34
ose MACRO KRPY, XSKEX
SEND HACRO OIK4,0IR4,LBUS4,XSBEXN,DVSKROU
OSE BACRO RRPU,XSREX

LEAVE OIRW

[ ]
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KOVL3 TERMINATE
L L e T |
LJ *
* COMMON CODE FOR STORE-BEHIND *
-« *

L e e b L e L L Y |

CoME ASSIGN 11,0

USE MACRO KRP1,X$KEX

SEND MACRO SOK1,5IK2,GBUS, XZBEX1,BVSKKS 12
UsE HACRO KR22, XSKEX

SEND HACEO S1K2,5IR2,LBUS2,XS$BEX1,3VSKRS2
USE MACKO RRP2 ,XSREX

TRANSFER .5,54%521,5HS22

CEISEVH6084300088%808%4ss

. .
® SB WRITE INTO D21 ¢
LJ - -

PSS CEEF T SSRGSV RS USS

SN¥S21 ASSIGN 11,0
SEND HMACRO SIM2,SID21,LBUS2,X$BEX1,BVERDS21
OSE M ACRO DRPZ\,XSDéXZ
SEND H#8ACRO SID21,S0K2,LBUS2,X$BEX2,BVSDKS2
SPLIT 1,87023
ENTER AOK2

TRANSFER +ACK21 {

PO TV EU P TS ST STV I N PRE Y |

L] L
¢ SB WRITE INTO D22 . {
. * |

9000000080033 sasts st

SWS22 ASSIGYN 11,0

SEND %iCRO SIR2,S1D22,LBUS2,X$BEXY,BVSRDS22

ose 3ACRC DRP22,XSCEX2

SEND MACRO SI1D22,S0K2,L3US2,X3BEX2,BVEDKS2 é
SPLIT 1,5TB23 ;
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ENTER AOK2
TRANSFER ,ACK21

L L b kT P A L L L L E T Ty

: STORE-DZHIND TO L (3) :
@ *
D ——— ———
STB23 ASSIGN 1,0

USE MACRO KRP2,X3KEX

SEND MACRO SOK2,SIK3,GBUS, X3BEX2,BVSKKS23

gsz HACKRO KRP3,X3KEX

S;&; 4ACRO SIK3,SIR3,LBUS3,XSBEX2,BV3KRS]

USE MACRO R]P3,XSKEX

TRANSFER «5,5W531,50s32

CESHEEEETERE S SR AR EETHED

* L
® SB WRITEZ INTO D131 .
. -

CSECUP TG ESE IR FEEEREINR ERE

S¥S31 ASSIGN 11,0
SEND AACRO SIR3,SID31,LBUS3, X$BEX2,BVSRDS31
USE HACRO DRP31,X3$BEX3
SEND NACRO SID31,S0K3,L8US3, SDEX3,BVEDKS3
SPLIT 1,STB34
ENTER ACK1

TRANSFER +ACK32

SEC ST ETE SR EUNRN SRR L

. .
® SB WRITZ INTO D32 .
. -

C08CESRESSEEE TR ITESSISES

SWS32 ASSIGN 11,0

SEND 8ACRO SIR3,SID32,LDUS3,XIBEX2,BVSRDS32
USE HMACRO DRP32,XSDEX3]

SEND 8ACRO SID32,S0K3,LBUS3,XSDEX3, BV3DKS3

w12«




FILE: GPSSSW vs1Jos D2s

SPLIT
ENTER
TRANSPER

1,STBIY4
AOK3
+ACKJ2

CONVERSATIONAL MONITOR SYSTES

e et e mc e c e r e eccc s ce s e cs e et e e r e cec e ce e e eecesecneneneas

*

¢ STORE-BEHIND TO L (4)

*

.
*
P

STB34 ASSIGN
USE MACRO
SEND MACRO
USE MACRO
SEND MACRO
USE NACEO

TRANSPER

1,0

KRP3, XSKEX

SOK3 ,SIK4,GBUS, XSBEX3,BVSKKS3Y
KRPU, XSKEX

SIK4 ,SIR4,LDUSY4,XSBEXI,BVSKRSY
RAP4,XSREX

«5,SKSU1,54542

CS8S S EEELEEETETRESRE FES

.

* S8 WRITE INTO D41 .

(AL AR TR RN R R R R RN XY ]

SWS4 1 ASSIGN
SEND HMACRO
USsE MACRO
SEND HACRO

TRANSFER

1,0
SIR4,SID41,LBUS4, X$SBEX3 ,BVSRDS4 1
DRPY1,XSDEXY

SID41,A0K4,LBUS4, XSBEXM,BVEDKAY

+ACKU43]

PSS EITELENBESETANBERS ENS

¢ SB WRITE INTO Dy2 .

