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Abstract - This paper analyzes how Portable Test and Stimulus (PSS) can augment low level implementations in UVM and
create high level scenario models by using a number of enhancements in the recently released PSS Draft Standard 2.0 for
public review by Accellera System Initiative. The Standard brings in a number of enhancements including templates,
memory allocation, register modeling and other advanced modeling constructs that has allowed verification engineers to
model and generate complex scenarios that were hard or outright impossible to do in UVM. In this poster we will look at
different strategies to realize deep state modeling, reusable virtual sequences, resource based high level scenario
modeling, coverage maximization and reusable programming sequences
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I. INTRODUCTION

Constraint random verification using hardware verification languages (HVL) like System Verilog (SV) and
Specman e have been very successfully applied for exhaustive IP verification sign off. However, for subsystem and
SoC verification, the verification complexity often involves intricate dependencies between operation of design under
test (DUT) and testbench (TB) components. While, these traditional HVLs excel well in transaction randomization they
lack native semantics to capture sequence dependencies, resource contentions and support of native scheduling
primitives.

This paper introduces strategies and methods from the Accellera Portable Test and Stimulus (PSS) standard [1][2]
to augment existing HVL in addressing the challenges of subsystem and SoC verification. PSS is a behavioural
modeling language that can be used to express test scenarios, it retains all the traditional HVL features like control
flow with loops, conditions, sequential and concurrent execution semantics along with constraints and converge
constructs. On top it, it adds powerful built in verification-specific semantics to capture system resource availability,
configuration objects, operation model and data flow requirements. The PSS 2.0 draft release also introduces portable
implementation layer for hardware programming sequences including representation of memory, registers,
threads/synchronization etc. PSS allows users to describe abstract test intents in a either PSS Domain specific language
(DSL) or in PSS C++ input formats and allows these intents realization in multiple target languages (ex: SV,
Embedded C etc.). This key split between test intent and test realization allows users to realize portability of scenarios.
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Figure 1: PSS Tool Flow



This paper introduces users to various UVM verification challenges and discusses how PSS can be applied and
layered on top of existing UVM test environments to improve overall test quality, easy of test authoring and reuse of
stimulus across different levels of verification abstraction layers.

I.  DEEP STATE MODELING

Consider the following USB Link training and Status State Machine (LTSSM), that has 12 states: 4 operational links
states (U0, U1, U2, U3), 4 link initialization and training states (Rx.Detect, Polling, Recovery, Hot Reset), 2 link test
states (Loop back and Compliance mode), SS.Inactive (link error state) and SS.Disabled (Superspeed disabled). This
LTSSM is the core of the US3.0 link layer and defines link connectivity and link power management states and
transitions. A typical test scenario requires generation of stimulus that takes transition to U1 state for setting up an
operation and this can happen in many possible ways as illustrated below

Figure 7-14. State Diagram of the Link Training and Status State Machine

Figure 2: USB 3.0 LTSSM

Testing this deep state model in HVL is hard to do as they require creating controlled stimulus patterns that allow
transition through many hops and potentially many paths to reach a target state. Writing UVM sequences for these
FSM state traversals requires complex constraints between command arrays, heavy procedural code that takes care
of dependencies and careful scheduling of the state walks, all of which is usually done manually

With PSS, you can use the semantics of state objects to do a formal model of this state machine and allow the PSS
tool to solve the dependencies between the states transition for doing exhaustive state walks. The state objects
ensure that strict sequential scheduling between producer and consumer actions is enforced. The state dependency
for state UO and U1 can be modeled in PSS as shown in Figure 3, the PSS tool would infer the dependencies
between actions based on the matching constraints on their states objects and complete the dependency chain for
creating legal concrete solutions from which user can generate multiple tests
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Figure 3: PSS implementation of USB LTSSM

II.  REUSABLE VIRTUAL SEQUENCES

UVM virtual sequences are used to control and start multiple sub-sequences from different agents. The ordering and
scheduling of these sub-sequences in these virtual sequences has to be carefully thought by the user and procedurally
coded. Consider the following case of two teams verifying their subsystems independently: The Ethernet subsystem
team, verifies the ethernet data path along with DMA transfers to memory. A typical UVM test case that this team
develops would require configuring the Ethernet IP and the DDR memory controller, setting up the buffer
descriptors for DMA and eventually setting the ethernet agent to send an ethernet traffic.

class enet_scenario{

m “uvm_object_utils(enet_dma_seq)

Sub-sys DUT l virtual task body();
ddr_init_seq ddr_init;
enet_init_seq enet_init;
dma_xfer seq dma_seq;
enet_tx_rx seq enet_seq;

fork
“uvm_do (ddr_init); // Initialize DDR
“uvm _do (enet_init); // Initialize ENET
join

// Parllel DMA and ENET xfers

fork
“uvm_do_with(dma_seq, {nr_bytes=32;channel ==1;

src_addr == 0x6000; };

“uvm_do_with(enet_seq, {nr_transfers=32;};

join

endtask : body
endclass : enet _dma_seq

Figure 4: ENET Virtual Sequence Example



Similarly, a team that testing the PCIE subsystem, does a similar data path test that includes setting up the DDR

memory controller, followed by setting up buffer descriptors for DMA eventually invoking the PCle agent to send
traffic

class pcie_scenariof{
“uvm_object_utils(pcie_dma_seq)

virtual task body();
ddr_init_seq ddr_init;
pcie_init_seq pcie_init;
l dma_xfer_seq dma_seq;
pcie_io_seq pcie_seq;

Sub-sys DUT

fork
“uvm do (ddr_init); // Initialize DDR
“uvm_do (pcie_init); // Initialize PCIE
join

// Parllel DMA and PCIE xfers

fork
“uvm _do_with(dma_seq, {nr_bytes=32;

src_addr == 0x8000; };

“uvm_do_with(pcie_seq, {nr_transfers=32;};

join

endtask : body
endclass : pcie_dma_seq

Figure 5: PCIE Virtual Sequence Example

At Chip level, the teams are often tasked with data path testing between these IPs. One logical place to start is to
reuse sequences that has previously been tested at subsystem level, however such virtual sequences developed are
often unusable as-is due to resource clashes, multiple/ redundant initializations (in the above example ddr would
initialized in both the pcie_dma seq and enet dma_seq if used as-is)

PSS solves such resource collisions upfront by capturing dependencies in the individual actions and thus allows mix
off many such PSS scenarios from multiple IP/Subsystem teams. A PSS tool would typically solve the entire
scenario top down taking into consideration the resource, dependency and scheduling needs of the scenario and will
ensure that only a legal scenario is created
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Figure 6: PCIE and ENET Scenario modeling in PSS



You can now mix these scenarios at Chip level and ensure that a legal solution is only created
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Figure 7: Reusing PCIE and ENET scenarios at top level

III. HIGH LEVEL MODELING

SV has an excellent declarative constraint language support, however for modeling scenarios at subsystems and
beyond the low-level constraint model in SV is often hard to implement and debug. A good example is seen in
creating test scenario for verifying a multimedia subsystem. Often these systems have multiple input and output
engines with rules on how the output engines are mapped to input engines for processing images. Let’s takes an
example of such a system where there are 5 instances of input engines (A0, A1, A2, A3 and A4) that need to feed
image to 3 output engines (B0, B1 and B2). The architecture rule specifies 3 type operation based on the following
ruleset between As and Bs

1. Image bypasses input engines (As) and is fed to exactly ONE output engine (Bs)

2. Image is processed by ONE input engine (As) and processed by exactly ONE output engine (Bs)

3. Image is processed by TWO input engines (As) and processed by exactly ONE output engines Bs)

4. Concurrent operation shall not share the same engine instance

In SV one could model this relation in term of low level constraint modeling as below




class MMS_config_s;

rand int A_to_B_map[5]; .
constraint c¢c_A to B map { Flat represe!“atlon
foreach (A_to_B map[i]) { of mapping