CPESESPSEEERNETTEIESEPEFTETRS

SWSU2 ASSIGN

SEND nACRO

USE 4 ACRO

SEND MACRO
TEANSPER

1,0
SIP4,SID42,LBUSY,XSBEX3, BVERDSU2
DPPU2,XSDEXY

SIDU2,A0K4,LBUSY, XSBEXY,BVSDRAY

+ACKU43




PILE: GPSSS4 ¥s1J0D D26 CONVERSATIONAL MONITOR SYSTEM

R A S S S S a1

L] *®
& ACKX PROHM L(4) 70 L(J) .
L L d
Secaccccccccccnce e s cmcc e e cc e s e ccecccccs cnascneacnasccncnee$
ACK43 ASSIGN 1,0
USE 4ACRO KRPU4 ,XSKEX
SEND MACRO AOKUY ,ATK3,GBUS, XSBEXM,BVSKKAL3
USE MACRO KRP3, XSKEX
SEND NACRO AIK3,AIR3,LBUS3,X$BEXN,BVSKRA3
USE HACRO REKPJI,XSREX
ISV NSEESEGCEBEEIBRRSE SRS
. «
¢ PORWARD TULE ACK UP .
* »

CEVRTIN LV ES A SN PSP ERESEEKI

SEND HNACRO AIR3,AOK3,LBUS3,X$3EXM,BVSRKA] =
0SB HACRO KRP3,X3IKEX
SEND MACKO AOK3,AIK2,GBUS, XSDEXM,BV3KKAIJ2
use MACRO KRP2,X3KEX
SEND MACRO AIK2,AIR2,LDUS2,XSDEXYN,BVSKRA2
USE HACRO FERP2,XSKREX
LEAVE AIR2
TERNINATE
L RS P ——- B ———
L] s
¢ ACK PROM L(3) TO L (2) «
. .
Secccccaccccccccscscacccacccrcccccsacccncnascae -
ACK32 ASSIGH 11,0
OSE MACRO KRP3,X3IKEX
SEND BACRO AOK3 ,AIK2,GBUS,XSDEXY,BVSKKA32
USE 4ACRO KRP2,XSKEX
SEND MNACRO AIK2,AIR2,LBUS2, XSBEXN,DVSKRA2
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USE  MACKO RRP2,XSREX
SEND EACRO AIR2,A0K2,LBUS2, XSDEXY,BVSRKA2

TRANSPER +ACK21

1 L L

® ACK PROM L(2) TO L(V) *
* - {
. PR —— P —— |
{
ACK21 ASSIGHN 1,0 |
|
USE 4ACKO KR22,XSKEX
SEND NACRO AOX2,AIK1,GB80S,X$BEXY, BVSKKA21 |
OSE 8ACRO KR?21,X3KEX |
SPLIT 1,PNSWICHA,N
TERMINATE . |
0309080088000 0se RN
. .
¢ ACK HANDLED BY D1V .
L ] .

L IA L T AL R R AN AT R A LR AT YY)

AAA 11 ASSIGN 11,0 |
SEND NACRO AIK1.AID{1,Luu51,xsaexu.av:xnx11
USE  MACRO DRP11, X SREX
LEAVE AID Y
TERMINATE
SOV ST ST N ETE SR A 0CR 0800880
E ACK HANDLED BY D12 E

$39884883¢ 084S EITESESERRE

AAA12 ASSIGYN 11,0
SEED HNACRO AIKI,RIDlZ,LBUS1.X$BEXH,BV$KDA12
USE HACRO DRP12,X3REX

LEAVE AIDV2

TERMINATE

C00090C0E800 PSS SRS SERSSES
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PILE: GPSSS4 vsiJjos D28 CONVERSATIONAL MONITOR SYSTEN
. : »
® ACK HANDLED DY D13 *
. .

IR RS RS R PR R RE 2L RS 2%

AAA13 ASSIGH 11,0
SEND MACRO AIK1,AID13,LBUS1,X$BEXY,BVEKDAL3
gse MACRO DRP13, X$REX
LEAVE AID13
TERMINATE
9888800840 sssEISENERERNg
E ACK HANDLED BY D14 :
.

SESSS ST RECE LSS LS SR TS

AAAIY4 ASSIGN 11,0
SEND MACRO AIK1,AID14,LBUS1,X$BEXY,BVSKDAYY
USE HMACRO D3P14,XSREX
LEAVE AIDVY
TERMINATE
SEEEIBTSTEUEEIIBLSEEET SRS
E ACK HANDLED BY D1S :
.

SSSSEEES TR S LESEESS GRS

AAAYS ASSIGN 1,0
SEND HMACEKO AIK1,AID15,LBUS1,X38EXN,BVSKDALS
USE HACRO DRP1S,X3SREX
LEAVE AID1S
TERMINATE
L T T T TSRS ppp— 4
L : ]

¢ SINULATION CONTROL .
. .
.

L T P L - -

GENERATE LSTINER
TERMINATE

START 1

2ND

- 128~