A_to_B_map[i] inside {[-1:2]};
}

}

rand int num As_per B[3]; A bit matrix can be
constraint c_ab_array { -
foreach (num_As_per B[i]) { e S DL ICET

num_As_per B[i] inside {[0:2]}; N and M-N mapping

}

}

rand bit B_to A map[3]1[5];
constraint c_btoa map_array {
foreach (B_to_A map[i]) {

B_to_A map[i].sum == num As_per_ B[i];
foreach (B_to_A map[i][]]) {
(B_to_A map[i][]j] == 1) == (A_to_B_map[j] == i)

}
}
}

endclass : MMS_config_s

Figure 8: Low level SV constraint modeling for A to B mapping

Such flat representation of a relatively simple resource problem is definitely hard to debug and reason.

PSS allows users to capture such test intents in terms of higher level scenario models, such that the user can state the
model in terms of the problem such that, it is

e Easy to reason and understand the model

e Easy to debug contradictions

e Capture intent in abstract scenarios

e Provide Visualization of the solved scenarios

We could restate the multimedia engine problem is PSS using resource objects

component mms_c {
resource A r {};
pool [5] A_r A pool; // Resource pool of 5 A engines
bind A pool *;
resource B_r {};
pool [3] B_r B pool; // Resource pool of 3 B engines
bind B_pool *;
// Action that locks a B engine
action B_op {
lock B_r B_0;
}i
// Action that locks one A engine and a B engine
action AB_opl {
lock A_r A 0;
lock B_r B_1;
bi
// Action that locks two A engines and a B engine
action AB_op2 {
lock A r A 0;
lock A_r A 1;
lock B_r B _1;
}i
bi

Figure 9: High level PSS resource modeling for A to B mapping

You can now create test intents in PSS for say processing the image in multiple phases and visualized them too!
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Figure 10: Abstract Multimedia scenario intent capture and solution visualization

IV. VERTICAL REUSE

One of the challenges in UVM is that the register programming sequences cannot be reused between IP/Subsystem
teams and SoC teams who executes such sequences on say an embedded processor. There were no standard high-
level terms to implement device programming operations and the work done so far has been relying on many
proprietary, ad-hoc solution that’s effort intensive to maintain

PSS 2.0a Draft specification defines register, memory models along with procedural execs that allow users to create
portable hardware programming sequences. The built-in core library function allows user to map the implementation
to different targets based on the environment specific terms

// IP Register description
package my regs_pkg {
struct fifo reg: packed s<> {
int data;
}
struct cmd_reg: packed s<> {
bit[2] wvalue;
bit[30] padding_;
}
struct ctrl reg : packed s<> {
bit[1l] start;
bit[1l] done;
bit[30] padding_;

}

// Register group with

component my_regs_c : reg_group_c {
import my regs_pkg::*;
reg _c<fifo reg> fifo_r;
reg_c<cmd_reg> cmd_r;
reg c<ctrl reg> ctrl r;

Figure 11: PSS register description




The user can do the behavioral model of their IP in PSS and populate the randomized values into the register model

action my ip c::transmit {
rand bit[8] data;
rand command e command;

N

}

while (comp.regs.ctrl r.read().done
yield();

}i

== 0) // wait

constraint command e == START -> data ==0;
constraint command e == REFRESH -> data ==0xFF;
constraint command e == LINK UP -> data == O0xEC;
}
Figure 12: PSS behavioral model of a transmit sequence
extend component my_ip c {
my_reg_c regs; // IP Register instance PSS Register Stl"uct handle
extend action transmit { I
fifo _reg fifo_h;
cmd_reg command_h; a a
ctrl _reg ctrl h; Populate with PSS attributes
Runtime exee post. sotve | ] after randomization
implementation of fifo h.data = data; I
. command_h.value = (int) command;
the action ctel h.start - 1; Pass in the struct type of this
} .
Wait busy on read emec boty { i | —— ] register
p.regs.fifo_r.write(fifo_h)
done ™N comp.regs.cmd_r.write(command_h) ;
comp.regs.ctrl r.write(ctrl h);

Figure 13: Implementation of Programming Sequence Realization layer

The PSS tool and its core libraries support operations for realizing these write and reads target functions to different

platform out-of-the-box

import SV function write;

/Jisiv realization %

extend action my ip c::transmit {
exec body {
comp.regs.fifo_r.write(fifo_h);
comp.regs.cmd_r.write (command_h) ;
comp.regs.ctrl_r.write(ctrl_h);
while (comp.regs.ctrl_r.read().done
yield();

}

0) // wait

write(@x8000_0020, OxFF); // fifo_reg
write(0x8000_0024, ox1); // command_reg

//User SV Task
task automatic write(input longing unsigned addr,
input longint data);
$display("Handling invocation of write_mem");
tb_top.write_seq(addr, data); // SV sequence
endtask

N Embedded C
realization
[import C function write;
*(uint*)(0x8000_0020) = OxFF; // fifo_reg
*(uint*)(0x8000_0024) = 0x01; // command_reg

Figure 14: Flexible mapping of behavioral atoms to environment specific terms



V. COVERAGE MAXIMIZATION

Achieving functional coverage closure in UVM is a tedious task. While UVM has excellent randomization support,
the coverage correlation between randomized items are poor. This causes generation of many tests that may not
contribute to coverage, causing long regression runs and LSF overloads. Consider an example of achieving
functional coverage on rolling a couple of dice, with a coverage on all the face values and their crosses while
ignoring value that are identical on both the dice faces.

class dice _cov_c {
covii?::)o:uios:E:;zgt;: red_face_val; . . a E a a
b _cp: coverpoint blue face_val; 30 bins in the a/eaasn ] CLEE- XN @
cross_BxR: cross r_cp, b_cp { cross S S00eSgiaeEe8sas
ignore_bins ignore_same val = cross_BxR with 7 T 5 50588 u SRE888
(e bce); g B E0EEEEBEEEEE
encrous B EOEEEEEEPE 8N
NG LD R )
}

Figure 15: Coverage on face value of couple of dice rolls

In a typical UVM randomization scenario to create the stimulus (values on two dice faces), you would typically get
more stimuli than the optimum 30 combinations required to hit the cross coverage
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Figure 16: SV redundant input combinations

PSS supports coverage constructs on the abstract scenario model. This allows PSS tools to do smart coverage filling
on the coverage bin and cross of input attributes and systematically achieve the coverage goals with minimal tests.
The PSS tool can also potentially allow users to visualize the coverage using the fact that generation randomization
of action/flow objects, input attributes are being available ahead of test execution on the target platform!



Visualize coverage
before test
Capture the coverage execution!
action roll dice { intent in PSS model :
rand bit [3] in [1..6] blue_face;
rand bit [3] in [1..6] red_face; P /

covergroup {
b: coverpoint blue_face {

i

ignore_bins i = [0,7];
}i
r: coverpoint red face { T~ 30 operations to
ignore_bins i = [0,7]; get to 100%
. - o (]
Yi Use PSS tool directives \ \
f bi d coverage!
bXr: cross b, r { Oor coverage bins an
ignore _bins i = bXr with (b == r); crosses to be e
}i systematically covered 'SR}

} RxB cg;
}i

Figure 17: PSS stimulus coverage fill

CONCLUSIONS

This paper analyzed strategies and methods on how PSS can be used in a UVM verification environment. It’s
important to note that PSS does not replace UVM verification but can complement the low-level implementations in
UVM with high level scenario model captured in PSS while continuing to use the existing UVM checkers,
scoreboard, coverage constructs in such an integrated PSS UVM environment

By layering PSS on UVM we showed how users can create smart correct by construction complex tests with all the
input dependences resolved automatically minimizing human errors while maximizing test throughput by verifying
many features in lesser number of tests. PSS also allows UVM users to define portable hardware programming
sequence such that it can be leveraged vertically all the way to embedded SW teams. By supporting coverage
constructs in PSS, we can enable PSS tools to enable smart coverage filling and getting to the coverage goal with
minimal number of tests
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